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PROCESS FOR PRODUCI NG LOAER OLEFINS Field of the
I nvention This invention relates to the processing of

wa@2dveavi2hydr ocar bon feedstock to produce | owePCT/US2007/064602

ol efins. Background of the Invention A conmon process
for manufacturing lower olefins is through pyrolytic
cracki ng of saturated hydrocarbon feedstocks

contai ni ng PrQKN PORPIEOL ICERCA VIR ORERIRSE
but ane, pentane, and crude oil fractions such as

narkk iR idrdigas oil. Producers of |ower olefins are
always Tooking for | ower cost hydrocarbon feedstocks

t hat Tﬁl?srln%%tlgr?féﬁ%pt& ﬂJe'p}‘ocHé%Q%%‘i’gﬁieM h%qlrogalrg(;ﬂ f%edsfock Iglo
cracki ng processes to | ower i ns e materi al that
preduwst lawer eleést. for the conversion to a | ower ol efins
PRI oauet IS cnygﬁmgll and fractions of crude oil that
tnﬂgarﬂ—pr¥t¥——SUC as petroleumresi duum due to its

| ow O%&Unmmdpmms foo smntliattinting lofversolefivisfis themih pyrolytic cracking of

upgr.adi. n e through .it onve rsion,to h her
VRPHEG st Ry’ S IEPREPGDL ARG S MR propane
lﬁjld:nléapdtfta‘ﬂe dndl@mda oﬁ:loBetcusﬁsanmdlp@s fidphthiatand @esoihoProdadess @ lower

SR L 5 e B B B e

ipeaded b pablyny mhmhg ﬁroeés&%ktb Mgvdr blehias eOne ﬁlﬁt@rlﬁlhﬁat 1s of interest
:%ields of high valued products are pgor. US Pate

! BESOPBEER Qb YOS I P GBS ATEe YUt FEFORIE crude o tha

PhadH ldroRud aPbafdifs répruheauy hYEres aolomd the possibility of
f eedst ocks such as petroleun1re3|duun1 A heavy

figndlicady Boradineids ydekthragh it spnvsEseny te dighgr &“tluqﬁh Rypructs. While

M@Eﬁfﬂr@suﬁﬁ% 1@95!1%5@%@&& HR& @ttahﬁlﬁﬁlt 19J1(Le9\ﬁ@tdmg<)é a good feedstock

separation into |lighter and heavier fractions. e

for priolytic eragkdng. becansye isdiss agirenlojelpyaroriyeiadhe eonpecigy sastion of
MaTeAs

T R R ing N, MBS U R PR e B

sepaﬂ&iP@ﬂnvEﬁﬁéﬁéﬁwp@swanmﬂextamtumwnr§Wdﬁ=Mh@mﬁonofobﬁns

%%I?ﬁlj}ltg%&l Igflrd?o;cglgbg]? f@eﬁst%?q(% %Br oceéétﬁo eu[hl %ngmun? A eavy hﬁrocarbon

easi e crea

fiesdsthak it Mirpaprbtrdedauskigl chfsswm uind rhodemtd memﬂwtures followed by
i Sti

Fefisirdlr et bR B RelERy ehe Fanbnfy o Ehersupty pyrotvred
tdipsddutd alteflﬁm H@qmef @Sor@ Watduisdaseihe dh®tuntl df alid 1dhtdr Graction
avoi.d very high t eratures that, pronote coke. .
BYIFHRE SR Eﬂ’ Ugp LB IsE Y 4deirect PB’I%%frFE? lghgryfraction by
WBROdikARLbNS 2 08B Re@iafY idftaiblOfto&sd Would bt BRaEONMVIES s B in part
section of a p%rlcal pyralytic cracking furnace in an

Rerart fekgWaRd, fof 18 dby fhrSBHatlofl HEh s ¢ epul gletpethigh franperatures
L4iRace N M @ndiyk &lcH deBiF B8RSR0k RQUANDM Miculh dbofind AsdiRBon to

furnace, and increase the cokln% of the furnace tubes.
avoid very hlgh temperatures that promote coke Tormation. It would also be difficult to
completely vaporize the deep distillation cuts in the convection section of a typical
pyrolytic cracking furnace in an olefins plant. In addition, the heavier feed to the furnace
would likely increase the amount of tar in the furnace, and increase the coking of the
furnace tubes.

A recent advance in pyrolysis of crude oil and crude oil fractions containing pitch is

shown in US 6,632,351. In the ‘351 process a crude oil feedstock or crude oil fractions

containing pitch is fed directly into a pyrolysis furnace. The process comprises feeding the
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A recent advance in pyrolysis of crude oil and crude
oil fractions containing pitch is shown in US

wWG2®321B20. In the '351 process a crude oil ferdBUSIIRT/064602
or crude oil fractions containing pitch is fed
directly into a pyrolysis furnace. The process
conpri ses feeding thecrude oil or crude oil fractions
GOt Bi NirnGud® b Pri@o Ebﬂtﬁfnngtlﬁﬁﬁ ®r gheat ﬁigembﬂeﬁuaer 3within a
convection zone, where the crude oil or crude oi
ORERCEiP AQNCe SYERT HE i Ao erde pié el CORRIRInehRitch arg peated

f

\%@@ ﬁlemr@l g{a ?feeh%ef&ﬁgg talg 1! tef'nﬁg‘gﬁ df{’h:tnfe)e(lt&&?gtC l})ﬁﬁé&uce a heated
gmimumenmeumﬁThﬁmHMmBﬁswnmnhenﬁpnsmeﬁmageg@peheanemimegas
h%nd mlxt% I ?%ft% llil%g\e?qgl%bslépe@%rato {otllowed P}y q arallr\llgiqand ref'Iﬁovné%the gas
ﬁ‘rasm)rrma h@mﬂ li 1] medvalpnr ]ichﬁad V@pﬁutorj amﬂufeddlﬁgﬂ&rﬁtmwed ga3do a second

edln ved as to a.seco eheat er
PO Pbbaat Mo e hufitn 1hed e RdEuRd SASR! 8Py Rl tho o
fiadlitfitOLhiAE eﬁtmmm pyr@l@@is dithacep ARl Wyibhizeu tdweleﬁw @ldy SdsSciated by-

furnace zed to ol efins and associ ate y ..

IHP%FE?ct‘X l?ﬂv?ﬁ}sll Igo‘ieglegﬂn ﬂFFp‘PVGVéeré?ﬁeS% Heefge 6‘3%&%&‘“"“5 n

RIRGAS RightMaEIRs & Iﬁor%tvhiuhble priabal 1Ns cbite REMEBYIiMGhe convection

hi gher yields of nore val uabl e products due to coke

et etn AP A Hes e pEHOB - NG PRIeb rPRGHOTRITEIPH AR -Nepdydjte increase

%@ REddetaRS (8lhd fhﬁfaﬁ@&a“égm? %pﬁfeaﬁlhﬁ& (Vﬁ%quﬁﬂ%ﬁseék&eﬁg&d Also,
0 increase gas f rates to the radi ant section of

ingfeased; epkgdernygiien e?Vﬂé)W@lf ysths radane seqgpm becaus (B gas removed in the

r M, |

LBO FRRPRIEAKE RO R HUpR e A Abig separar

(sepeniateonciises — conwih mcrdaghg vajoiliiid gerfarser tﬁmp@ata@ 1h¢re coke

%@@g&ré drL B S RGN Al qul AR 35@1%&& I{aﬁﬁﬁtt 3R of {ﬂe'fSrnace.

I'ncreasi ng vapor-11qulid separator tenperature

nor e Wl és lmee@lus soispraved preevibd permaim thd ecolnbrqisrhbpra@:dsing of a

f ed hgsrgcatr‘tl%% S ocEtt%%reog%Eéegpowe{ hia?l?ls i {11 er ¥lﬁl\([1\hW1th0u§ causmg

mmampmbb&bdpgmme&ﬁnggmhéaﬁwh&ﬁmyahmdﬂheamhmmquGqQMmmkmﬂw

tgﬁgroducE | ower. ol efins in higher yield, wthout

AAAN RGO AYBEREH1 e fouling or coking in the

SRAS bi @B Isesdidnon, the vapor-1iquid separator or the
radi ant section furnace tubes. Summary

| nvertt® SFFsIH &NERERSRIIC (R BNPFSH fGFé’V’é)ﬂYéglgtaoheéVWB@é(% in order

bOproRME ol Ymkd gedhoheAny H@RUASE 96 iR @E dRinulRuR! OViAGind In
nmore economcally attractive feed for the manufacture

ReFticylaat thesPresept FAPRLOBUIS &t Proceis {9F @¥EMZingny dweiostdem fepdstock

<R&9&£ﬁ§%ﬂh@ﬁmﬁm%Qkyﬁééﬁkd%1H¥9BQﬁﬁgﬁyﬂﬂy&§ﬁ9é&9€&npnmng
contalnlnﬂﬁunde3|rab e coke precursofs in an olefins

pyr olaysi s Iqeding 4w faedsipaki ©f héjrst ajage ee-’éwfﬁgf Praedéd 8ds ccogyection
JBe @ftfh lf t&ﬂ%eﬁ[n%@%ﬁ (%’dstgglpé(/ltﬂﬁ Qhe 9 }/eﬁ a&érqg roduce a
h Pau thin

zone o e Furnace. eating sa
mh@d@ﬁshmn¢nm@@3preheater to produce a heated

gas- Ibi) qui gVitHih)gvﬂlrg%he heated gas-liquid mixture from the first stage preheater to a
first vapor-liquid separator,

c) separating and removing at least a portion of the gas from the liquid in the
first vapor-liquid separator, heating the gas in a vapor phase preheater provided in said

convection zone, feeding a portion of the heated gas into a radiant zone of the pyrolysis
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b) withdrawi ng the heated gas-liquid m xture fromthe
first stage preheater to a first vapor-liquid
wGae@angder, c) separating and renovi ng at | easPCHUS2007/064602
portion of the gas fromthe liquid in the first
vapor-liquid separator, heating the gas in a vapor
phase preheater provided in said convection zone,
fusRel, rasd ?ﬁeg&ﬁlg A Qb J heaheaieds s féeaing adob R AMe heated gas
zone of ol ysi sfurnace, and pyrolyzing the gas
@@SEK@@U€§W@H@ﬂ§ﬁ§mW§nd feeding a portion of the
heat Qﬁi ga%vlth@ra@'m%qg@ﬂgnd/ 209 nd fngtl"yagmsl?@ﬁ[ ?ethIrator da)ad feeding the
wi thdrawing the INiquid fromthe first vapor-1liqu
rgepudationd t‘aﬁdh‘ffé@l:iﬂﬁ@ﬂmg‘l eonee psly subjdciingiit earozged hquld to mild
BB SR RERE P20 b REbL A pREEHIPKE sanisicanty
dimithehedriibd vy - feacdok e@htfpnmg tsrompmtsngtlan@’mghbcﬁllm@mlhgs above 537
i m ni shed heavy fraction containing conmponents with
normal boiling points above 537 C, e) withdraw ng the
t her el | ywithédraked the hduedllyfcraeked predddo @oneathe dreanddicrgking zone
ne to the nd va or-Iqu|d separator, f)
@g$6?9§9ﬁawg %@ﬁﬁg?ﬁg at | east a portion of the
t her mpl |y veposicing darcio i@yt at Wakth anperited dyothki tlhgrmally cracked
oi nts bel ow 537 0C fromthe Liquid fractio
BPSRE S S PALRA P e B oY 5%72%19?%% 1?9@“‘{] ﬁaé“i’%‘r?d@%%fcond
RPHL I $ephidiod ahdetcaint (#QBRoR fofRn PO @lriBins zédéldf @eeyrolysis
and pyrolyzing the rempved portion to produce ol efins,

HFdcg #nd oAy the ﬁenw@ﬁ@eﬁlpﬁ@o PPse@lefipned on from t he

second VapQfovidgdied rs@RahatiRuid HAc@ROHBRr tRMhQdhdRbor-liquid
the present invention relates to a process for

%9?@Py2|ng a hydrocarbon feedstock contai ning
undegj LaRh& GAKEINRLE %rﬁ&reﬁt ihPen@Pn RUAL 8BS PYLR W3 'p§rolyzmg a

furnace conprising: a) feeding the feedstock to
lyidragarbgn degalstorle veriniome prnoosichbld ¢alke aprecurspescin em Oiftﬁlme rofolysis
and heating said feedstock within the

éﬁﬁgt&%@g%egpreheater to produce a heated gas-liquid

m xt w e, Bedingtthd feadstogs tohe firve atagel pgsasatdzn mwdednnxtt wpevection

%Oﬁfé 0 L ttélggurgéao Qvﬁ%theﬁn Zsaolﬁ%ee%];toct:kh\%}tﬁlg Iﬁlne 1rst’ sta%rn g{e ca er to 9roduce a

lﬁemaga¢h¢@ﬂﬁmNMfenDV|ng at Ieast a portlon of the gas
eedi n

fromthe he xt ur.e,
Femouba - gaan i bosf s Bl bRl JRGy gt fone of the
futiab@CRd fRAkngYHeOfeyioh &ty fﬁlh&f@g@sﬁ tvapPliQaidcepoh®f, i R¥Barating and

removing at least a portion of the gas from the heated gas-liquid mixture, and feeding the
removed gas into a radiant zone of the pyrolysis furnace, and pyrolyzing the gas to produce
olefins,

c) feeding the removed liquid from the vapor-liquid separator to a thermal-
cracking zone, and subjecting the removed liquid to mild thermal-cracking conditions to
produce a thermally-cracked product having a significantly reduced heavy fraction
containing components with normal boiling points above 537 °C.,

d) removing the thermally-cracked product from the thermal-cracking zone
and feeding it to a stripping zone,

e) vaporizing and removing at least a portion of the thermally-cracked

components with normal boiling points below 537 °C from the liquid fraction in the
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c) feeding the renoved liquid fromthe vapor-1liquid
separator to a thermal cracking zone, and subjecting

wo b@7neeved |iquid to mld thermal -cracki ng ceemUs100T1864602

to produce a thermally-cracked product having a
significantly reduced heavy fraction containing
components wi th normal boiling points above 537 0C,
ippi@MOHNEnd REdIhD RN RInl Y e® hakik e dndrBE Wdiant M8 §th@e pyrolysis
t her mal - cracki ng zone and feedlng it to a stripping

fygnes. aed pxralpepg engmaysd preinpiq prgduse oledasend portion of

the tf;]er n?énllé(/i rtﬁ&}%ﬁﬁi i {hetﬂ&ﬁla‘_ﬂ‘&d—tcﬁcﬁéarﬂ@horpﬂbrh'tﬁbgstripping

poi nts bel ow 5 OC fromthe liquid fraction In

tohestri ppi ng zone, and feeding the renoved portion

into Sttih%ulrtl?eg,i Nics rege%pﬁ‘lvtgftioh Ii@at@sy {OQJ %?c‘d&s}u%gﬁ)gplg??%E%Q%rﬁ(aarbon

pyrolyzing the renoved portion to

feydstogkrpedntrgnitid enndesrablei ngkel ipgidors har rmal bigfioy ayka@gkis furnace
fraction fromthe stripping zone. Still further, the
cComprising: . . X
pré%en% invention relates to a process for pyrolyzing

a hydy ocardeding ftee tetiock ©onfiast Riapg prehcesi pratillal ok @onvection

Ry BEERRE ¢ e PeliaSoble R YihE im0t PRBL3) PRiuce

RaeY gakelhuidmaugenvect i on zone of the furnace, and

heating sai d. feedstock within the first stage .

pr ehé’gt er ?ﬁﬁglnér‘gﬁj%te‘é AUy YEEUY 'Y Hlefﬁl%tcf{r”rcgl,ng pjone, and
JuBREi13GhéE hextead fild RSmh i GatikthgBoXditlb® b @raluce a thermally-cracked
t hermal - cracki ng zone, and subjecting the mxture to ,
PPt PRWPE) signiHeaerln glimpided ihshy raetion s@p@wing components with

ﬁdaﬁmma)hlngg@fn@s%s% pyoduct having a significantly
di m ni shed heavy fraction containing conponents with

nor m&) boMithdgwpgithe dempdlyeraBe product Epmyihe Hgrraglicigking zone
&ntl%nj%&ﬁ{g'@éahy ﬁan{I%Ca{(lepraglgéj Si,t atfléefg[m&d%% into jt to_vaponge at least a

thermal -"cracki ng“zone and i nj ecting steam havi ng
noatigyert ahauthernptly-gtackaslagompag@tsGritnnampk boilawpy hetew §37 °C and

L.on. of her mal | y- cracked conponents
%?@%Eﬁ%%ﬁg{&%§$¥§%%ﬁ%§$%1s bel ow 537 0C and produce a
heat el vapmding itguicatedryyoutigyid diixtheautb ayapdrdignelatedator,
vaporsliquid mxture into a vapor-liaquid separator,. e)

ei) re;(mqvmg ?.t edst a  portion ? © Vé{}) T contain ermally-ctacked
renmoving at l'east a portion o e vapor contai ni ng
dongonaltd yitlenankbishiipnpanebdlsw §81 tC fromnid vh@irlliqnid mixture in the

oi ts.cgel ow 537 OC fromthe vapor-liquid mxture in
YR b romiit Sl P reinontd SRRl AE § Esgeene of te
Magodis fedaké,@Ad pbBziag fRdt@cNed3oRRNOF plobecePYotidb g S
furnace, and p rolyzin thek{enuveg gprtion t o, produce
ol efiths. LEHypving the remaining liquid fraction from the vapor-liquid separator.

In yet another embodiment, the present invention is a process for pyrolyzing a
hydrocarbon feedstock containing undesirable coke precursors in an olefins pyrolysis
furnace comprising:

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

b) withdrawing the heated gas-liquid mixture from the first stage preheater to a
first vapor-liquid separator,

c) separating and removing the gas from the gas-liquid mixture in the first

vapor-liquid separator, heating the gas in a vapor phase preheater provided in said
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f) renoving the remaining liquid fraction fromthe
vapor-liquid separator. In yet another enbodi nent, the
wW@e@3an20 nvention is a process for pyrolyzi ngP@r/us2007/064602
hydr ocar bon feedstock containi ng undesirabl e coke
precursors in an olefins pyrolysis furnace conpri sing:
a) feeding the feedstock to a first stage preheater
RhRIe dodeN afd FRMUL G AN a ?@I_rﬂi@n of tht: MEatd MR IGR6 a r@&lifht zone of the
heati ng said feedstock within the first stage
prdrvaterce.gnppyalees deraatogdodas oleligfui d m xture, b)
W t hQiB aw Qﬂh&ﬁ@i@qgé ﬁ(ﬂli@ﬁ@ﬁlltﬁ@ﬁysgva%ﬁﬁd{ﬁ@sefpﬁﬁﬂ,taﬂg feeding the
first stage preheater to a first vapor-liquid o .
seperdalion] (cp Bapak-apdkige amd, pehebisagng He gaoved bavid he mild
tﬂ@t’?ﬁa!l—br‘a%gg {?n)(ﬁftl%hseto' o&J&@ aftﬁeﬁrlﬁallﬁl&gcq{ed H:]O%H&tqlavinﬁ a significantly
separator,” heating the gas i1 n a‘vapor ase preheatwer
Pmovshdé dieivy fsamiidc orntaning enmparets vattdndrest beign@apoineabpve 537
portion of the heated gas into a radiant zone of the
pyrol ysis furnace, and pyrolyzing the gas to produce
ol ef ieps, ajthvatvingribevihogndllgerdckegUprdddat @iomt the termaAicracking zone
vapor-|iquid separator, and feeding the renoved |iquid
?gﬁﬁw?ﬁggﬁgﬁﬂ@Pgéﬁﬁﬂaogone, and subj ecting the renoved
|'i quifgd t oidjackiflg tskkamnigdyvingr acdohprennae rdid i1eRs atiocdt go@dUc éto the
a t%ernal%%;cracked product having a significantly
ﬁpﬂiﬁﬁgﬁé_ ﬁ%ﬁvymf¥action cont ai ning conponents with
nor mal)  boihjofiginp Odndt Seradlv@ie ab3ehstCa Bortivh tdTdhaWhBghal IR racked
thermal | y- cracked product fromthe thernal-cracking
COYIANgNES \y%n@@éb‘q%hr‘gdﬁg}ts_ lyqlqmﬁﬁ Os(‘e%%{p Shedpquide ffactlon in'the second
{bagbﬁ%fd@g: ShRaNhd aiRg 1R tAIRAMLINEnEh rdtiad SaRtor @8RPYolysis
400 C. |nPo t he second vapor-|liquid separator, Q)
Reengen pod mgolarae hedeeveg Pattion éxgrpduge plsfins. 6ad of t he
ther iyl | y; &l A1E theC AMPANRNUR LM kAR Bl BRI LdBEy -liquid
poin?% befOMI%§7 5C fron&?h%uliqufd fraction fn thvgpor s
spoeind vapor-1liquid separator, and feeding the renoved
porti | I f. b YA
B por bl h B HRARE B0RRL ol PASE Tk Sublh B prosen
ianahtin) i snWysiblg to hecreaserghienhyiigoden qontntf ofadit ireqovéned mmydioearbon
second vapor-|iquid separator. As.shown in the ,
SRR B8 fr° s B (iR e, P08 AR St spolefins ton
¢an &8 nidutdaviest iadnavyt feédstoplb $4ilb henitnizingte easenttdieoke precursors
hydrogen .content .of the recovered hydracarbgn .
OGNS FEHAE WP B PR 1in e 1p JReoe cppgiging or even
prigdr@asompridel fan® Wedvidf frattehi erscridiabil (a fraction sometimes called
vacuum tower bottoms, also commonly known as short residue, short crude oil residuum or
the pitch fraction of crude oil), the increase in hydrogen content of the portion of the
feedstock that is pyrolyzed to produce olefins is accomplished by use of the mild thermal
cracking conditions in the thermal-cracking zone to remove the highly paraffinic alkyl side
chains trapped in the otherwise “non-vaporizable” portion of the heavy feed, i.e. portion of
the feedstock not vaporized in a conventional vacuum distillation tower. This “freed
product”, containing a higher hydrogen content, is then used as pyrolytic furnace
feedstock. 'The cracked residue, containing a reduced hydrogen content and having a
reduced viscosity can then be readily blended into, e.g. #6 fuel oil. The result of using the
combination of the vapor-liquid separators and a thermal-cracking zone is to upgrade lower

valued heavy crude oil fractions into higher value pyrolysis feedstock, without an
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can be produced from a heavy feedstock while

m nim zing the anount of coke precursors in the
w@oehy®ee furnace tubes. For exanple, w th rePer/usS1007/064602

feedst ocks containing or even primarily conprised of

t he heaviest fraction of crude oil (a fraction

sonetinmes call ed vacuum tower bottons, also comonly

IAeWPLaBR ifhOke id @S bAUR fRNBE br EJkitdeorAhd aleBdnd AHAARconvection

the pitch fraction of crude oil), the increase in .

fymoyerdign necting opin thp gapssiidpigricRiraleie of dbisdekestthgtprovide

the (R éﬁl%&é#ng:] Qo OFUERIRInChleNSrobs JE cﬂQﬁBlle'set?lE Z&bel?tYonuéemuch

of the mld thermal cracking conditions In

thanerraind onere kinagy zd fieientothae rrviding e #rldghvingl Prrradl f ¢radking and

(ﬁéthlmions 'uﬁil?s& a%isn&esgﬂ@eegﬁ%$ ?a{eﬁteNﬁ.t Q,%E , 9%egl order to recover the
non- vapori zabl e” portion of the heavy 'feed, 1.e.

porabiedydotarbére ifi the dstvydiydmotrbamfoatsiozkd i n a

59 ntignal aﬁpun1distillation tower. This "freed
T1c cS 1011 Of ¢ Drawings . .
pTUé%C%HL_CUH¥HTﬂTﬂggH hi gher hydrogen content, is

thenlm@eai331pywmhwiH@gﬁmrnﬁmﬁmﬁmgdﬁequm$Tﬁ®waﬁamkqmdbnai

i d t ai ni | hyd t d ,
TN .
dridking  @urlace #or fhealingOitHe. hddve Hy@isadatbonf feets it gmild @hermal-cracking

conhi nation_of the vapor-|.iquid separators and a

TORETHE -aBgaf% RYOY6RR ﬁ@ i%hqu bgriede of o\ﬁRErt %"I‘%‘é‘cﬁf“ﬁ%%f’v;}“e”y
ISabderboh brofii@Cha s withtie: 1nihgRedtiod ak the uRMFRkdSe&dstock vaporized
feedstock, wi thout anunacceptable increase in the
Q%Wﬁ%ﬁqﬁW@ﬂFWﬁb?HFMBEKing.of the attendant furnace
convegd;i o §8&ehic AlagfafticpRtentifE hh@RerUmbolintR€of the inventive
vapor-1liquid separator(s) or in the devices that

PPOVT dat tHBzes e pifale peiciduith soherecr and agiaelei @pckinghiimace for

RAPELHE MRyl RRIREESE Hed BURHLLGadicn I UHRiORE _Qr[hefolr Ring the

nore energy efficient than bullding an additiona
lighe fraetloncof dlack ihprgnadimgragkest dab mhydspcaghvint predvehtogether with the light

' ' P i 1O
G LOBP . SR B Henli ook wipditiaa i SRS 4 soparacor.
hydr dd@r bonnktkedenooksof aBrapefliqoeseparpibr ased af the myention
Dr awi.hgs ,Fl G is.a sch tic di am representin .
the. pidodas F BB RE B akerrest Shalu FRIFRCR e ed in e
intaneind.i ve process that utilizes two vapor-liquid
separataqrs and a single cracking furnace for heatin .
Che. Ry Ry s RA R URET BOGME s s APUHE P SEIEER] g nventive
166ed4 #h@8 the altgmhiadradqiino by is Ppictiepsiré@hbds the dpbi-Daui@beparator.
the thernmal|y-cracked, heavy hydrocarbon product,
Q@@gﬁﬁgﬁgﬂﬁﬁﬁgﬁﬁébpﬁﬁﬁﬂ-fraction of the un-cracked
f eedsthetsaMapRItdcaRdn ifbedt (8. Fiyi®tar¥al Bleddtb@Udditaining undesirable
separator. FIG 2 is a schematic diagramrepresentin

2 : g .
ke PREPSEDOBMNENEPTSE & 17829 Al vy hadiprpbenss liygiples of Suitable

fetdsldcEemcRdS IOhE nbARRked [HBhdoSRRR! @10k MALHBr $hdie® heavy
cracki ng furnace for heating the heavy hydrocarbon

ydengatbgn sieaniyeirang F{tIRTYNRfOLSTFEi YACHHE 2andils bepavyreae Rilngnd crude
ﬁf] %!hhg%m%feé%cﬁdﬂ@, Rt afe o HREEAR lay 'sgﬁﬁé‘éélf ed, $NaPYYshell Middle
ydrocar bon product together wth t I ght
Distillate Synthesis) heavy ends, GTL (Gas to Liquid) heavy ends, and hydrocrackate.
The invention is described below while referring to Fig. 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 destination within a process step. The olefins pyrolysis furnace 10 is fed with a
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fraction of the un-cracked conponents feedstock

vaporized in the vapor-liquid separator. FIG 3 is an
web@vatioon vi ew of a vapor-liquid separator useAI/UR200M@64602

invention. FIG 4 is a schematic view of one type of

t hermal - cracki ng zone used in the invention. Fig. 5is

a schemati c di agram representing anot her enbodi nent of

i@ dineRlde Vv QSRS SnMABL it el &m&{@hm%@ﬁﬂﬂ fisbeFRMRater 12

i s placed upstream of the vapor-liquid separator.

PeatcanYesHorEse - pt i on of the Invention The heavy

hydr %@rfgg@tagg %Q:héa{tereu in hﬂ@ééﬁ‘%@éﬂ%ﬁ @ecfu%ﬁ %S{yﬁﬁglly a bank of tubes,

cont ai ni ng undesi rabl e coke precursors”) nmay conpr

wihareip g aohtehie av the fyhgs @@éneaiefhenm@daﬂwIcelsveotﬁveslmtttwlsfer from the

IRRANKACKS LOGhHdEm O 1Ry 10bich) 0 URpLENa@IBAALe.  1n onc

nore o ort residues, heavy kydrocar bo

@ntmdam;lt fas <blm qredd @balyl/qulmsé@e fev@msr&magds thopugd, the first stage

%re ea%r qg <1éa £'Q d’l ttemperatélgzsw 1(}1tp es € l es | n tH ?éedstock

\Mlltdadbae/u{g ®k¢: bieamreorSym lixesd sate h@&ahave ﬁﬂmd ttﬁfrtatn @amde 011 and/or

e e REBERdS neAndle Y HIGSLACKRL Bie R GTYERLHO: rsidue

firdckitiset wisith 0m nGf proMiere icoMBN N 0B firsk btapSprekeakke. Annahed Sér@ﬁhd coklng

that the sco e of the inventio cl ude an

AR P EPTSF tprBlBh%s@ depafiiony %‘gﬁ%{se‘ép YQTQ%‘E?P?%%’E‘HS tncluding
BFs0CEIRS afl eRbG!. Mehwaeh: a Wasahfabedn e vEfls Tthe heating tubes
destination within a process step. The ol efins

PhTientipdy dingipishes dhe cping phenognepr i thefighdagsi nrehspterivhgse So long
Rithe Adaffd LRNSeCRONRI NG sBirtcft Idui®BAGF LVASCilyNHR cbiaﬁg of those
first sta reheater 12 of a convection zone A The
Sfurfla%@tSl%lfl%igéngr eheater 12 in the convection section is

typi Galhy ifhiP@BK of)gol&ﬂgbﬁ %bta‘ﬂﬁg b§ '11%11ﬁlliheth€ Q&ﬁ&%tt?re o tﬂer}%atmg

tubes are heated primarily by convective heat transfer
furfaenstang adlovtherstuiteces ghas thlitinid frdchioms thifeproadicagpking come into

%g&'&t:q\glﬁl qfhe% i @Xélﬁ]%%ihl%lat UhARGR: ¢ é{f{é ?l pp)?lg 'ré‘gﬁﬂg ’fefedstock

crude ong resi stock trave
it heayerhin thdBrsf stngt preticageofpthe hemkeronl2ne bd as te anedti@aperapures of
tﬁe & ql?lg I‘SIEI Ak seiih\ellw\ivguqd Pes&?nt eﬁc%elgr\e{f?l H%(r)l?et cﬁeogsu%n (511 t%em \afﬂl depend
eedstocC 117'e |'eaving recursors i n
whoatle. paeuhavieds ol mrdi/dirhatg mlﬂﬂe faedstouk eompdsuﬁn dh@prekmreg)f the

esi due dst ock e to ful evapor at e
B ER fubB ot bebint Feerduetadda Porrdi Gl BR G avia
RPAraPH OO UL 0O |éh1l3gd1hlﬁntt be ki insdntish,age dpidhedtagd/or Rﬁlg residue
used herein, coki %% is nmeant to represent fouling

fa%cﬁt%m GRS WBE 1T o B DTBhea4ea b dpReTaBe; at et 30°C. and
ﬂl&% M&Qﬁ%tﬂ?ﬁ eexvl\t;tlg Eer?t? tdl’i:gl{ EQ@ 37% nfr@in%ih@lgerﬂbdﬁﬁhent the exit

surface o eating t
smpat@rt dif alhd fgeddionk Aomhbsfitsheagepkéhagepk éntberemgaof abotty5°C to

b SR RLDER D, b e b LB TR s
feedsek insidettRenb@kirmge @it $hRSBeheater changes over a continuum, generally
rising, as the crude oil and/or long residue flows through the tubes up to the temperature at
which it 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. Tubing diameter, pressure and
temperature are adjusted so that an annular flow regime is produced during the

vaporization, thus keeping the wall of the tubing wetted.
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surfaces is inhibited. Further inhibition of coking is
obtained by limting the tenperature of the heating

wa@owo7ac®eo and all other surfaces that the |i qupdI/US2007/064602

fractions that pronote coking cone into contact wth.
The optimal tenperature at which the crude oil and/or
| ong residue feedstock is heated in the first stage

pr ehedt: §fres@iire t1 @i HRVIBST R #ORGLed 22 3$ nbOpAYQidly limited. The
tenperatures of the heating surfaces that would result

resseecufter dreddsicines Melisast 15i SsRCTely 1B 2 (ingq Oldépdte27.6 Bar,
IH&% rdf8 1P AGR U 1-¢5 ¥ @G, 0 | and/or |ong residue

feedst ock” conposition, the pressure of the feedstock .
in tHe ﬂilrth@tmlgblagl@ m@@i@eem end depagitiethel gnkef esperailyein drdradiant

2k 0 [ r
ORS00, AphIantoRCield 1Ak RERRLALE (Fllip S0, i
qoasictioe sefceemj sf the Kuingeehe dltletibni gas fshted fto ﬂ@t fusnta@g elost commonly to
(pnreceﬁatr1 %%Eeglgo r e er albe)&leedtsto&ngeee&lg% #r'i \éa orézragl rllJ %oene% %n001i1)01ated 11t1t0 the
ShbecliGh sdcnomof@t Iir}edslyseﬂfmmcﬂﬁm the ehlbediaxnts dbenpeat &trein ghofeed of

. feedstock fr mthef stage preheater is jn th
S S5 LS5 WHe bR BRI R T i ey bfcaer
Aﬁ\}Egets&ﬁﬁJ et aiddrvehl(‘ﬁ prhﬁte@ thecke a@irhticand /gy crh@n@] feigdrdore residue

eds ide the tubes of the first stage L
%?‘gﬁ)é hec H‘i‘ﬁtfé‘sgaév d énlﬁ“d?f{ CXIERALLY é‘gﬂef’ﬁ%i?t?;}n rgs@pliing and
Iaenﬁahﬁlgcm@ ﬂewqeglmarw/mrfeécmwk iRSiglURe fub@WMShdréyaHgRibbhRmain
tubes up to the tenperature at which it exits the

Yétied ang ﬁ%?gféa ﬁfaeﬁe%ﬂe\w Exgmples of ddptioppgagesiage HSey plearp Hpethane,

1i85RE! RldeSeen ahd hiieraPXdst TOAUrthePhssthi@ fdds®tk S¥a@Btion the dilution
preheat'er fromthe convection zone. Tubing di aneter,

§96 €8% by eUnpivinOniSAEat Diicablight Refolidicddmae tepdock such as ethane,
ﬁ'aﬁgﬁh qﬁflﬁelr}QM‘ff rg@sgh ab@ni?:ﬁ %Qééﬁﬁgo%?htﬁg f’l@ﬁzrably the dilution gas is

vapori zation, "thus keepi ng the wal the tubing
dietipesicahe pressure within the first stage preheater

12 T i Ehin.
| ?I n AR Lp R fl'nﬁg) Ijréé dnlgTi & o' e Iuﬁ{gﬁ%%%?eﬁ\ﬁ“g'f rﬁgﬁbog steam

rst” stage eater I'sS genera
tﬁfmSy He Bhled Rythé cBae oil mod/er long feerdab Ifej:ditoccb:rtn alipoliinst stage preheater

1-12. 4 Bar To fur i nhi. d n .an
g %%)oknt 81‘101‘ t]Q the %Xlt O etgp as 11 CP ml)ﬁurteﬁfreoon} glgl'igl‘%tts 3§e é)tl‘e cater, but
pjéfetabsz dtuhen ac@umd th® p&ﬁsatﬁttulblﬂg fiuse prapor wizad irinl O/faporlzatlon

uid feed stock in the convection section t he. .
tfeéﬁ‘ﬁ afd e theap‘ﬂ?‘?sﬁt T IR UG8 AnsaiRlr {18 e ’rsn%}%‘g‘ y HEES‘P“ in the
EowEarnl th i ﬁloﬁi‘l@fefél‘re(ﬂf@msodiﬂéﬁt] @ngiofktchiias file@d&le0ak the crude oil
heating and vap atlon zones |ncorporated into the

2’%%% rﬁﬂd'é?e%?‘% of e %S?? YP3Fsrehealsf Al 80inf prigyl Lo pyrolysis
RFReITRAlSe1¢ 85CHskBAH oh@E Gk stabdrehcard Birthdr, kimilk @lﬂoﬂz@@ls not
IS a streamwhich is a vapor at the injection poin

Tetitydt ih s prgfpraqd té%tégexwgeﬁeéﬁ % be ysad togas t%%ﬁﬁeaebaqﬁé%feedstock

WY 4 RECARE @Sdll RGu@NRRAbA: 0P RuRfhelBE atltidH & eBinl 13ANGHQY vapor
| ong resi due feedstock. The dilution gas feed injected

@b@?@?fﬁm flg,st sihgrovapeistiqpid sappras 2a i pigpy Repngse that the vapor flowing
t he t f}% Itlg] &)ﬂf1L Qlwaglseewo()@ltso(ﬁev&t aﬁ& Q§ E&Ellénstah&p&gg}s occurs

ere y the tubes remm n
on the walls of the piping connecting the vapor outlet of the separator and the furnace

heating bank located downstream of it.
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 a

temperature above the temperature of the crude oil and/or long residue feedstock measured



10

15

20

25

30

wetted and avoid a stratified flow Exanples of
di lution gases are dilution steam nethane, nitrogen,

woyarog®eo and natural gas. To further assist iPCT/US2007/064602

feedst ock evaporation the dilution gas can be
suppl enented with a typical |ight pyrolytic furnace
feedst ock such as et hane, propane, refinery off gas,

ANk YRPQH Fifl (Fas@ltd AR B¢ dinRRRtRadocEmef @hadlsy, ,mctra ?referably at
dilution gas is dilution steam In an optional

lprse £21(r ehpve thyoutideerit ansiortlpee iepiden feﬁdﬁﬁockaem%@tu@f at the injection
u c

I?%cl)%tg t]“h@ tu?e g Ps%o??%ﬁg*lﬁrlgrs ilﬁlgetdaﬁlﬂ(iisg}lgrgﬁlrabg}’wéﬁ%ent to

dloy ipm:tmn qmer i) Mldla)rangﬁeofeﬁcedstook fiolveragas 1'ypiguliddutinnxgagd reessures

%l(rc)lg I’to t%encr}l ne (%11:%1 FS)rr %Hlé aeirs? ug?tegstbckba% wﬁl{u%ftt?err%r? Ieyof \%}j]%éérgéaB ar.

i ni tileiks deapbleit@ add djhnub@gem uft@metﬁlns& sqape pxesﬁate@fand/or downstream

A B AL SR PO e B RB Eh0c

tdd: krAdlidn® @eogb@ a?ﬂhbba‘igh&hgl%r aafidﬁﬁaﬁ ?e k. cPruenboi tlhﬁ aRLAr of steam
resi aque 1ee oC of the I r st st ge pre eater at
O DUt s | by S 4 i R BTt ot of y

dOVVnSIthE: qRMMhed Bevdpofigdd ®hABRenly BN aieliquidHitth@ within the first
while a nozzle is not required, it Is preferred that a

PiEheRtsh Mep 22 13divaod b C@%téalﬂtgothﬁnf%dﬁtﬁ%k e ERREFYUE e quantity of
SprieAa t@Gkon didan §dd@!i SQdREetRpESEd & FHohA sﬂiﬁéfﬂe@l@ﬁ dilution steam

amount of superheated dilution steam 13A to the vapor
aided &t theferydeeoif pndéer lenemppsidya frsrstplkqini e disp araae prehgger b and
(&r“ql%eahpofqpsur e that the vapor flowing to the furnace
ating coll is always above its dew point and no
condéimsatlicomudsfoit aadmr e wesglug diecdbtecknls Ibsergtfeate ¢o piodiasg: gas-
t f r e
RIS SR sl 0 lnef yub BreRERA b0l BRELLRSe vapor.
li@ipepatior @0 afa hdaead@ai; liguid migas. iThe agpoaliquidisepanator removes the
%t\{%lp(?rézgzg &Q ]{thP él?e:: E}}l(igleo(%ipg dZtrrlgr?%rr%elsﬂlsle Eer%g,? eholcs sS\!:w C?e awn and
s&par&etﬂ ﬁﬁﬁﬂhatvap‘oﬁzab@ﬁ& dfhtee tr@dPeil ahdiorelond retsialee &redldqhe vapor-
and/ or | oﬁg resi due fee Cﬂh}ﬁlock asuredat th
#ﬂﬂde&ftpﬁ%‘wr F6F AE A0S SERRHPTe RBULNE H&Y Pl?euielpﬁafﬁtoéaas %I’éféfélge or a
fiQtio L@ 6 QI8 %iEe cmenlp ruedceinalayy afl pkRasing? 9ke amy—ﬂiqﬁlh%eparator
crude ojl and/or |ong residue feedstock t enger ature

G s G PR ChiTS 151 SQITTL DB MAIAR S Bl egeparator

Aatth® aGlEC i gtk Yoltb ok @k, sepathtol, or R 6p Sh@ptakd Shefel £ ih8 Product
to allow injection over a wi de range of feedstock flow

Fagseit tw&e@éFhedpw%ﬁ%twowdg%\%shawwsﬂge"vs, added to the
crudepygi |} ag@f‘ﬂcéu@d’ sla&%orr @férzgfﬁ% t%ﬁlﬁgﬁ&lﬁﬂplfs AlrficiWhet {?9' Hlafnha%l the

range of Is desirable to add dilution
tsmeqmurmofothte@Sﬂlqulétmsmg evithire heatege afnd/5¢ t@o‘iﬁaﬁ%@ r eraferably

in_an about 0.5 :1
Bt b B gk B BB R o 4R by eny
ﬁ%flts li@cludiag ifdesaghe meg&ﬁperﬁtaiel @She RBAMR KSR the furnace, by use of
Pref?rabl y .the anop ﬁL st.eam shoul d not _be ?FS th
a bgl{cr

Q¥tesn Eea}{ ﬁgchalaﬁerssat 9 elgﬁng tm%ggpbgﬂw of the d11ut10n steam

routed to it. In a preferred embodiment, the vapor-liquid separator is described in US Pat.
Nos. 6,376,732 and 6,632,351, which disclosures are hereby incorporated by reference.
In the preferred embodiment, the vaporized gases from the first vapor-liquid

separator 20 are then fed to a vapor preheater 32 in the convection zone of the pyrolysis
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The percentage of vaporized conponents in a gas-liquid

m xture within the first preheater may be adjusted by
w@omrnoioke ng the feedstock inlet tenperature, PEEUS2007/064602

quantity of optional dilution steam added, and the

tenperature of optional superheated dilution steam

added to the crude oil and/or | ong residue feedstock

fufhatd e SiESh i8draBe i eheahefe di2haRFeAOWORL L Sf?f&hp{emipérature of
Once the crude oil and/or |ong residue feedstock has

Peert A datermeynpyroduesadrages 19 gure T/ xEufeortian qf ghe stream 34,
%)fv? dg and 1o/ fﬁi%‘. ﬁd&h}!f Bd rodled9for PefnﬁJ%?ﬁIrﬁ E%I%t}'e(l)g BHEE stdol& vapor-

o a vaporlig separator 20 as a

legmgd $eipggiaiort titha spcend Shee wrelivater Pl duubd pyiepyagdatooplefinspplhesmajor
n i 1], 3 | / l,or

s T L

tbhesistapdrei wedigasest dtrmdig-coackeecatonenie vath noong boiling points

fefoi gi%eod‘ ge%gr'ateﬁti]ne th¥ %%ellll—c L(Ili(l% SERM A t’I%E: n?ajaoq pgr%og W the vapor is

Separat or5 Irncluding a cyc one Separator,-a

wnend mithubeliquid 32 ffonadit itomabl onckdevione 36 omoinikipg weede 4 Any

heavy oi rocessi . . The. vapor-1|iqui d separator .can
BB APl P B 3o Siup PRGBS Ot p s S AR S s P
N@poLs,ex dhsultibeutcap of the separator and the liquids

exit the bottom the s rator, or a to try fee
wher éﬁt"ﬁ?‘ﬂ}ﬁ‘g SpreY g% fepﬁlé’i‘?égg’é YAPPHTHIwY EFé’arG%r tg-ﬁéS Ra (6 fhermal
&RRafealon 36.UTHe 8RB QWRking zbh@econdprisde vaaR atreld @elipgbduct may
separator operating tenperature is sufficient to ,
et AiCeti 2 £ HEKINE NPT dvi dBTiCq Pevegab Ry Buvgd iR achigre the soaking
Wbl poﬂeﬁ%n?l@,%ﬁnﬁfg 3 i%.% 1R odafks vaREEEAI R WertWat BHLA 60 that is
t he range of 4000Cto 5000C. The vapor-liquid
toanpsedatigetly edre hodord] i rdep Gyryanipl pedoms, whasehg dinwg separated
81 HRARHHGoY RE c§ GERET R Wi ctRf ddwtvatEEHSTHRGKe foh OMitleNtBum. The
furnace, by use of external "heat exchangérs and/or by
ligwed eapieragpre lrnd residongeatime an dlre dlupwatefadivsed dp |tkringly crack the
: i ; i t .
BREE ARy 18 crlom Tl AR S AT TRy oI conuolling
B¢ 3aBper8Rreanidliglié 3R, BS Hrumtvindior diysaingsiling sitsaresidberefoye. The
SHESHRRCAL B, Ml SR ghdn B sPSO Ry by acyusting he
op@paing lidnoperaurs eyp alicat yeton2 1adbevd heind fiedrdside@evapoin the thermal
reheater .32 in.the convection.zo of the
BTG it Fruaed T GRRERT R ERTe! ehd nsnunatiyy gveone
©ipéBRresinh e denchit@imed by Ypigialy dfenpas atdh & ©f rcablatite ha i€lative

to a Xi mum t erature not to exceed 677 0C. A

PO S Ser eﬁ@g Eﬁ‘r‘té)é‘rﬂe%@, tﬂ@ﬁ‘&/\ﬁu@é i ﬂ’@aﬂﬁtf clppe gadghe second
FRnb e AlB a6 mhPFe InRIRENAD WeSup@htiQl diRtiod Rears @tPRGouted to
vaporliquid separator, to the second stage preheater 2

the {igst peelong ey §ppbal ¢f sheofisk gyiglone Erwerig] s Andotseedmglygontrpleot the

e émﬂa§m{t@qﬁeetqeryﬂaacrhm% Aeto the second
vapor-liquid separator 35 in order to assist in the

vaporitaganit sandifions prethagcral eragkine doredhes aneltresulijin lpcalized areas
(ﬁotﬁé'{ﬁla} pﬁ&l@iﬁ%{‘&eﬁ%@@ e Eﬁ%%%a&%@ﬁ@@%@&% 1?&11% Rstable are
t hermal -cracki ng zone 36. The nmjor portion of the

arapsled by giction of the rapidly rotating vapor phase above the liquid level in the drum
causing the liquid in the drum to slowly rotate. It should be noted that the vapor phase
areas of the drum and the cyclone above it are not isolated from one another. The
connection of them causes the vapor in the top portion of the drum above the liquid level to

rapidly rotate. Rotation of the liquid in the drum results in sufficient radial mixing action

10
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m xed with the liquid 37 fromthe thermal cracking

zone 36 in a mxing nozzle 40. Any m xi ng nozzle can
wheooadem20 but preferably the m xi ng nozzl e desPCT/DBIOT/064602

US Pat. No. 6, 626, 424 should be used. The liquid stream

15 separated by the vapor-liquid separator 20 is fed

to a thermal cracki ng zone 36. The thermal -cracking

B AREn AP S8 cﬁ)sy &8 6hal W6 GedidAcdfiRE UE theBih BB the cyclone
subi ect to a "soaking" gerl od. Any device or vessel

Frgls Wewpgad thrgughicth drpg. e§émglieﬁ@m'§g]pti0§§nx1% fction in a radial or
lﬁ)?ﬁ@gméll%reétﬁ)fn% ﬁésﬁgz)lé Qlellt:ﬂcQ or ﬂxﬂélnﬁcﬁﬁ&hf qguﬂ’cﬁﬁ?&%le qupwﬁﬁresult
a vertical drum6 i's connect ed §| rect
ipsoR-omf@mregflenge tlmp Oéplttqhym thei thermeleshaking, zomm@metr@‘h:és downward
PAS RY e I TS
iy Ry SREEBAE 1 R WRIEAPEI D arbd el QA bihiing i
mlnqullzeld bsepﬂpemsthcte)naﬁ dhe @gmotezmmert supfethainthe regiodf thm lamgth, L of
t?‘fﬁ hermq cratc%n% Q(?I{%:g?lrt%la 1nt§1£n§§(ilamggr otJ t cémréloﬁf?gahqé EQ%Xatlos of at
least Ble:[n ieantd aitHougtga Lieratie nb@oﬂnglfeelsqﬁefénrmﬂw din't he
drum nd/ort controth its r Si, de@ﬁi’ tti ne. .The |
t enper’dt iy 8 16 VRS 1'haf 0“8 rf‘é)éfk ‘hg"% oM Ohthe gy elpe along
Wwish e miytidl 4 ﬁﬁhlbarncam @f&hpdi@eatdde;te@maﬁ ai;ecwg vienger3atiy rP\_eg 1 (line

1 above it and t si_dence ti.nme
ia Y I DE Tk PHGE 2516 T1edREBHPGIN BavB S P hgvward in
Johﬁtefchﬁéﬂtd]ol\xeb()ethe B4uitl Mot @viiironk ke @%i‘dn@n@hls ﬂow of steam is
erature may be controlled by a variety of

adipsked 56 tw iy g@fm not Pﬁt@al]{l Mathrip oyt fiquad spigaitle lggttom of the cyclone

&HR f@ﬂ&%mﬁwa&@mﬁemtﬁé@ma&e routed into the
first cyclone and the second cyclone. Al so, water may

be i Aje&etingiagapnte Hihd. @eﬂwmébt@ad@d Prodpes ko éatheserand vapor-
lllq%lcf &Bﬁﬁgr L t3§18 fwjagl oF C&Mﬁlt ane TﬁlQ KecoRd (lﬁﬂ& halfud ts&ﬁlrator may be
first cyclone t errper ature and accordi ngl'y control
tidar tntet fiseyaper-bauid ecppeiarhies. ithaanao ey acidlone &e@mretor As the
) a i t
AR BREd PR L B R ponents
Witie nd)mqu bdlitg ptnhe le%ttkmt SHFC dawsthedigutd leavitge deortermal-cracking
zlo%C a{ is )rélasuag%g? regi astge g\r/no Iega %r% eP/ (ihg %ﬂmg IilfiaVIHé t?eese{:(? Ivgl{)é/r liquid
s(épamnoﬁapsiﬂm@ thiite)nlyl audrg liited hlﬁouiit ufmddmo&hlaw:rmar maadi@ is done
d il%e t hat th aEhas areas of led.
“t he' 81’38 gs &B‘Eﬁ/ St 08| létpélﬂ’of?l% rﬁon“o ©
A)cft@rcﬂ;lig@ji hejuenchh@refin MN@ed It(Dﬂtpﬁliy fehﬁm apaUSRMm] tHeaeMpptre of the
he top portion %L,t,he drum ve the Ii%l#id | evel
]f%“ lobying ‘5‘9 PUPRT ¥APORAUS Parrabt oyghaay Goe et ¥ rvecl dpay e used

o @8dé]vie $hd dhiehidhbdl 1iGui@ Mony Bl g@bnm%pbpgq@@&dp@ﬂato@ iTRIpRif@tddl to use
a uni form cross-sectional resi dence t| me as the

hrerde! firghlocHed eRtersa@ thy %@%trdsva@%m ePPEFFS digHhe wrpose and
@0l Y tkﬁ GaTRAR B éﬁrlﬁyﬂtab&ft 3% Xglre]g.fhﬁﬁtlé Qerﬁef'any Bccepted to be

rad| al or hor| zontal direction is sirable, vertical
pemgsiagire wa@km xignidicirg amodesif tizebhel, crakingtwilliti{e plass.ulAtquench

sitllgarﬂgﬁot slﬂ g]é)rgdsﬁtcgcf bYW etlhhﬂg %n v\g&g&h of Hletlnl 1dt &%[a%d in the

Cracki ng ZO e
drum underneath the second cyclone, cooling it and recycling it to the drum. Rapid

quenching is achieved by introducing the cooled recycled liquid into the top of the drum
above the liquid level via a spray ring. Hot vapor from the cyclone above is prevented from

entering the drum and condensing on the 320° C. liquid by injection of a small flow of
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in the drumand therefore is to be avoided. In this
drum design, vertical backm xing is mnimzed by
w@e@par79sel ection of the drum di aneter such t hBECT/URE07/064602
ratio of the length, L of the thermal cracking zone to
the internal dianmeter of the drum Dis large. L/D
rati os of at |east 3 can be used although a L/Dratio
sQl erfleddld BB tednS 4P S @E Ehorddd RURVEMN aPSle NERRUySrideNo form
e cyclone fromleaving the bottom of the cyclone
aalvawg teh betigen thgudrgm Hdsthe cyclatep WiileotnysdipEbHemn cangused for
i'ﬁ:fegtﬁm (stthls @hﬁa‘fﬁe%%d‘é[e@m 1hﬂ89[hél-§)% ﬂoﬁlo’r:l' &- thé]'dl(lh‘J ﬂ% gl%férféd to use
Ig. 4) into the vapor phase above the liquid [ evel
thixéisdibuier stloivahn Fizotis upward in countercurrent flom1to
the Ig d, I t clyo [ f
st eam s ggdftaug%lgeg %Wﬂhé lﬁﬁ‘d ﬂgcsh&%gtg 12(?1[? rtgg rﬁg’cv(\)/llillt1 EWP& liquid
@pa}rador gull dypiedly i ieguseth eas kfgtlt @tnoofcolteh deglyal bheentdosi gagifier for
wid to flow upward and reenter the cyclone.
errlng again to Fig. 1, the thernally cracked
pr odukhild shefiedntican dthehissemamebny dexign isqai db s@ﬁgraaltdrthe thermal
unit 3 f. condui t 37. The sec nd vapor -
Sustnestiof ried oty ot SRR PR FROR SRR rhidence
SR e abakollel,. £smdll pdfayh &l th@inb@dad clyﬁﬂlam BfaCkife pAthatfaxistock will
|ntent|%§wﬁ%Fthe second vapor-liqujd separator

%V”taglyroéﬁ’ﬂv‘%“ﬁl PRl RS e o HEA S PSRt Brompfracking

Wil ddr ghddQhd feadét@%slrith@dah&ﬂ&nfar @H@kﬁﬂgetellnf)&hlﬂuﬂzs M tRGmixing
t he thermal - cracki ng. zone is desirable to reduce

RFele tab iseptafree oo thet et WCHW d"mﬂ &4llinel StoRengb fiyngacked pitch is

%Ma b QUi SRR Alnerdi @ Ib?laysp'igj tihatn 3l Mich ad&Vulator drum
m ted anount of additional thermal cracking i s done

HdeaEal thssegand qui@rrewnﬂa‘*@fv% Knerghe espidengh dime of ey liggid is small in
éﬁﬁfb%hﬂﬂat' i$ oYt RPR %{e}‘m&l(%%f(ﬁ% lte%‘fberdﬁﬁgso&{i’él&géﬂhe tHermal cracking
guench streamis used to rapidly reduce and contro

1ohe teenpele dharmel ghckitgeis|doge pesideal theghtrhel sreddraizone. As in a
BB L SRR AL A R e Splcrcn
@emmhdnw@pgﬂkaqaHhmssbanmkmg mlmlemkpweﬁ@rmedwian@sbﬂdbm
a vertical ddrumloc tedlu rneat h the ses

re ulres edt_and,in_unhedtéd vess an ing such as and its, associated

H I'gquid separ at or Hat %urpose and o cont or

ftthpnteﬁt‘rwberrathﬂrﬁall dnacknigds dilkilllg] pétce athe utaci32A0iqud tefératard ®ill be

| | ted to b ter t
LT R R g A o
@hc&e@hqlﬂd e everset (heamrhimlQiackihgWoe wisl Hor@iiversl thto 25°C. For
UId contaiped in the

w t hdrawi n ortjon of the |

f‘d‘ﬁ{ﬁlﬁ%eu?wffé‘}l’%@&{fg {‘HQ O&e&ﬁ‘ﬁ&’eé’%’l i fSOBPPRGAY] sepptgtor and this

wmqy&idcag hédvy UiQuide nélirkyhe BaRi ehnpi+RGEINANG thén RE MiteWRdhermal
i ntroduci ng the cooled recycled liquid into the tcolower

%?th%eloa‘? uHPBOET B eR’et of Eil‘ﬂ“é?fmé]\féiwkmgam%e ¥k beyabptrg.
diabovapor fromthe cyclone above is prevented from
entering the drumand condensing on the 320 C. |iquid

by i rjheédyaprgepf bavis secomd gapasflisiuidsepredpad tadpd abig tepperate the

L p@s@ﬂ}@ejﬁeh’eﬁ&%t %%r Redt Qé?n Rk Oﬁ’S% of 8€n %Waﬁpﬂ)ﬁ?d M}fe&gmflcant

Ing to m a por barrier betwee drum
colthgtiprenagige e An\ppieang added iadvanfalge isohatdbmvapssekdfportion of the

feedstock leaving the first vapor-liquid separator is readily recovered in the second vapor-
liquid separator and it together with almost the entire amount of dilution steam injected
into the furnace convection section are used as a lifting gas to promote the vaporization of

thermally cracked components with normal boiling points less than 537°C from the liquid
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injection of this superheated steaminto the top

portion of the drum it is preferred to use the
wale@ounites or shown in Fig. 4a. Referring to FiBCT/LIS2007/064602

again, the liquid product 39 fromthe second

vapor-liquid separator wll typically be used as fue

oil or coker feed or be sent to a gasifier for

Bashd ieath@mal \WickiBigt RRel NhE nﬁﬂuﬁg %JJ bR AVApRARINon of the
design is to do nearly all of the thermal cracking of

R opedatiscliauichrhapreby ievairg the pHER| Hiyswe AEapretoponents in the
\taﬁﬁpﬁ{a% M{de[hé'% LRV IRNCR \ta'pm?zeaart Fovind? %rﬁ&:ﬂtﬁgs 1namt§c'm1nl: same
portion of the intended thermal cracking o

Weedet ookrivg fhe rirgsewp oh sl syngésceampopent diqdid erllﬁ)ws hfetOt tiodraial lower

A . . .

SRASHELTAN B3 L ARPF SR ARG GATEH DAL v
weé@%nmgmﬂampbﬁammmegswnsmgbmtmennthm@smmnﬂbehﬁmguhsinﬂw
%eﬁ%nngagg{(P 15 s?paﬁatgrs&or%%ﬁlconeelfrt])ecause rllle rcgg:lé cI o(pmll)'lo%tents in the
licgmpplnae l]lfraemgytha tlﬁenhaiycradld@ tome talne ipidrg hoxacmucrmtratans or non-

S R 5, A PR B S ST o 02

Yapadtlidusd @E@ﬁfa&i’rEEy alaxirhieihpahe amhadkion gifirenper at uécgﬁred operating
out si de o{ the thermal crackin zone,.ven% [itt
CHEFHET BF ARG S BUHEIBLESPOR Tof HETEHGr ) accordingly e

Sk asikityng cé%‘ﬁrmﬂﬁ)nllﬁl th@d sesHN Qﬁﬁdril)iﬁaih s§1ﬁ?&f@f is also minimized. Still a
self-cooling of the cracked liquid wll occur while it

fughesriehetisr wg i e vaePaliaihipPRIg LIS dhat Hedlirgp the vapor leaving

®F AEKI B liGui@BepRRAR NS G RIRAAE SipeAatled nﬁﬁ@é&lrv@cuon section to
requi res heat and in unheated vessels and piping such

agvige gargeepl derpqratgrensellowing diy eeuPiiene whisve adpgtalply high
t@ﬁlﬁ&gﬂuﬂg i Se ts&léh(ﬁ]gaﬂglr ﬂ d sé BTk erﬂlﬁg‘:ﬁlbsq of thermally cracked

terrperaturevw be re accordlngtothe rate o
ohwongts fmradicllmgld lq%vmgdbﬁ tlhsrrmaﬂ breckiegyserat ure of the

Efg\é %(Sllﬂr‘;cg %gég;ﬁ:qusé gfjfhg s@c?)g%h é)t ﬁ%ﬁa %%ﬁrattﬁg%%%g&ggér vaporized light
tbmamﬂyeracmdtmmtsaltm pedudts whGe @@cmaibylhbgpcumi@ drei elavh&37 °C by

L];]sle ro% a lflrg am ur%:)tg)liJ Irlllgté agrtl%:t t%ﬁlggrg%{et Qij té? \gl cllj)ché QI{I quuld separator

&mem:ﬁﬁdzﬁﬂ&ﬁnﬁh&mth@km%lnﬁ&ﬁdeﬂg&mmnB7(Pbmem&mwmyaihghm

out | et o cracki ng zone will be abo
Bhrrair e U 2beHOe YRGS ABENGR RV & SRyt
P edlof thd thedimSIBPALEE prodtctd @ith @ordlal Boilife @RAE BEl6w SBEC. When
first staq reheat er at nndestptgnperature 375C
c

By SRt VR R SR Sy i thegichgl s rt]i’reé{IlF‘{)ﬂaCklng

doRe khill tyPRRallyTROMmt B Fangdeed sadyant@gad tie sbdvatl vifie-liquid separator
vapori zed portion of the feedstock IeaV|ng the first

SPa sl @Reaqﬁddmsta?)aqng% 8F 49& 1oy B4 y The EBge PeaPsT4iop pd the second

@? 1Y 8afakdr A1 CheSIR PRV kA thaMibrinhl &rRASTNSIne Mybfally between
alnost the entire anount of dilution steaminjeéecte
about 460 °C. up to 537 °C. with lower temperatures being preferred to minimize coke

deposition or fouling of the equipment.

The heated steam/gas mixture exits the second vapor-liquid separator via line 38
and is superheated by the addition of a small amount of dilution steam 41, the mixture is
then fed to the second stage preheater 21 and is heated in the second stage preheater as it
flows through tubes heated by combustion gases from the radiant section of the furnace. In

the second stage preheater 21, the mixed superheated steam-gas mixture is fully preheated
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into the furnace convection section are used as a
lifting gas to pronote the vaporization of thermally

w@re@ckhe2conponents with normal boiling poi nt SPCEES2007/064602

than 5370C fromthe |iquidleaving the thermal cracking
zone. The lifting gas pronotes vaporization of the
conponents in the liquid phase by reducing the partia

BeHSH &t 8E10WNAS/PGAIROA M sidhifi AR MARRILK PRBKR: Atflassociated
thereby all ows themto vaporize at | ower tenperatures

GoKe HERSHILIOR & @ﬁ@é@hﬁﬂﬁr vole oraie e griraddegh sdsgpentiyriioys to the
I%.hlgﬁl %c&moﬁl?(ﬁfgh ﬂng Wod o 2 kH O fidst p)trQl 001 thmale @hér@vvﬁé gaseous
enperat ure. hi s regard use of tye un-cracked
lwépmnbz@sd alfeemglwﬁ@ktoc@lnﬁmnm sssp@eiod hy-provects j axging the furnace
t%?)%glll h{géo%w: rldy#)?cgp?i[eﬂe%{pm%ﬁ{r% S %prla(%%ﬁggctlog BI a{rlz %058 IZ180°C more

Iﬁeﬂaﬁb@t DlleddDF Kscvmbs/c prEblablpet aasesI7he, sdae k@@k 732°C at the exit,
onponents in the liquid phase | eaving the therna

@?fﬁ@mfﬁ@blz dhleashye)° pnaf’\‘ilé?%ﬁt Pistiradbnledviena O ndndgtl S oo promote

&Mkﬁfge(ﬁtloh%] aﬁchﬁmh' &an%ol@&ﬂés' tgrblé:ffnst rﬁo&ﬁ@t’s%faﬁl&ﬁ&ms pyrolysis

feedstock that Is vaporized in the first vapor-| |qU|g

fyepes mtlode, bByarpagt Iphixidrg, fttlnéer@nmfamler@f butpdi¢rienpengens, hydrogen,

a{nﬁqneftl%qigl dnB QuRP %s@&htg(g olteﬁﬁ[fg a?a{'fﬂﬁlg d&?atl% Z)?(gﬂgts Ethylene is

vapor-li1quid separator 1s n1 |n1ze acc

thé eregosmipigi froduyt, ofpicek exntiog fwini Entoj 36) wiie bg@d@mdhe welght of the
[l separator is also mnimzed. Still a

$%8$ gﬁaggog%tage of having two vapor-liquid

separiat opmcdss off hhct invtenadrl Misbitshevkv afponatioaawitliig théevapor-liquid

t tor to b d d , .
OB Rd 7 % g B0 Bk RS e  oN PBTALY g fsdeaine
Qffaded nmai:raﬂhu ries$ stapd Muhdagr hiesveapabhdidet the mcpoaﬁ@mieg@arators and

adequat e h t eratures int sec or - ) )
%SFQ??ﬁ “?ﬂ’ <l H’F%\%&’F“?%F f{}g‘?ﬁﬂc‘?% Yig© ﬂ?f?g?at‘%ff o[{ﬁ s o, the invention
&hRekaot RIPRREHM Gudd @Mddng 1digduiidhe RRUbMGKhk befviS dBMinable
cracki ng zone. Since the purpose of the second

Vidpoe: wap%rulmn%sgﬁaarﬁfﬁf by aqt@n Pf)hlg]éeﬁ&i%?%‘ﬁ%% ingspeperghapor-liquid
steBeﬁrEtUPLﬂdya R kR RN iSng das En th@ LQUHE f«%oyvﬁeﬁ@ sEPafat@! while

boi | i ng points are bel ow 5 OC by use of a large
Anpitareousty nhihilingg C‘é@sfolf%éthner%érlﬁ?%% opfthg m_vegté@o Achicves the

%ﬂ9&£10+ bg Ublro %@fﬁgﬁ? 9{1ahs‘é %ﬁcﬁﬁ %&nﬁ)tneﬁtﬁa lﬁoffe@&éd% ith normal

typi cal | an 537 nor

toglinzeraaty h@hmhtaan SHECttheravkd mrmvmmsg with mermaé r’vpémgmivmes less
d|n er to f itate renoval of

bieF 198 Grve Bl st L Bt RGBS Hg SPoPryrolysi

foedseok 513?& quae@ tHe%yflhd'r&Ism‘g&B@ moliht G dlef§i F!l@e[t ah@be ipfoduced

oper ated at , the outlet of the therm

fé?ra&f%s%n'aﬁwq i yBIERFPYd B 4chicygeby éﬁ@’@lnéf fraqtipngting or

A2miQGhe RRGSRE second vapor-1iquid separator could be
operated in the range of 460 to 480 OC. The range of

oper dbrdvicoracking femaenld deiipesra mirguiiiccraging zns ftheadjanpection

(Q'tﬂfhﬁ&nahgﬁﬂd E)H)%ldtebﬁlﬁmlfo gﬁé&ﬂ ¢3B6n &ﬁéﬁ’i&%ka{ryons of the light
bet ween about 460 OC. up to 537 %C.\M% | ower

frastipe plathe Feedstenki ang trleshe fractin cesateil by tiezaleoieking to thereby yield

ad?)%ﬁ%btt LER ierogvglu lnioﬁ]&uﬁf \)H?Qlt CAMERMERE - as ethylene, propylene and

butadiene. The lower olefin-rich product passes from pyrolytic cracking furnace 10

through conduit 23. As stated above, the pyrolytic cracking product comprises lower

olefins but includes other derivatives.
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The heated steam gas m xture exits the second
vapor-liquid separator via line 38 and is superheated

whgoorheroaddi ti on of a small anount of dil uti onPGT/E82M07/064602

41, the mxture is then fed to the second stage
preheater 2 1 and is heated in the second stage
preheater as it flows through tubes heated by

combyst iheRk Gasearel fs@MhtRe, Rdlidnt 286t cOMp@ks WRLe hydrocarbon
furnace. In the second st a%‘e@treheater 21 t he m xed

ouperls dhas anag seigblylesusssl R qck ToIgly i nddeelgmgees that are

&lﬁﬁfle Qf vhﬁ&%m@%nﬁ%ﬁol&@&ﬁ? rc?e{cﬂirng lﬁﬁndv‘ﬁycﬁ&a?dog%éds&)@ﬁg Such
feedst ock cracki ng "and assocl at ed coke deposition in

hydeocpibeh ecatppungs uarel gsoealy thise hyidxasarbpese thas hbse qaemal | Boiling

f t hr lj 0 b

tg%@%@tﬁéegp}ypg 11§,% g!)l%?l% tg'rglgetraltl\?ﬁ %t 1 {bl%géj g%lalg é)(f) Eegss 2tgan f56é 8, more

Ihyfdfaeryaleimnﬁa $37€° (RO hig2R@idk @t ﬁd)rﬁfai fesdasst ;ﬁxesslﬁreé ’yeigkd at the

products exiting the furnace through Ii

1?%}5?@3? liyshytege nrdiepier Heqdsiasksiibat bpe Geayy %}Yﬁd Q‘é?f’tﬂiy b figetionation
AT RuRRAVA 4B PfodoRHak ] S)D&ﬁlta%{ ahthpondits WaB 36w ka1 bdREE points
preferably at | east 537C, and at |east 732C at the

B pf;uetllmﬂl(ge @)la@ffg}i%m 9at1aqe gnd gepd tp@qyo@ttegﬁwdrﬁ%lfon feedstock with
lﬁglﬁﬁ)} %ﬁé@ ¥t pﬁ&e%@éflnzqu%@Mc 8&1&1(9& fuftﬁcé%r&lﬁpth@awer feedstocks
crackKi ng of % and short “chain | ecules to ol efins.
Ferigeil oy Ccljlﬁdeahl Rledonias pPRRINGIYS ylth dghaceormat bejtieg pyings. Also
tgéesg ngér%ltétols Elgggyﬁpnorﬁ%hyélﬁ%e%m% g%{)fg?eﬁg g)tggsg%cf%e[re éhtlonally
@lsigﬁftdﬂy@lysgsafuafawsm c, and aromati ¢ products. Ethylene

ist t f 5

to 3 Wt g/erg‘% nked \éy \g\%droi%(lp ﬁ?#et \l’?g%%raﬂ%g ro%mtﬁle second
faperdisduit kepatine \mﬂomemenaf ha\h-ea |vrsv<m1t§/|IOWen thhm et 31scmsk3e of the

f | d t 0
R SR Pe ey S SR RE sl o B RB hoinh Gy freive e
loed parm@mtct‘seddtelams M@vestech ao@setioh thattﬂaﬁm‘nl dfshe Rbdgek. Hence,

reh nd surfaces inside the vapor
ﬁé{l ?1%“%%’8 QRST SR HiOS %@‘t ﬁr‘égﬂ%tf topgpg skilled in

tﬁ@ @@ﬁd tﬁdrﬁgﬁcrwkﬂlg&aglwal pekieul! REESE a8dl rdshige @Rt i@ viscosity
h recovery of crude oil and/or |ong

achi eves
thereply u@leffP%nghF%ﬁ*f’% CREKING Copskitigng &n @Btﬂ%ﬁ“ﬁé]bqr@kwgtzﬁ’n% fige place in

MR {)l@ﬂéé Gh 3&9@&:%1 Vw RmRedh 00 afd aRl GRAI that the chain-breaking
tenperatures in the second vapor-1liquid separator and

rgaqy@pgldq B @%prg?ﬁgg H CQ§IFPI¢t}OptW1W9a lgrgg amguitiob loyeeg glgfins created. As

s‘ﬁ@lﬁ’ﬁfe théreH4l- gra&&@?&ﬁfdﬁfons whi Ihl?chsllemge(lég %ﬂsth(yse conditions used in
inhibiting coke Tormation. The process of the

Pytelgtin ¢r@¢knwc¢f f@d@garbhlefe@dm@ﬁéis &1 pradusy lewntolding.ehatiigdésged in
S .

tﬁ% ?I?ra {ﬁ{d#g Z%%l 1(r%t er t%l ﬂ ﬁ{yg g@% C:hgl%%r ac '&10? poly-ringed

aromgmwmmtmundﬂmesqmr imethe tﬁmthnmj thofaet davieg sompeEents 37 @ normal

ve f e cracked co nent
Sl Mot a1 G S e ke LR AR AT IR BF Rl and
gfwtc ﬂﬁ@&; n@é@m@s qmdik D it Eld)| ehées E]Hbatrerlﬁzgﬁlggi epcﬂ%a@@iﬁﬁ%d ringed
rom a. f eedst o eyo ich cou e achj eve
W@quﬁﬁ?’eng‘,gh %P%ees IPBWEftE}nH@“%‘rh FRIqWer ﬁlﬁe pyrglysis products. It is
degieglsib @kdsmally crack heavy components in the feedstock only to the extent that there

is an absence of asphaltene precipitation in the cracked heavy liquid product. Thermal-

cracking conditions may include a thermal-cracking temperature, a thermal-cracking time
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Pyrolytic cracking furnace 10 defines a pyrolytic
cracki ng zone (the radiant section of the furnace) and
w@e@vilt®eo means for pyrolytically cracking thePCT/US2007/064602
hydr ocarbons of the light fraction of the feedstock
and the light fraction created by thermal cracking to
thereby yield a product rich in | ower nolecul ar wei ght
#éln@fl b A vl GNh@fa B4 @ e ssPIc QRN RA GiqBRAGhR AGHBN&ackIt}Eis not
ower ol efin-rich product passes fron1pyro|yt|c
ReFErelal gemsitva4eessoret hr ough conduit 23. As stated
abovn shMiehl @l Yhb&iREACKE MLrREOGNG nCORRALRE Sarl ANEered 1o
ol efins but includes other derivatives.As these terns
ek m@@dem@mefﬁh witlh enuChglhgher rcaeterhen ebrpmnpaents tipdbe feedstock
h . o
SRR R RERAP SBok B CR B Rt 3 R voiting
Mﬂﬁb}bb%ﬁﬂf’@p@ﬁthz tHégre’s'lﬂd tHay raophttereal dry pedcgikieddn the thermal
l'i qui d hydrocarbon feedstocks. Such hydrocarbon
HETBUFES: alrehgletfist-alte yigl$ ok éﬂ?{% By rab%ﬁ@tqch adfdh By dncreased

eﬂﬂhf)@'aljﬂﬁ{l}l kel RHRE HRAIIUE @S prolRAMHABCRRH bk REkily stored or blended
enperatures at 1.0135 Bar of | ess than 566 0 nor e

tﬁrf‘éffl e apd (ypicabisreqyizen dzecy ugras fopdofog @ 2ieshy asiliar ohpeeksr

f eed%\ﬁdi’ﬁl'&ﬂl)pf) WSS he WrhBrRlkideSonk thelid b bl af 1 Shrain a

stage preheater. Feedstocks that "have been derived

Wbl dayigd niph for desiduahaili Beandfe ereudberpiasphalenet ragipitation has not
E?éﬁ”&daaéaﬁhé{ &O&}L&Idrlo %Qf[{?od“ erﬂ)trﬁal\’\@htap els QH\QBDCP&)(;HQQLM mlght be

ng points are usual o araffinic in natur
canohntesed it &nebeil Heans portatigd ami: atptaeﬁ ficdlgst dede miars Of_ measurlng
DAONGE oL Sl el RYELG A L1 ASHIOr pBYE Ol Y Ber G REK I 0.1 wi
YUr naces avier sTo erive om crude
®itheanh dtat dentddual odnp q»neln tssstahild. hAhotgehremeaeme ol thebatilitp gt the

BB S o SR B ERURE b Beb B 4R e shn 1
Trilteacd b hmﬂlﬁﬁr |1syd1§fﬂﬁsle@ neds [.’Pyit‘eﬁll N&i K7 RBI986 GRS, lifd8 to col. 8, line 38,
t her mal I d hea rocar bon pr ,
%%f%ga%la b E eif & 1§‘é) g}ﬁé‘?fe‘ie’i‘%j’uu‘g Sgg]mﬂtﬂég @vatwnmumber of
le®t tBRNETAhe A MRt Be Ydsﬁﬁﬁl&iﬂtdt plienmgktabloan the vi scosi ty

of the portion of hydrocarbon feedstock havin

t he
Same WBRAAMIBGNTHLCREN i CPENE: BBgaiss ERETBRgO o about

@%f’@fdf A03LCs8bES 15%&@1&1@% !E@Ye%g@ E€foh aPIWN 9@ B4 @Mtoled2. 1 Bar, and

portion of the feedstock. Hénce, the mid

viveeingthe digeid kinrfbe @mﬁaltqrmgnme dompiiitared hode théyapl-cracking
0,

C%F]‘glrur%‘f‘ggl w@}lg %qg&nﬁiéésljlagg% io'ﬂfé tf(ir}o tﬁﬁ%ﬁe{rﬁglof fro about 0 seconds to

abesu Wheetonds. elttcl’?cﬂed tmlduioss:msiutha theena (ofa.cklﬁg eorm 1h1dt temperature

ra k| G nd|t| ns in the.the I ra

of a% 1%?4151&)% A ég§5 81: o’i_l] 9 me parloc{wg féoné ta (?&6{93? \?e ut QLSO seconds

\tfﬂ‘[‘rmreﬂtetﬂ‘[[e&ttﬁﬂchnﬂ rmgmmebldeﬂtattmteb e,emg @rdﬁerhaﬁe;a kak [tgmlmmlze the
0 ﬁ roceed to co tion with a. %»qg

%)ﬁ% y eXF%S\%gF Oé:lag%el gac ]rtlg J{Oéra nonggmg Helflgeéatures in c ermal

driv@idgedon€r akinaycracigh tdno ﬁssm&lh&: fiti€ Aind @88 tSEMEAtEre tHd@Ncontrol

%hose gg%dltlons used.in rolytic cra kin%?of ,

v Sioehpere! cRSHaE 6%‘R%°I’tsdm o Bie Bse 1glgashangedlly 4 obkyidhe same

dx8enfl 68 tHeBfhlickacking of a feedstock. As an example, as shown below in the Table
higher temperatures require the shorter residence times to achieve the same desired extent

of cracking.

16



10

15

20

the thermal cracking zone is to break off the al kyl
side chains fromthe poly-ringed aromati c conpounds

w@e@3anmo2e n the fraction of the feed having coP@DOSIWT064602

with normal boiling points above 537 0C. the 'freed
al kyl side chains are easier to be vaporized and give
hi gher pyrol ysis product yields, whereas the renaining

pol yaromatic rfi '?gﬁgal% OHRAS,sTR%RIHEORnR TSI (h&g poi nt's
and yi el d much lsaWen. el HernByER YRk B REWMRAG: (I 1S
desired to thermally cragk,Reawveqpponents in jthe

f eedst ock onl yt0o fsgcfﬁ«;ﬁﬁ&n[ trat R[eﬁlﬁ&fé Fﬁa‘mﬁn bsence

of asphal t ene |prec nin Y\
l'iquid product|. Thgghg crgckln; COﬂdItIOﬂS may |i ncl ude

a t her mal - cr agking—temperature—a—therpal—=—cracki ng
ti meperi od and even a er mal - cracki ng pressurg
al t hough |i qui|d phase44ther mal c¢racki ngg8i s not
particul arly sensitive to pressure—ln-an-alternative
enbodi nent, the therngf cracklwg condi ti ons car| be
altered to crack nmoreqgxtensively w thomuch higher
conversion of |conponents in the feedstock having
normal boi | ing p0|nts4%%ove 537C to cracked conponents

wi th normal bortTrng pornts befow 537C—w tiT the resul t
that asphaltenes are precipitated in the thernmal

cr ac liynge 06 fhe. pr¢santtiranticms és pCtSBiéleym') ebyenfbeteet il gnd #bweight
%:rce t%ﬁs thg 857 bRy Bg fra&? o%gﬁ ﬁ:@(il th&’lg%] Sl c?a%\f(}/ng Ogé: koeéjﬂ °C.

F oduct” s % ot be
mtnos eraipom rprdaluen nhtedvdremi fruml thoisécoadh depayamrc dluks yresruﬁqng| inesgnificant

BerEs oo R AR SEORPREK ok Peu iV e hefl el egigper te

fmhaw. d The qﬁhﬂﬁiﬁ oiSeddstoobt@itit Aadiah@kdcgord bl tHedfupat€ i.eOhydrogen
resi dual ani ng one where hal t
reey gy talcif’ubé‘ﬁer@%n Hist Saﬁ@&ﬂoﬂlaho%%ag%%rf&tﬁ%éadt"’é‘h§fé°&°‘t‘ gt the

RERL thByeolRAMIBbtafRaBYEsnveRicaINded isistibh 8t thetghdodre
encountered in fuel oil transportatlon and_ st orage

faci I'heipYElysehRea ey OF e A8 ofrrgmeangpnal jofafing gyrphféls furnace
o%%{ddltéaiefm prMudEch R G4V @ Mndi&Star WARRMbIefifd, 4dRciatly tHéMREH: Ofubular
'ess than 0.1 wt % neans that the residual oil or
Pranceragiingstuamice. Thadetse rvidhen hgreenyietioth gonst ghe pysplysip furnace
&%ﬁb@éﬁeﬁl@ed 8 1 PEkIehies Ii'fpf)arﬁﬁe'l tcfreﬁtlé ﬁBesnIH!lgbﬁer arre;EQ&i for a single

net hod for determ ning the trati on nunber
Pass ofi the feodsearkitiroudh that?@rwﬁctm Zorle 713713h© Bl@et tho feedstock| mayebe split

o} .
e
odber maf b¢ @930 t biagle Gecd passeangrisddatf ntahg sragitdubaed ingdr¢onnected
or, pi.tch is sta C her | kin

e B R WELE R bl PR BRI TR i o
adpo ytrelo261C, Pafapabdys Shur frst Btagehﬁeh@mges afmﬂrrsedmﬁhlmxbr 12018 single

B t t 22.1 d wh
Ragsnggf %%aﬁ%?p@sezdgﬁghq goqwgcitlﬁg %sli].' %f[ E? p¥rﬂlgrs1s Qurnace Jilﬁe second
dtdve ek ater KAl ObeCO41¢ pBAST mutt@lerpatsdmnk of tubes but preferably is a

t her mal - cracki ng, zone for a rom about
rfbltlglga aéoa{ﬂa SO that Pts pressure c}rop 1S re uce and tLe resic%nce time of

hydrocarbons passing through it is minimized. In this preferred embodiment, the

a_

convection zone for heating and vaporizing of the feedstock comprises a single passage
having one or more banks through which all of the crude oil and/or long residue feedstock

flows and a multiple pass bank for superheating of the portion of the feedstock that is to be
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about 960 seconds. Preferred conditions include a
thermal cracking zone inlet tenperature of about 440

W 000abo1920 485 O0C, and a tine period of from abpCt/USDOT/064602
about 480 seconds with [ ower tenperatures and higher
residence tinmes being preferred so as to mnimze the
possibility of excessive |ocalized cracking from
ﬁ}%l y2601 ih W MaHRAPLRE@S M Rthineab N 8adk) @{ermbes%@ﬁﬁaﬁgedmnaeeoﬂ or

hermal cracki ng zone residence tine and inl et
THRPEratD? arRseRCRoNhiB ong Hewr #idecagh bpmfemign hars syRiahgows of
&gactions and can be use interchangeably to obtain the
same extent of thermal cracking of a feedstock. As an
exanplogfurthey minowae beXitann the tubes Fathk dirgiistplge preheater and in tubing
0

BERREAHRER LEAY R, hilfe BIRDLES b SpARGRSBIRELF o tincar
tehwitp o€ gentrudennibartdi/aiong reslguqofats@t@kélqwosmg}dv@r gelected to reduce

C?G reV\%e%crf]:Jﬁo C %GAI%C]élle Gatgéﬂl t Hép? fhlgI!;e r%g Flgé?rar% cigence ticme EI'O{HOteS coke

fodifatio@. onntha satvd puafac gy afdihe twallec Wetippdoﬁnla&mlrtebIEV@&Gt@ndﬂl also
t th | fi
B2 S LR bR B B IR GRDe B RRER b v

dulfecidna dhe‘iﬂ for&eatt the valif oftihe ndbiznageevedin@ ginahizé yheodeposition of

f eed o the radiant secti f the f ace (j.e.
w%r hl%ﬁ"t 05y ve ? itigh QeI "t?lg?nd? a\?f‘gtfﬁség%egfﬁ%“@fg%%‘fugh the
tasesfoeqcbsﬁ@tcdsagbq)rdhhﬁem@ucamﬁe SRUficor: féfmzithﬁ ahul BREEIon, there is
t hat coul d be obtai ned convent i onal

i %@umaﬁa{l%ﬁqofdme%rwglorc@éa%@@aﬁlcu}%@ew&bwné “fhighfhe Beneficial

HRY oP&kaNYIkYRELSn ©AMBRLIIP PRl &Itﬁé 08 eﬁéﬁ@f’ ké@ﬁirénents needed
furnace operated for production of |ower nolecular

et the fesditork, and dhyewizipg repuireiaeniieinge drbeupuacgpmmodate a higher

tﬁ&@w%agr;&égnace The tubes within the
convection zone of the pyrolysis furnace may be

ar r afdpednesss fordegdlingof crudgbhed apdfoplanadsiahe fagrstodketottighbisst stage
S to
Q:Eﬁlea&? I;]sa[h%e ggﬁ&\:/ félgetr ?%‘%I'E}Z g%ggnt%ﬂﬁ ]i,)]lglflpl{lé~I ?netﬁ%%?h ﬁl(a preferred
efrﬂ@dsn@c k)f rﬂwlrbentsupl tte Bvengelsaiyeriathef @edt puasua@’sr lamg cliasidue
t&&)c[%a 1s enhance gy St 31%%; gmgl bch’)urllt notf £ CO r\}v% er 1n ovﬂle IEeCfdstock
S, Or nmay e 'Y oasngefee pass conprise

dnfwnnmm st tha |fegh tputnp haes ptiot ©rcaonnébinade Virst bagd freinaer, or at any
éoggt?lﬁgggvo\x?lh& theélflrs{ F,'tgg%f I{r? dtsetgg) g@fe l&ﬁéﬁ é%l%eg :\palgorllgesl 1n|thet crude oil
dMaek esiableyidud hedddckstheSleRgRy pr elete ﬂqrd)@haﬁem’,lfbb§ adreafes. To
one or rrgtre SI gl e pass ba?#s of tube osed in the

EBRVORYT Dics GHB ST LBy O SIS A udice Soepris smeBwater or

18dsdgdneheabies oﬂmevfe@as&sakmﬁo@h&h@ﬂﬂsest@q)seh@ﬁeﬂwbetsI ple
pass bank of tubes but preferably is a multiple pass

bank 18 omghatcomergdple Skfipe RIFYPSis sfumatkic ebe alﬁélla‘?th gection  tubes

dcBShESRGErrikicAERE NHIB BCRIRO Rﬁ]uﬁ&?%'d@&)ﬁﬂydﬂéﬂhoﬁ bt thSse tubes.
mnimzed. In this preferred enbodi nent

‘EBigriveqets Yrihe grentips proyidss f%gheamehe@awrydzciraﬁgméfof # lyande oil and/or
lt)f?gg% tdgér:] eng rihS rd?ytﬁ' tﬂg* F Q/?ﬁ QVIE? | JAGt Wﬂ@% furnace for

roug V\,hl ch the crude ol
Jeopigng g}gﬂraj@gs plothe spmeRtion section equipment any more often than the furnace

would otherwise have to be shut down in order to conduct the decoking treatment in the
radiant section tubes. By the process of the invention, the convection section run period is

at least as long as the radiant section run period.
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flows and a nultiple pass bank for superheating of the
portion of the feedstock that is to bepyrolyzed in the

w0 agvamo2eecti on. Wthin each bank, the tubes PEIUS2007/064602

arranged in a coil or serpentine type arrangenent

wi thin one row, and each bank may have several rows of

tubes. To further mnimze coking in the tubes of the

firstyah@Be BIBhaRhEs @O thvimidnUie ROnfeblidRE i HONPSt Ir€adBoked

such as the P ping | eading to the vapor-|iquid

Fepuedpioichedpledibags ph afgegpensy|ay egarijedo And oV o frequent than

tﬁé‘ CHeﬂﬁedc?ﬂH HEShAMR Je&ﬁﬁsﬁ&ehng We%ﬁ%}y Qh@%or%ktﬁﬁt &tion is
to reduce the residence tine o I qui d at

decolsdranip difeaucasy hi lgked tlrr@s ileheas enorg m@fepab@nﬁ@@sat &,Qakteﬁ to 9 times

1“09%?‘?1{31'11‘%& &Btlahpé%ch(ﬁla& %Jgéh@&?? gec l&% m{lﬂnﬁg nﬂﬂe convection

ropriate inear vel al'so pronot e
a‘emqn&tnrlmm@ﬁ setipmphthe rflquwd nheazysrcondudedramhy sgwa¢ tilnp @ytutcéudlng

Va \ie? an Ii){pff:r?egeiioaqgwp th, gt Osfl'l:flfi fltr:st &0 ! (S Pregge{terftﬁ e dlrectegl 1rﬁo the
s{éecprdsstatge prehedteranl by ph!thng e flnivgh eiteaﬂuandamr inte thediritisexge pieheater.

rude oil /or on esi du eedstock thr.ough th .
(oo grecplatief mest 2 bE Hbh e ek Yl Hhgges By radian
@edm df@terfatnlawana decdite pasing iwaih, thd ME( disScodd s@Ed profediers.
rang | i near ve OClt for arti ul a eedst oc
beyoﬁ’&l RSy ‘éffﬁe ingfeny gtegesls é 'ﬁ‘%’&ﬂé{eﬁ‘aﬁhm enters
tBe gbrivettdnGbsoniis B sk ra\(é BtiAE bidke ﬁfdrdfb%/ BAGEGYthe first and second
requi renments neede punp_t he Feedstock and the

%4gf|Pﬁedlei‘t%fa1}P?fé%W§rh6%tm€ﬁl@ iy akdifuyion sie gt 8 fwpespture within a
Ilahg%h(%{ abB&aiSo@@%Wm Sﬁ%hl‘ﬂ&lt # of ARAG i R e i¥R prﬁrefe?ﬂ'ed to assist in
feeding a crude oil and/or resi due feedstock t
thteafdrizgtionselaltra vy fetgetke rwhese Wmouz@i@ntthépqxsteresﬁn ahwflrst stage
r
SRR AR TSGR o BORLTHS S o rven
ctolkedqmsliden i the Bistgtage Iire:mgelr eS| due f eedst ock is
?2?2% P{gt Xth%rs Ct ! Efz%t gf { e mn entfril)]:r{‘:)ei'I (14 ]J sué)er%eated g\? Erjlon steam is
quidedro the fiesntstage ptehhdten ttllhae aﬁd/bsbets/éemgthe pxie b@.at from thy flﬂt stage

a (o] desired within th irst sta r.eheat er.
P b TR AR S0P PR e W e F e TG i Gria 4 Wving
12Ag Nesi dvrefwadst pokote efovial 1IREid Wetdhg bheéhe @Bhg walls at the

t hrough the tubes increases. To achieve this effect,
BRIME MY | quantities of water are needed, such as 1

Mol e %R (ig b &% thelRBRthe®Nn tah QIERARS eﬁi‘bo@hﬁﬁnt of the invention,
feedstock through the first stage preheater tubes. In

hamedegntfetrendhe Hrépiaps Pheditys |§ 1Pph 4t adnixinggozzle 59 where

sru@&h@d?éd BRELA @l KRAGBAGE IR @b ot dufhi @ty & %ﬁierﬁfféﬂtﬁms in
-5 weeks to justify a decoking operation o ose

th@ é@wnstﬂrm vppdiegisl soparatiye2(, god it the theppderagkiag fzone fonghe liquid
lgﬁﬂheﬁgl ?&g)e—g@&dcséﬁa(fhbp& tﬁ&t i 1&5}:@$u9§ zire ?ngl{e?ﬁefér%gfange stated

residue tock in a pyrolytic furnace w
ihdublegbow @h bt ustovinr thivenafl orapldeeof e lidgdoki yegor product stream 50

9 Pe%oavgfi 10 t?%]vaﬁgnte k%u?(ﬁ] é’e%&%lo? lfhige%cvxt/i[h srr?a%%o?vn(?t‘lupeal‘ﬂééted dilution

nore orten nace
steam 52 injected at the vapor outlet of the vapor-liquid separator to raise the temperature

of the vapor well above its dewpoint and produce sufficient superheating of the vapor to
prevent condensation of tar on the wall of the piping that connects the vapor outlet of the
vapor-liquid separator to the second stage preheater. The liquid stream from the vapor-

liquid separator is routed to the thermal-cracking zone 36, where the liquid is subjected to
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woul d ot herwi se have to be shut down in order to
conduct the decoking treatnent in the radiant section

WO 2wed179By t he process of the invention, the cPOI/ES100T064602
section run period is at least as |long as the radiant
section run period.In another enbodi nent of the
i nvention, the convection section tubes are decoked on

Bild &ﬁﬁha@rcmmhg doaftbnb apheSre@itim thérBANERA%d PRodu&GHIESRuted via
and in no event nore frequent than the frequency of

tOREUIF 210N RBRR YBHOTRAE SRPIG PR b ihgrmad ﬁéracﬁed components
GATYERLLOB, S0 00 Loy rP eyl lf SPURIEN B £%5¢ uror
Hmm@smh@mgem1mhammwh6yaaduanbn$emiwmmmah@akdng:u1sme&naim
%rmage d L erm crgagfél{l% 2] n%ff rt t?n Q%m rllﬁulhli]g%lvﬁ’lo n%eec%/% é)gleg hni e\get tlcgl drum

dﬂdernSzﬂhTﬁletdyLﬂBnéDde> pxekzemi ihoigvapads\ie shearydiopd fromgedvingahd b(Wtom of

t of, e fi.rst eater to be direct
%f%c ‘P’ﬁé %lée”d % figyd ap%“éaﬁ%eagﬂoélﬁt Q&P?BP%‘QPE‘E&S{@%‘S Hll?cfeélvvla line
3 ifhd eldTvad phide hdhO thd@ighillristel Shage dpure hﬂa&e IﬂowEﬁijard in
t he secon staﬂ%%féggﬁater t he heated steanma

SRHRETPECRkTlop t e Al RS BEry Mo 1Hgaly. superheated

dikiBR6BarR iaddes Gk R ohdui@d 708 Gidnthe $Afpihd. M Bite @ﬂ‘%e& 86RBdre then
stage preheaters. In the enbodi nents escrib herein,

ToHefl &ia conguit S P dre Wrndtiash nsghealRy topgtherawitle e supgheated vapor
IQWgetﬁ& Kl%r HGGH 'sé}ﬁrdt(')} 2@ t§ ﬁ@?§@fﬁeﬂ%%é 18ia@BKion of the pyrolysis
referably between t firs second st age
Frape Rt ip@ice pleEipe b?heslwed praten gemened ficoggngfit 36.|agd isoypically
&E@ Qgrf‘utelooﬁor ife O gfé%%sw fﬁ)pﬂh@m@a le %%Eedggitcﬂ.b ?Hi% embodiment uses
450C- 700C. Super ting of the lutiton steamis
%ﬂﬁ@mwwmxﬂlﬁmuhgsmgmrun t he vaporlzatlon of heavy
f eed r
fir Stsﬁeget%%rgget E r%feig%c@% pgph(ﬁ )a}ﬁliﬁlli )%Sr%r% s%{:a? VeSfﬁl having
valya, ab e _Mae‘riqmeceedng e Mcoinivg 2es- lnqmqamemﬂmm ealg®r outlet 16a for
cglrﬁ:(E;OSI é \Qan rlolgmasemﬁtand F'?lfpﬁlﬁ %}?t%\%/ é%‘tr f%p (%rec ngr t}le qu}{(f phase 15. Closely
@akra-ﬁrfhﬂathednldt I 48t is @nhubt Bahavirg aaplldeldityt@f tahes Ifiar@hcestaﬂgﬁd the
reh at er nd/ ween_ t he, exit
ﬁCP%‘ ILEA é aPrS raBJny “:"ﬁ% B %‘&‘c‘%ef‘%ﬂ Y b‘{? Qf% incoming
ga%qﬁi@\ﬁﬂﬁﬁlfeeﬁlms \iapaked b}qqﬂe@mﬁg PA ftat Iﬁl’)mﬂllaﬁenﬂ dTitid mg) 25 and, in
nozz|l e 42 or device used to pronote uniformli

RBLEI g HoP DHEN 1 H Wit PSR o e FSH AGpdPrid ihe mixture 14

SRl 2015 iegarll SR fis 20901 the Qa&rﬂ%ﬂgs%parhtﬁr am (akche ﬂ(E@iﬂthﬁe walls
enbodi nent of the invention roduct 14 fromthe

e cemplsielygectisd wib dtwd aadqucgea%ﬂeﬂfb%@tetqf i£ Nt PR VRRfiINg o3y | cgking of

R ik & %R@eﬂl@ e eﬂ]kg\')vi é:“theoaute?iI LAl ¥ tl?éjﬁitﬁ)d%v {s@ndihiBed in a
51 to produce suff|C|entIy hi gh tenperatures in the

oy weltpd\eapstiian| hyqdiqdldé@ﬁ‘aﬂlattflﬂwszlgwn the@uiensurfaee of hub 25 due
tB I?I%’hfﬁ%}enp l.??%g lt({]gan%g(ﬂ?thg q)lgulh hl% 111 'cgﬁfécq \xlltﬁQHé nga&bgf hub.25 to the

vapor-11iq separator s residence tinmes are in
mtggonyf gfeeyalle dar a’nfgfeﬂ %"tbastl&dmdﬂtthbtaéeIal@éﬁ@ hgla S fowl aigs exforcing

Jlthél cﬂ?aéng% rted G B %utglr su]ﬁhcee Af tl%uﬂu% 25A0 YRRALHE 991% Wwalls 20a by

depositing said liquid into the swirling vapor. The upper portion of the vapor-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 vapor-liquid separator 20. As the liquid 15 is
transported downward, 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
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is renoved fromthe vapor-liquid separator mxed with

a small flow of superheated dilution steam52 injected
wa@eoowheroe@por outlet of the vapor-liquid separ BCDUS1007/064602

rai se the tenperature of the vapor well above its

dewpoi nt and produce sufficient superheating of the

vapor to prevent condensation of tar on the wall of

$ap6r-Rjukl RBardabo BRARE GleSighia®uMANSE. Optid ®tinl&fnol A& 26 is provided

vapor-|liquid separator to the second stage preheater.

bpiw thie ey ogtlgt dghe 16 ghProkide vegneh Pil.duivierls aprarlad giermaly cracked
11516311' ttlﬁlg h&sooegllﬂ gootlé?lecf) 8]on %a@&v‘%‘ t@ﬁpégﬂl% f%cooﬁﬁ?éo@le&%hqmd 15 and
lquid Is subjected tom1d thermal-cracki ng
rednsehgt Jopmsreamoke étsmlamqnnlg/ @Hamngeﬁurfeqea@k@@jnepﬂldu@ gozzles are well
t L
B ARSI R0 Ry WL AEEL 0 B
thatt ihcangratesatwobipbi-igyip sipat©rsh dleon 2687 20 @earsed oalyon ek second
c{yglb)%leg In reeqage)o(g%tl usgél Ct Iglﬁefv QP& cloni: Ifctiha% ede%én?ts@ Lo &12}'/1 %gld recycle
m@ﬁﬁHYKﬂﬁk&bpmﬁm&mﬂ@hamiﬁ&ﬁmﬂhxﬂmﬁgkﬂmgz%mneoﬁm%nmhﬂg1tami

ui. eav n t.he clone.in vertical .
AL s it LS R Sp 8T ahesT B e C b B a s
lﬁgt&:ls@@ﬁlt Mooamds aasuﬂa@ 6h. hg slamt 1t66 @nrﬁfundishse @yrah@rec &l ttdgpor duct

E the(% q nt of erheat g gteam
dg P dsfeqs P%arry Wé“ unf‘faﬂS Y Ioyagrd % P?:i‘ﬁ%%a B8Ye t he
| | qU|ﬂle|cﬁs\ﬁﬁice o tHehigibdrUERMRIOE befdwoids WARWETTd Wik picked based on
countercurrent flowto the liquid flow ng down from

SHBESC dhreliaury giog gize ghat ?@B@r‘%@éﬁf’t@@d (H’PfOEFt the fropehad mqved more

@sidedr Wh pso vy B7 $ilniftkh 1iGuili NS will'oe RRENSing TB®N the hub 25
stripped gases are then routed via conduit 55 to the

Gaedng obteameiopr whie dicerir/ vegenpda) apdtthe priEensupler fkigt egb on the
APy, llelﬁﬁﬂ)(ﬂlge ﬁl&ﬁd\ﬁ%@é’ts inkd ﬁhg'vq (ﬁ%ﬂgsre%é?f beddy 1R, Pifes 25a, and
pyrolyzed i n the radiant sectlon of the pyrolysis

qolieqto evitl gopliyd lslvothe fskins 25 bTofehubi Zpudug tpdhe ¢aphiniesl swirl of the
\;a.? V6eaq .itVIh@Ve R)ntqg bﬁtle?ﬁll’oe ‘%‘ad *l“?e P I%] IquS?g VUa%es(iizeastof e liquid
0 or in ot er typical uses for ermal |y cracke

fiport ¢, hubhlsasectbrodis rpesﬂlbltu sethe cmtey waﬂ 0w aptput fedueing the area for
Yapgraibghg\é/pbgfat lg{ { §V61 a‘tglg ll}F hgevse’lnéés %%gser ef ?arc{lcaﬁi ma%% about 20%
126@, ar@nfor filoet hak 4aer pfovfded: ehavil in @rdsére at IﬂteomnBQQSa Further details

as- ui d xture 14, r 6 .
S8Rt PHinE T o e Bl RBOT O5 BAEh T § 07 i ds hereby
heirpathic@By fofgeddbe | i quid phase 15. Cosely spaced from
the inlet 14a_js a hu 25 havkwg glurallty of vanes

fCB 8

b5a SRt A Blind. (HetemAGR 8t uiHeinhiie begnd Tie. 2 is

RERfa8yHNoYkify OssSel twhetcBe BiEd ﬂa@rtﬁ&apbhﬁqmm@hma&@, subfa€ed to
incomng gas-liquid mxture 14 is dispersed

& PAdpg RyTIeh f%mé dBAryaISCIRey o useh&o mﬁwz%leéﬂﬂﬂna pgriod. For

@;aﬁlme%l s@bwn BYribhe aR8n2v@sdl 86 €AWk Ave@lat indfh Bt i aﬁmected
qui d phase 15 of the mxture 14 outwardly toward t

wasstoz bSOt e CQRpHY-axiag ey g &b ancktas is @meﬁqn@ﬂ@wlg 3, Shere
ng %18 Qeﬁalileﬁed/‘ﬁl)rhsthez 0{39 eeéygio}{e Weht ﬁgeéﬂbrtdawln{vgllﬂ' éiiltenng the

ecreasing the r te 0 not preventing, any
toplef thy dsfmt Hiheiliguih femperafure el sgeiflénse 20w, in [thekdminsae adinged to

tﬂgllin%[ly %lecl]; ﬁl%qiqgfd. t&%oﬁﬂ&lﬁ ﬁlei e§te%$ﬂh&“&?gaéﬂngamay be controlled

by either controlling the temperature of liquid in the drum and/or by controlling its
residence time. The temperature of the thermal cracking zone in the drum is controlled by

adjusting the cyclone temperature above it and its residence time is controlled by adjusting
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conpletely wetted condition by a liquid | ayer that
flows down the outer surface of hub 25 due to

w0 p@afiises ent forces to transport the |iquid 1BCT/HS2007/064602

contact with the surface of hub 25 to the interior of
the walls 20a. A skirt 25b surrounds the distal end of

the hub 25 and aids in forcing all liquid transported
Howquiinevedliah wUlfac eref tht Beerbidd dRbddfndnld @nd %@Q'x@ﬁor liquid
of the walls 20a bé}dep05|t| said liquid into the
SAIRPTSN gnwpsapwnm ig¥ppernpeding in g drag iy @pvidedifgithg heavy

lﬁﬁlﬂﬁfeQ’%ﬂg R GbokSm df | tilee gyc'lcﬂle afy t%g)[ben%tﬁll‘fe%p hd ﬁlehﬁul %I'acllﬁ]ig zone
and hu

to aid |ngofte|nter|oro
exéentlh oy dle lllql?éfhleﬂelrﬁ“)t@ theotiam enile 163 of He dmap@nd 'Ihﬁ d}@nvcl cracked

lgqglﬁﬁlregeg [he%gtt?( oo E Ishla t%F]J ?r 490? 0 gsig %ﬁﬁ@ﬁ)gﬂ({]}ng%ozzle Il]ocated at

mﬂdnmeduddxsawnwmmmﬁﬂpuhnpgmnthe fornatlon of coke on

thelr ur f contlnues
ot 40 PRCORES P U B E e PAtFE DT 30 by A o cool

thu hqlatl inltha booﬁonp)af uhe dfurm B3l pedvidedzzd £quedbh risg (6 muhaiefduhng of the
w t h et. tube .16a t d
54 SPREyan & SREFhr ry ek SRR Ever HEE o tiuid

d@mpﬁamﬂaoioads tnotha dmm @ ast purpostignpeital by fcfing @oolkd Mgrmally

G Pl Shmny B borin g O e et Roat e TheRiBsaagauench

@8 68VEat 1s|16d'ate@€Heﬁé§1tﬁMhE Mqhitl gvied CoVBe MqhibiiSinf¥ el @6 the drum via
design is applied in the preferred g@ocess enbodi nment
FHACCHRIHIZr 2t Bat thelp I apere-ynifgn dissibpaeneidhescoofgddiquid to the

NRL2h@serdE Al U8 aRNYprbatdtuIB@HONANE %G RE the BARYm of the
are not used in the first cyclone of that design since

dray Thetinglisshewic yih ﬁ@leﬁawtwyrd@ﬂéé lelgs pivtagch ag Moyt ghFigheB.
ther MRl RGN g%%ﬁ&@f Dol AR R RAGKIN thd m@fb of hot pitch

possi bly causing I becone unstabl e. The vapor
st cygloanther & tralelingajppmwausdk inghe duoy wigh jeist f deplghe@geh exiting

|

I%%é&]g?#y?%eg%)é ies?%th%%d Egél?l@ gct%n ?‘1 Mhee %@ kﬂleg;ﬂcrtl c%&gl% of the

pehlcecbd ggatbfnyddcml] ar gvefl Stoppedvifod liyg mahmpld:htstrfpper is encountered.

1'?1 energlt (s)t% V\flzarlltem eratures wt]Fbéj Esgtgcp &)elesosfthtnhﬁ)om@to event fouling of
ensi on’ eIoWP{%e vanes 25a Was based

thsttﬂamatcb eomotodling dfi tlw liduid rleqyirs) me thdsraial waackinl h@le is normally

AR, e fmaars Bhg R SRt R P i i i o Fim. A

ﬁfqtlhe Qﬁ‘kfﬁge(ﬁ @mbodllgﬁnlh uke ﬁrﬁetl('] kagpeduan oﬁbﬁt?‘ rtheaﬁlalo Bﬁcth h(t))ne is
t he er node and t he presence a irt'. 25
“c?ﬁ“‘f:’]ﬁF@ \L/% uskgneR) ol ¢ % W&@E}E"eoﬁp% GYLOngr8pYeet %“ (he gsidppee time

¥ AROherRRP&ECYR onORIcOMIdIRE by ad8SmeRadf RNJukIAble€64 inQRe drum.
w Il continue below the skirt 25b of hub 25 due to the

cont iSgaantsipndifionst ing e dpgp dhat pgighisresylt ffpinsalized apgpe of thermal
Ottt iht WhGd 10@he kit Bp@au&hatry i toaébowﬁ)c§1u>zﬁgtabg d?@‘d@olded by

liquid fromthe hub 25 as close as possible to
astioepf tharapidpeptaling verftr Phisd @b vediquiskle el émthe gruny aaalémg g liquid

1B|tl%vﬁr9ﬁlt€¥¥o$vﬂ%ta?evq L@Qid%e'ﬂateh%t m% rﬁ)ﬁgse s @f the drum and

pr actical matter out 0% nore area f | ow has
tbe eyelgneabdwdtare maniselated fre@emf: apatherhd'hg germsctpBpf them causes the

g e O A i
Vapors from the cyclone from leaving the bottom of the cyclone along with the liquid, a

small amount of superheated steam is injected via line 65 into the vapor phase above the

liquid level in the drum which flows upward in countercurrent flow to the liquid flowing

22



10

15

20

25

30

i ncorporated by reference. Referring to Fig. 4, the

thermal cracking zone as used in Fig. 1 and Fig. 2 is
wo@e@atAkl y a soaki ng vessel where the |iquid PEDIS100T064602

vapor-liquid separator is subjected to a "soaking"

peri od. Any device or vessel may be used to achi eve

t he soaki ng period. For exanple, as shown in Fig. 4,

dha BarkiNGcvaS S¢ins @Oe ?mﬂ%s@fuy% bb&afiondiheR bty \Jeﬁy limited

connected directl he bottom of a top entry axi al

®pe| ribergal cragling &sdqng in Blsribyent egckipe mng, with thgHesul that very

ﬁtn@ if! ahﬂ Ué[%r %eggﬁér%@ Ghd &1%&@3? fﬂﬂf’ﬁRﬂJ hclRJ){d fnnﬁe BYGh2 @ﬁcklng zone.
 ows directl’y downward entering t op of the d

Pr%edqwcq unay heanprbioanigeteand ditrivaits this rsemerlnqat@é sfepmt He sm\umn Fig.
[ Ged Lé‘lﬁ)'ﬁﬁ&j sc tsjﬁﬁﬁlrﬁﬁ{olu}{t S sﬁé&hé 9 s éa ui's qeeded thabthat a simple
ccordingly, the extent of t crac Ing ma

h%ﬁwp®ﬂ$@@u®y6émmheheopnlm@ihmmgdﬂhenWGﬂp@nhtwdé dhis flow of
fI: gnuls i}]lgte(%l Qg thglr gs{%)rese n%tfen rﬁ a{r:l?o(] r111tqlrn leavi1 Ct t ﬁ(étlt. )08 Hfj t%lg cyclone

&mﬁngnunﬂmsupmnﬂamikadmhye@mkmst|ng the cycl one

t t it dit d t ,
cont PSR 5, e db e AGRENE TR TRE G Bl Spine zone may

W}hlmed Fidecttyhftep tief fkr @dhaard,omt mefiire tHeatapdiaiurl separator In this

r [ se tors, IS, shown in Figure 1,
%?? ‘gﬂ@ag?rﬁ ”?gsZOB? B’K‘}’iq%feeb‘h?rc?r soplipe i‘i‘?ég’\&{ aIVF%iEﬂn Cé“ntammg
Ihﬁcﬁigl Iﬂ@n§ Rectbatthamsefosddne (Syrd.ane 5,858,567 a&hl&iﬂlﬂﬂhsﬁﬁﬂi hereby
the thermal cracking zone extends fromthe |i
ineRFReratgd by Eeferreen gt EUFHIppleealEs dgmm Wﬁ'élddYCtﬁ]ﬁwwﬁH dlf thp deedstock

BedYorab ek adud itk eleganesiviPauRAULpATLingtdheridl Mgeq;reheater
over 400 0C in-route to the m xing nozzle |l ocated

tHeEnerng dn ceaker drime Howiewerdlop agple pil égrdodkepere aopld, beﬂ@p much
| ol fig(Fd t

08 PR RERL TRy Ty Doty rISOFE Ry RGOl Souter arom

etaushentng pihiesrepoosi takeldrag iamoantopd e arsh woukigre@éregbattilatize of the

Lk LG, BE LD Gdd 35 o Rk B SLULBPEUn G, PELALOLACH R oure

mnim zed. gn there are t

Qfehtp érsatstageeplzm cpmid tbhe @nulong h@ulamddelpgﬂt pb}glpé yv1th a diameter

at a% C?tn?lg }r/n ﬁ(l)) | n%hn({eolg lrmﬁa?ﬁltetugeif \i:v%l eitnffrmta {gll%ng place.

I | quﬂdzpicn]]jl}eahe Mte(qlu&n’eaﬂn franmghe Bt pﬂ&hdsaterslzl 1@aattab| to the thermal
beneat h t Cool ed t .
gt e bt sl R Sy b ok GobHAES tdp s o
Supeeired @lddioh teimidihptied bithé Onleodf thhiBe GO0 lnadqhg £k iatlde 71,
%QQ si des. and ﬁenter of the drum and |j

B Per i OPGE IHHS DHFYH B TPHOY fe 2 pareTdind Sei’ﬁféto& ¢ anyvhere the

cki®ed 1vagbrt SireS RRWALIN Vi Bnd193 eSTHRULNR G adbvdd Rel @se 74 to an
|nmard as shown in Fig. 4B. Below the ﬂﬁench ring a

asgwRUIgPr diys) b apl the tﬁ’lt?lélsé?fé%‘teé digghnet e Afheh gobthopatin Fig. S,

B tesfpefal OB Heh EXich tdahulator URAY B gk RMWAVR!Ehidl) reduced
thgﬁgfjm\mtég ets Ig?tﬁ?:oo eua ftch eX|t|n(“(§Q r%n Y reduce

REMORGPACAYY tymmrﬂ@rﬁ Abpg|388°G lw tnﬁédtrcmg@ cosiﬁdtrwygled hquld from
tgg bbiRh oﬁ R atfu gtﬁt e Eolﬂ%rf R arGh %G ﬁ’e Rduid F@el%a{ eggbr ing. To

e greatly re ce or “even stoppe ing iIn t
peteohhgtviaperpar thesyelneoiramdeavehg the bottom of the cyclone along with the

liquid, a small amount of superheated steam is injected via line 78 into the vapor phase
above spray ring in the accumulator drum which flows upward in countercurrent flow to
the liquid flowing down from the cyclone. Superheated steam is injected via line 77 into

the cracked vapors to ensure the mixture is well above its dewpoint in interconnecting
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In general, stripper tenperatures will be limted to

| ess than 400 OC to prevent fouling of the trays so
waeoe/1ced i ng of the liquid | eaving the ther maPCT/US2007/064602

cracking zone is normally required. The thermal

cracki ng zone is |ocated above the quench ring 66 in

the drum As in the preferred enbodi nent, the inlet

%ﬁﬂ'@ BE@LA Be Qfpot lnama REJaPRdr a0l BekbOBd ZQREprbBeatcd B @ L&ifbined

ustment of the tenperature of the cycl one above
Eitlieafa rwromé Viadigie dé e Be Py oty tic fumpgs whees they are hegied 3¢ copysaed to
Iﬁréd&%fehﬁé l ed by adjustnment of the liquid level 64 in
drum Stagnant conditions in the drumthat m ght
r es uﬂihe ifpllavaeaéiapetbs arceiaendsdd to méusiralk ther pieentigvantien and are not
it to beconme |ocally
ﬁl{e%gdg? {elg%lt}%ﬁ%l@)g{eﬁg%peg;f ﬂ%?#@gﬁg%f the rapidly rotating
vapor phase above [i qui d level in the drum causing the
liquid in the drumto sloywy rotate. It should be
noted that the vapor phase—aT%as of the drum and the
cycl dmé Bhope 1 preseng foqistorls ehdapreduct popeondatafiotthamal cracking
The connectiqn of th m caises t he vapor |
For RGN R i SO APt SRL o e B ygant ron
piehat €he d@a ple@MoBitatdd Ohe \IAPOKEMENt AM thd Qualitg| dﬁﬂaﬁ‘ pf/lbgflt’ib cracker
g.the bottom of the cyclone al on
46? Eﬂcg’ thermajrgrapke, gn‘ﬁ‘ﬁ?ﬂm STV RoEPHR At @ﬂnﬁar%ﬂam ?I&OnVe“ed vacuum

tbwhe&iuaﬁls Wicel shi¥@ r@Rlué B fltch R€alvAhe he@lb@ﬁﬁacﬁbwﬂohg fsidue and
quid level in the drumwhich flows upward in

‘&9&??‘@ OHlclie AEAPrepeiss Redp™ Heo fanuigptss tB%uﬁf‘g%fd%mf"?ItS]ﬁP dpribed
Y& h QN8 10ARISsidiR ARIP&EIALH MedB@E wiDhIsORENALih ONHMWAES Guality
only a very limted about of thermal cracking is done
molyreleedsickhping Pi@iRehg zone with the result that very
Littlg LfanfifiYe C@RAR ﬂrépeﬂ;ﬁ:@ &Jrat @S‘ @Gl R ARG GRerfdafNcracked
the li'quid 1n"the thermal cracking zone. Any device
MCbbaum@brmwnemg; waih nargkl doging itbopesatades Qelswpﬁéﬁ ti€atmt(2) the

Giraaner 47 f?gif e AP S SR ok T gt 537 °C

whibP keredhfer®i Rﬁchdk%& Ebiptn@hts SdthWothal thBBin@ PEMLsTelRy 537 °C by
tgm nted downward works well. This flow of steamis

el (pssnectigrsdrtherinal-eragdigs aMPETYERIANtN derylstolgaadity can be casily
Qeg@\”z@%a&gﬁ} ‘?&%Jr%&t@ﬁe&hﬁa)cbﬁﬁ eﬁﬂewgégﬁlbl&ﬂ ﬁﬁdef (ﬁle%ﬁv‘érackmg

upwar d eenter t cyclone. Referring to Fig. 5,
dmdiannsadttaepma¢ram® @rﬂbom%ér?ﬂ A hienuldtel dratillagpaokiaagrdance with

d the f t
ST B LGRS BT T ey ROTOPBESE v, o

AT HRINESS t¢1 @ndT’b@bfTﬁiS €. ankiboging 9ot age Haheihtiedlyaracked
soaki ng drum or ~a vessel_ contai nlglg[ m Xi n% nmeans, such

I%I%d‘ich%(ﬁs dlpasdatgmingdiimaqogrdpage wilpAS EMga 2846 Accopfingly, it should be

WHASE1088 Wh ehd &th ?Jp@ﬁ&d b&I6w ftl@a{%fb’zlﬁlﬁl‘g‘ t@ﬁﬁpér@tﬁﬁ:% ebeLto ASTM D2887
conventi onal soaker drumwould work well if the

PapearEe k Whichs et talgt qadedy viglaipde U ePeilingepeing stemperatures.
A}%r@iﬂn\iﬁ Yoeld \tvélzlgl?t peRBA of ltl%%hﬂﬂl Jrhg Vi ﬁ{wu%,l @&ﬁhn% temperature

pr eheater and entering the soaker drum However or a
abovd#3701( wheedstradko hhdperhos havibgea bodngrieoipenapobelow t5A7 °C.
ttgﬁh dlo grlb cg% teng\c/)% % 2633% E(I)r{vglltedsﬁy%%ecal%ror? Breo% %rwats ThedSiFed? using a
modlfled ASTM 5291 test process and found to be 13.15 weight percent.

For comparison, the hydrogen content of the next 26.8 wt% fraction of the VI'B

boiling above 537 °C was measured using a modified ASTM 5291 test process and found
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because, anong ot her reasons, the |arge anmount of

vapor would require that the size of the soaker drum
wheoowat20 arge. For a crude oil feedstock, a tPEr/mat007/064602

cracki ng zone at the outlet of the first stage

preheater could be a very long insulated | ength of

pipe with a dianeter sized so that an annular flow

&%9'15%9'%@5@&3&%@1&”@91s%'8‘ wuob REETRof ﬁ{ea@ﬂa ht b&lehaalﬁb‘&&sw °C

place. Typically, the heated streamfromthe first

prehesdttel tht Doitenrafubed TBdilmg dbher hdl °C tac mam gonveggktlo lower

s mai nt ur f rom abqut
pgineCpofybiaat ot 57 Rob shSaRT Rt RN A note
th& e @dlddbent Attt @ dimbiRecrhdred Ilﬁqh1dQH@8i<%)"|Qs edmﬁred to the
via |line 71, and the heated vapor-liquid m xture is

highet é‘éidrt’%enacg\‘?%?ﬁb?l1|2|4@|P635§1§|65rﬂ§’t @lmarf‘?g N omyqlgep distillation.
&' @6 KRImYBRAKEn 0P 1Bcds CARY §HRIIn Vdrahd WIS Fidvin Taeoolﬂhfg%ﬁhperamre
is renpved via line 74 to an accunul ator drum 75,
abhee pit Chwhscangertpdled hydracarhane hpgng Abeilin impaeture h@ww 537 °C,
a{nla tﬁé ﬂ dr? ent cg)ﬁte5€ t%[saclo (/e%eﬁf a@ﬁ(gncgfase Qﬁl‘%ﬁl CfF git rtﬂ?:e xpense of the
accumﬁ rum omt e cycfone I's rapidly re duced
thcmallyroraekeeidxqmd\menper ature of about 3200C by

|ntrodu |n a ecycl qu

of t ﬁAe ( urgnln o talgl t ﬁ)eelot O(ﬂ){ (rh%d ﬁ:nce dlrnutgmeial %en (ﬁ)ngl‘nts be[n Cf:en the
26e8/ alt%vfrra:uan sqﬁ rt&y unaomgerte'clIoVD]B everso haghtvlaam@ms hydiogdne and the

Ion bo of the cycl.one al on .
Pt PO MG bt O oG Th v B B Bl ecking
(Ils 15 ngeeght Qéircéﬁt)als lah nedidh8ori off i intpRowempA in mhh’iéf@h@bﬁ\/tﬁe VTB as a

i.n_the acc or drum V\,hl
Wﬁolas%ﬂﬁ@ﬁ%&{ﬁeﬂm quvl&rﬁm %q}eﬁaalr‘if%}“é fl] B\ﬂffFFéen&‘awﬁthF Myshogen
donRnGYedsaend PUREH Ne kRt féreaM IGenérille Gt leﬁlolyﬂlcacﬂau&e f&eﬁstock
into the cracked vapors to ensure the mxture is wel

hepiger hydogravgoaicat thah isj biglsr b at flaEivei frelsioek ooélérbe a more

&e@i@ab\f@ rykik Q%ﬂcgersf@&ﬁfoélg BEcadfidit nbﬁnfﬁﬁcﬁmde%t @ge hlgher yield of

preheater "and the conbined streamis’routed via |ine

Ipger Qlefinge SWraéleWﬂeélef OYoh A Ehinghierhe hoyad by aay Rateder Gerfy. it is
r

e P W en e o DRI ES: concen

kydeocahony thaebrded lt)wemtﬁdmblytums riig crapleng obhe h@ﬁVchh gigher boiling

' I . r

I.Jefﬂﬁgrgtﬁﬂg (c:l o%%?glgseor? ttl%;:\zj— ﬁle&?ﬁq%ke%mh Fw%sr EI n%)ﬁ%?tsgf%eklower

bmlmguﬁnadlonvef theobdllyrrdoked ¥ISC ky efdidces hic pmmmsl IeytraE:Esl Hydcbgen from

tﬁegrlgar]vsl ra]lge elfqglrlngs cf? %c\%te]br(‘r)trells'] tOP Itlﬁe ?Eg and nc?r{/)oratfed it in the lower

Hyling| fyHdcticén @frtm:tlhenmaﬂlgecbsk@b‘kTB tdier uved asgfyaﬂkt&cbrmmglfmdstock

tower bottonms as conpared to unconverted vacuum t ower

bottons. Since short residue or pitch is also the

heavi est fraction of |ong mesledue and of crude oil,

the data presented bel ow al so denonstrates that use of

the invention descri betPRerein W | ong resi due and
crude oil feettlocks Wifional so¥4Pastble i Ritch Giqyikr

quality Fractionin recovered Frac of Feed non-
Original from 537 C+ Used as vaporizable
Feed of Feed Pyrolysis Feed Frac of Feed)
Thermal Cracking
Wt% of Feed 22.201 26.775 48.976 51.024
%H 12.691 13.153 12.944 10.823
%S 0.23 0.356 0.299 0.307
9N 0.127 0.219 0.177 0.687
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pyrol ytic feedstock being obtained. By exam ning
certain properties of: (1) the fraction of the

wo b@veioky cracked product havi ng conponents WETUS2007/064602

normal boiling tenperatures bel ow 537 0C, and (2) the
fraction of the feedstock having conponents wth
normal boiling points exceeding 537 0C which were
converted to cracked conponents with nornmal boiling
PRENDRifRIAW 537 OC by the aforementioned

t WewsTel rekli aCKb N6 t he oismps oveneng 7im feedsyosk quality

can Qﬁqea3|ly1§§§p Avagslum t owekdot t om( ViE) o
mat erg @l was gragked uypser ther mpdgscracki ngzgonditions

at agpenperat yrg,of ahpstg 455 0G A si mul
distﬁ%latlon in accordance wi th A TM D2887 was
perfornmed for the VIB and was found to have an ASTM
D2887 T10 of 460 0C, T50 Eilﬁﬁﬁ_OC and T90 of 725 OC.
The lin Q ran of, t ke
pr o dﬁ%fs e\;\%%plgl hOWS Ote? gl%glcted Byro? SIS ezlelic[m a\llﬁ%{:t e O%Qtﬁ:nﬂgﬁﬁlcked
m&%blemmctduersgk pyrolyting Hitilldedbtaimed ey Studed vérp dedpevacuum
re t el.ow.that boiling tenperatures refer to
é§§§%' @3@3§$ﬁ3 5Pt es which are al so cal | ed
Si mulradsegted bél@w i thé fegulB@endratb® AP PEradrtin@ S process simulation using

OBl RS B Ben g SO By

}qaﬂwlrohﬁmet lgyr&ly@d QfakiRERS: hayitumglighthebddch grohe MeRhalckicRing a
bel ow 537 0C. The 6%?dro gen content of this 26.8%

YASHHAR e PR BaisriploRedsioskiagd (e heex dislatiga icpigfrem a vacuum

@Q@ﬂ&ﬁ@g”£§ﬂ&¢§29l test process and found to be 13.15
wei ght percent. For conparison, the hydrogen content

of t Hablsdk presentss thit rsdicted pyrelysipfyiidse WTB tsoPPYRG aingyle from
y% e theeay %Ea%ﬁed%b(ﬂlgt zﬁldm f) @lg’mﬁgs%wlhé%?/]dlstuﬁﬁon Vacuum
process and foundto be .39 wel ﬁf percent. "This 26.8
WW@QWMQmﬁWDﬂheﬁaﬁh@1mﬂkﬁmbmhﬂh@hﬂ@@fﬁ@@@@n&@ﬁwﬁﬁrmﬂMIMM(ﬁ
[ v
R T PR L I YRS TR S ahleve i
%wmﬁy\mbemcwmaﬁﬁﬂﬁ@mwbw.mhénna$ @mﬁ@kﬁn@ the swiciled coil outlet

'Flﬁlgerr%ﬁel {/ﬁ%rcaaé:& gr d’salg %a% Qéé"e 1(1(![ gcyrg;é% /geaﬁ% Slétm'?'g%l} %u:{i a§ gaﬁﬁ% feed, the

Qicghed chysliieganp&ant 8ihe trddkerdd)77pP€sent in the
remaining liquid fromdeep distillation. In the

t her mal - cracki ng process, the portion of the VIB
having a boiling tenperature above 537 0C was
converted to hydrocarbons having a boiling tenperature
bel ow 537 0C, and the hydrogen content in this
converted fraction was enriched, at the expense of the
thermal | y-cracked |iquid product. As shown in Table |
bel ow, the difference in the hydrogen contents between
the 26.8 wt % fraction of the unconverted VTB, (12.39
wei ght percent hydrogen) and the product of the 26.8
Wt % portion of the VIB that was converted by thernal
cracki ng,
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(13.15 wei ght percent)
I npr ovenent
w@e@ckem2d eed t hat

Is an indicator of the
inthe quality of the VIB as a pyrolytic
results from thermal - cr acki PQT/US1967/064602

difference in the hydrogen contents was found to be

0. 76 wei ght percent. Cenerally,
f eedst ock havi ng a hydrogen content
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'ﬁ{egﬁ /ﬁtg ne Rec%(]ﬁe hﬁa\” er, RI ghgr boi|l ér!l]&e tIylgtﬁlation
T agorcontont o5+ heL e “bor g £} o g ()
II_yUI U\dcl CUITITU TITI1U U1l 11T T UVICT UT 1T 1711 9 T1 Cl\.all Ul
herraly—erackedVIB—h e fect—tH-s—process—extragts
YFWXZ] 1 %euri\()}tﬁ‘ bOﬂA’@RI !K H ghe oili J\ng Iydlr Carliogls
ISPDYIGRE O Mrgthang mtip (udato)y at ed i in tlhe | SUEY boill i AU0
@@b@ﬂmﬁﬂé@PﬂWH@(ﬂﬁernalIv cracked UTB t 48k usdd 4425
pyrolytic cracking f eedst ock. Tabl € | Vapor Totlal 537
ICYDREYXHDBY | on Vapori zable Pitch (Lidquid, OBtacti dn 0245
MeEdowdNted Frac of Feed non- Oiginal fridmMms$37 ¢+ U6
BEHYBPNEiI zabl e Feed of Feed Pyrol ysis E®ed6Frag of7.576
Feed) Thermal Cracking W % of Feed [22. 201 26. 775
BBIAXE 51.024 %1 12.691 13.153 12.944 1006823 %8 00230
PRGPPLINEZIY 0. 307 9N 0. 127 0. 219 0.]177 D.®B70eep 12.142
BRSPANEation W9% of Feed 2 1.976 26. 775148, 750 51230
O 12 . 658 12,389 12 . 510 11240 9% 0. 237 0.292 0. 267
7g§§gﬁjgﬁho.1z4 0-249-0-1930-654 Exgnpi.." Thits .
ﬁéﬁf“lniignms the predicted pyrotysis ygégg ad‘ané%&%
of el —ecrackedvaperizable proeduct—feEsus .
ﬁ;Br[I];‘A E‘Jin dictill at az nht ai narlph\l furt a‘gsgj\lar\ HQJ‘J(O
CBUTYLENE & 777 7 77 e m e EY R 65 )l T34
ISOPRENE 0.936 1.011
PIP 0.407 0.727
BENZENE 5.961 2.835
C5 GASOLINE 1.312 1.785
RAFFINATE, +C6BOT 2.144 2.804
C7 GASOLINE 11.892 12.101
DCPD 1.881 1.431
HEAVY PYGAS 0.398 0.304
HYT CLGO 0.474 0.491
PITCH 13.273 19.878
CLGO 6.208 8.577
Total 100 100

The information in Table II shows that the pyrolytically cracked thermal-cracked
product yielded a higher percentage of higher value products than the pyrolytically cracked
VTB heavy distillation cut. For instance, the yields of higher value pyrolysis products such
as hydrogen, ethylene, propylene, butadiene and benzene from a pyrolytically cracked
feedstock that has undergone mild thermal cracking are greater than such yields for the

VTB heavy distillation cut. Also, it is noted that significantly less pitch and gas oil are
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distillation of the VIB feedstock. Presented bel ow are
the results generated by perform ng a process
wa@Remahigdeon usi ng a conputer pyrolysis nodel (BPIVR00T/64602
nodel ), licensed by Technip, to predict pyrolysis
yields fromthe pyrolytic cracking of: (1) the Iight
product fromthermal -cracking a vacuum tower bottom
ﬁaa&r fréth cfa8QHS the elermANFacked prolh& AR Y ndirfdkins!udd VOB heddl
froma vacuum t ower botton1¥eedstock Tabl e |
¢rtdledon @'t he predicted pyrolysis yields, using the
SPYR Y hile 'Eﬁ?éj q}lvenfl(grp %SDX)E(QJ Mgécﬂgedt e térﬁ@ré'fa{hleyplggeﬁﬁ% e[ﬁieferred
product and from pyrolyzing the heavy distillation
srefwdimant, gegsenablstvatiationnd nipHgicateons mretpysaﬂ@ebly fhose dhdied in the art.
%.1 Waﬁatﬁo%gsand% d‘fjf?ctaﬁ&ﬁ" ﬁg c\jVéng { %he e'sé}lbgé 1 entlon and
ogen to carbon nt ort the crack
@m@ﬁmdthnmas set at 1.031. To achleve this severlty
with the thermally cracked product as cracker feed,
the calculated coil outlet tenperature of the cracker
was 798 0C and, for the heavy distillation cut as
cracker feed, the calculated coil outlet tenperature
of the cracker was 773 OC. Table Il Cal cul ated Yields
Fromthe Pyrolytic Cracking of a Thermally-cracked
Product and Vacuum Tower Bottom (VTB) Heavy
Distillation Cut The information in Table Il shows
that the pyrolytically cracked thermal -cracked product
yi el ded a hi gher percentage of higher value products
than the pyrolytically cracked VIB heavy distillation
cut. For instance, the yields of higher value
pyrol ysis products such as hydrogen, ethylene,
propyl ene, butadi ene and benzene froma pyrolytically
cracked feedstock that has undergone mld thernma
cracking are greater than such yields for the VIB
heavy distillation cut. Also, it is noted that
significantly less pitch and gas oil areyielded from
cracking the thermal -cracked product than from
cracking the VIB heavy distillation cut. Wile this
i nventi on has been described in terns of the presently
preferred enbodi nent, reasonable variation and
nodi fi cations are possible by those skilled in the
art. Such variations and nodifications are within the
scope of the described invention and appended clains.C
LAI MS 1. A process for pyrolyzing a hydrocarbon
f eedst ock contai ni ng undesirabl e coke precursors in an
ol efins pyrolysis furnace conprising: a) feeding the
feedstock to a first stage preheater provided in a
convection

28



10

15

20

25

30

zone of the furnace, and heating said feedstock within
the first stage preheater to produce a heated

w@a®7hitgee d m xture, b) w thdraw ng the heat edPCT/US2007/064602

gas-liquid mxture fromthe first stage preheater to a
first vapor-liquid separator, c) separating and
renmoving at |east a portion of the gas fromthe |iquid
in the first vapor-Iliquid geppyad or, heating the gas

zone, feeding a first portion of the heated gas into a
fad %tpm%eggefosn yIoRERY ShlodH S RBGARHRYROLNEL bl coke
the gas to oddce ol efins, and feeding a second
Ipeqursopin of 0t€ﬁes eelyselfugease gempsisigs ond vapor-1liquid
separat or | | I t
vapor?l|qSﬁgkgg%%ggggﬁ%ngﬁ%ﬁgggggy ﬂm%ﬁ hg§%%1{§(mnVCUMI
1ope af thh &rrnak - al deitinggaid derdstocknditis o jedott stage Ptebeat@rmv@duce a
&%@a asﬁ 1@%n)ﬁyllthernal-cracklng conditions to produce
W ¢racked product having a significantly

dim rlu) S hednth&awmgfthealmetated Raciqtidinmitiog foanho fiesnttggenpreteater to a

O{HH| bo“% %TPO|nts above 537 C, e) withdrawi ng the

% SPRAT Y BEREY product from the thermal - cracki ng

zone ch 0 t bpameia@nall rvapoinglat Guitd Bepar @ty gasfijom the liquid in the

orlz and re VLn at | east a portion of th

rﬁ Yararit ?Jq% rs%{@}?é?i‘ gﬁlben%% ifi% HPRoPHsS PES’BFa}t“Frr{F&OVlded in said
Ravatisn behQWekitng Q(ﬁritr ponidher kticOndagbdf g8 Ghio0N ridiark W8ne of the
second vapor-1liquid separator, feeding the renoved gas
pykelysiafumge ant Py olangthe gie t%plioewsql%fmﬁ U desdlinggigeond portion
FNROh N2l Bk tba%e&ﬁ& v dpz)rmq&d@ ar@befins, and g) renmoving

t he renalnlng fraction fromthe second .
vapord) | i qiith f§‘é@@rﬂéﬁ kiuid from ghpfiirsicepsr-Hgyd gpprigioy2nd deeding the
@%@C&Fﬂ(ﬁlﬁ@% ecﬁtgﬁltap&%d&%w(ﬁienhﬁm sMﬁﬁé tﬂ%b}eﬁlo‘%&i( ﬁquld to mild
precursors in an ol efins pyrolysis furnace conpri sing:
hyrfaberdinee ¢dnditivee@srobke g theambliy-eecked arpelugirhehieap eignificantly
BhBHRE Sl fFy HORKARA R, FRPeRl P pdtl Bifoe BEhs above 537

freheater to produce a heated gas liquid mxture, b)

\é\no:,]cg ?:MO ﬂwgt%%l)rpa]\gfmh qﬁ? ﬁ‘dm?ﬁl?/ ncgaccgfl:'lci gl]l tfr%r eth!: 1}%%}1&1 hcracklng zone
meMEmaﬂMWhmnumammemamvapor-I|qU|d separator

separ.ating andrenoving at |least a portlon of t%e

fromilhe RESPEHEgad. Ftuliing fh Wt & PAR flelie PRy -cracked
doRipoNEt WidsndrihDbodlifegdiddbel@o®r af fréh ﬂqeﬂ}qum fy£&tiSn in the second
furnace, and gyrol 2|ng the gas to rodg

vapor-liquid separator, feeding th€ removed gas into a radiant zone of the pyrolysis

furnace, and pyrolyzing the gas to produce olefins, and

2) removing the remaining liquid fraction from the second vapor-liquid
separator.
2. A process for pyrolyzing a hydrocarbon feedstock containing undesirable coke

precursors in an olefins pyrolysis furnace comprising:

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

b) withdrawing the heated gas-liquid mixture from the convection zone of the

furnace, and feeding the removed mixture to a vapor-liquid separator, separating and
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olefins, c) feeding the renoved liquid fromthe

vapor-liquid separator to a thernmal cracki ng zone, and
wa@adyacdemg the renoved liquid to mild thermal PCT/ESI00TIQ4602

conditions to produce a thermally-cracked product

having a significantly di mnished heavy fraction

cont ai ni ng conponents with normal boiling points above

eRbviEai lefkt aPBARMI0Ghet D€ HoREMBREL e gsagh@dmawa WAd feeding the
ee

fromthe thermal -cracking zone and ing it to a

SRy §sian gl d Fdianezong ahibe PYIORE!S AWaaqeeIYYyZRe the & to groduce

fotdi on of the thermally-cracked conponents with

normal boiling points below 537 0OC fromthe |iquid

fractc) on fagdiwaitae smpdvpilingid AZeme theayapof-bewd nepatdtes to a thermal-
(o) | . ) K

GERRECRnR Yl e Int RN 20 Dbl LIRSl ons 1o

pjb@fcbn’s;heamdlyfc)racﬂ(ednpm'dnq hdvengr emntﬁcngly diminished heavy fraction

SNEETR | Shagkesh bl @il dact i ono (L ba) dhe stripping

Z0ne. =3, process tor pyr§| yzi'ng a hydraocar bon

f eedsi) ock ramavinai the nheruattgsiaciad! @odiek éropr éeuthsmras-ctatkiag zone

ol.efins E rol.si s furnace conprising: a) feeding the

?ngg%eélfnéd '3 rﬁ’pﬁgrzg?e’st age preheater provided in a

convegt i oRapbeiRidg Odndt Rendvitighac @sas@ndpdreian | digths athGrmally-cracked

feedstock within the first stag reheater to produce
FUREREY W&gnélorfflaﬁogh% BRI é’?foﬁ") %72 e(g iqﬁ)é“ Hireligriq fagion in said
g@%ﬁﬂg' gitledadtl Feding thedrenolvBe b®ibn Ghitaaké RUliAOAEne 6MNGhe pyrolysis
subjecting the mxture to mld thermal -cracking

foEnes enbpaolygng s dereeved Peiep fadlpinscidcked product

havi g a sdngiidel (f@Rhladhifl AR i8N ehch@aryid fR654 88m the stripping
cont al ni ng conponents with normal boiling points above
/87 0C. c) withdrawing the thermal -cracked product

fromjg I%?oc@:ﬁef’o%lyfo%rzﬂfgkg %gd&Qﬁﬁo@%détéﬂke%nkmng tutﬁ%mrable coke

having a tenperature of at least 400 Cinto |
Mequotorzie apvlelipgpstrolasiprnace porfrisinge t her mal | y- cr acked

co ent ' il e [ 537.0 .
or oddbe. aniat " Raparer aurP e ahge AP i Feflficion
heabedic Wapore dndduatthgryrid tfepdetocknwdhia theapeirstdge guehehter to produce a

separator.. e) renoving at |east a portion of vapor

%eg{r%“? i ﬁ%md]tnh’gé?r%al | y-cracked conponents with normal

boi | ibhg pédeding thelhewed 3ds-QGuifl romxntré @o vwvagermalicepekilg zone, and
' d. separat.or, and fee

PTG DU SRR Gh Rk ERaD G /0 B B L g EFecked
product having a significantly diminished heavy fraction containing components with
normal boiling points above 537 °C.

c) withdrawing the thermal-cracked product from the thermal-cracking zone
and injecting steam having a temperature of at least 400° C into it to vaporize at least a
portion of the thermally-cracked components with normal boiling points below 537 °C and
produce a heated vapor-liquid mixture,

d) feeding the heated vapor-liquid mixture into a vapor-liquid separator ,

e) removing at least a portion of vapor containing thermally-cracked
components with normal boiling points below 537 °C from the vapor-liquid mixture in the
vapor-liquid separator, and feeding the removed vapor portion into a radiant zone of the
pyrolysis furnace, and pyrolyzing the removed portion to produce olefins, and

D removing the remaining liquid fraction from the vapor-liquid separator.
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pyrol ysis furnace, and pyrolyzing the renoved portion
to produce olefins, and f) renoving the remaining

wO p@aitg79te acti on fromthe vapor-1iquid separ at PET/AS2087/064602

process for pyrolyzing a hydrocarbon feedstock

cont ai ni ng undesirabl e coke precursors in an ol efins
pyrolysis furnace conprising: a) feeding the feedstock

10 a A ipkcebssStof @9ral AR AthSlroBIroM AREsthdk SonEMRNE Ghd@Rable coke
zone oP,the furnace, and heating said feedstock within
PIFeUIFary Brangichige PP RHE AtrBtcCCompivRice a heat ed

gas- Ia!) qul @ee[ﬂnétth'é ?eed&%ck%oh% ﬁ?s@‘é‘[a ) plréﬂgataeﬁ{)@lged in a convection

gas-liquid mXture from irst stage preheater to a
Fong gf thy fpyoace] 4nddreaiing spid feaderpck withig disalrsitsiagg peehepter to produce a
1&%@9%&@&%&Hrﬁiﬁﬁ§t a portion of the gas fromthe
gas-Fiquid mxture in the first vapor-liquid
separbat or withdrawingghd lreted ags-lignidmdme frophthe Ersp stegraatienter to a
ﬁéﬁ%ﬁggﬁlﬁQ&JQEm§aid convection zone, and feeding the
eat dféhs I°Rt'0°4d radi ant zone of the pyrol ysis
furnate, sadpdrapyg @hd/ znngyirghe 1¢As a tportion ad ube g6l fedih nise gad)liquid
wi t hdr.awi n he liquid fromthe.first vapor-|iquid
ity 48 91 P ol rep T izt st & yogfphie preheater
firb@d¢tein 116y atkdofgecaomnsne amell Betine Cel Hagted B i@ AONESht zone of the
quuLd to m|l thernal-crackiq&ﬁcopgitions to produce
RYOHET Htacs 2pd BERRE MR i to aPChg e S gni fi cant |y
di m i) shedih@awihefth@Bddi®@ oM @dsiWapr- BRIPUpEatos, anl deding the
normal boiling points above 537 C, e) wthdrawing the
ererifaliqud & adkemaprading 29ncoand AdiccHee e caroxek ﬁﬂf@d to mild
BRARAI1-LQAci@nS&MANBnY BARbdUCE 9 SAmBIBPELALE hrodhidt Ha@ﬂngﬁtslgﬂgicantly
steam having a tenperature of at | east about 400 C
qJirprasheth eaygdmston apurning gamponsatsaridt sermagboilipg peiptjahgve 537
1d renoving at | east a portion of the
thermal | y-cracked conponents with normal boiling
poi nteg  beMWBRINLOE fhemmlly treackedyproduct fragy the hefmalickpsking zone
r- | QUi eparator, and feeding the renoved
té%%??%ﬁ“%ﬁ?gquﬁéﬁ?gﬁ} zone of the pyrolysis furnace,
and gyr ol ygécnge tstvemr lmvonged tqparetaton of gt peasd etpat dD@T Cneto the

gggmh)(%gpgxfn m&BF remaining liquid fraction fromthe
secon&pvaﬁ%rf$ qurd separator. 5. The process of any

of clgai s vdpodizinhedrell rens@irg A lchst hepordbn aifatiki thgrmally-cracked

GIReh s R P SR rRER R R 1 Ry R Sl T second

Vaper gl d Shaaior,ngd 20 yg ilf rebvddgond i@b atritBant zone of the pyrolysis

hermal - cracki ng conditions wthin t
tIurnace, and pyrolylélng gle removed portion to produce oﬂ:%ns, and

h) removing the remaining liquid fraction from the second vapor-liquid
separator.
5. The process of any of claims 1-4 wherein said mild thermal-cracking conditions

include temperatures in the range of about 425°C to about 525°C, and wherein the liquid in
said thermal-cracking zone is maintained at the thermal-cracking conditions within the
thermal-cracking zone for a time period of from about 10 seconds to about 960 seconds.

6. The process of claim 5 wherein the thermal-cracking zone is operated such that the
remaining liquid fraction from the second vapor-liquid separator is stable with no
asphaltene precipitation and has less than 0.1 weight percent sediments as measured by

ASTM D-473.
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t hermal -cracking zone for a tinme period of from about

10 seconds to about 960 seconds. 6. The process of
web@rmB2wherei n the thermal -cracki ng zone i s PEPUSL06T064602

such that the remaining liquid fraction fromthe

second vapor-liquid separator is stable with no

asphaltene precipitation and has |less than 0.1 wei ght

percant HekITBNthiAS MRasHr 8t erfIMddnd "@nditiod Rsult in the

process of claim6 wherein said thermal -cracking
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fron1about 000C to about 9000C, a pyrolytic crac |ng

peegsutdrat abeuontd atsoud absutp¥) psit, andlydwteiBdiepmieus dladions are
SJeﬁ' @ &b TyRARS U&cﬁlﬁé‘i‘%@cﬁ%g %ﬁ’iﬁ?%&‘i’an’t %OLQ for 4 pyrolytic

ytic I'ng co ions W't he radi ant
(ﬁ&kn@tmyi@*@dupwmﬂhaangtUﬁﬂEmpbr|Od upmardly to about
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ver itk roce S Voé e(l)n ph C]UIIHS zleég a\}lhe{e¥n sa1d pé)g?]lfluld seBarFltor is a

&ﬂ@ﬁm;dvqmrﬂqﬁ@p@aﬁﬁmr 12. The process of claiml or

ﬁegﬁ@ﬁgggsq pgﬁt{f‘g g\illgf}fegrlfl %Arpgﬁﬁe%t%(ggﬁ?ftpiﬁt%ggzgﬁéded to t%e heated

Pk aledteikuad frém PR ikt Pdoe Pichb@etarppi @ribe chiry &t the flrst vapor-
vaporliquid separator, and wherein the tenperatur

%WCHSGH‘?“P@{ iBth WaeTeiA S Emagraluged said dilpion Sfﬁa@né ft 1@%%9 t@.élgher

&mg’féﬁﬁéfaﬁn@t)f hPBenRRL 8 d8Smkd,Qui d m xture. 13. The
process of claim1, 2 or ﬂ wherein said

13n dheratocess at Riniwy | Zberet wherpini sglés;hfa‘mgb@rktémngdaonw%msnga soaker
gﬁ(vj&l% 9:% 16 QJ%JOF{%& ?a'hﬁ%; Hﬁcf refl fE mﬁe‘?r?&%dﬁdn”e in

FOCESS O rein sald
Pbéh@p@g%spéc@mibamemufmmhk@hewgnwﬁbdc@ﬁsm@h¢QQMDﬁmBBﬁngof

crude oil, long residue, short residue, heavy gas oil, vacuum gas oil and mixtures thereof.
15. The process of claim 5 wherein the thermal-cracking zone is operated such that the
remaining liquid thermally-cracked fraction from the stripping section is stable with no
asphaltene precipitation and has less than 0.1 weight percent sediments as measured by
ASTM D-473.

16. The process of claim 6 or 15 wherein said thermal-cracking conditions result in the

conversion of at least ten (10) weight percent of the 537 °C plus components present in the
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crude oil, long residue, short residue, heavy gas oil,

vacuumgas oil and m xtures thereof. 15. The process
wo@tooch#iono 5 wherein the thermal -cracki ng zone PGI/US2007/064602

operated such that the remaining |iquid

thermal | y-cracked fraction fromthe stripping section

is stable with no asphaltene precipitation and has
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ASTM D-473. 16. The process of claim6 or 15 wherein
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SRR L B g £ peqrcen 98, "The process of claim
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10. Xi Ne Qrodebreothdained vaseih itgpuihdrmmallyicudced dSmpohbfts with normal
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hydr ogen wei ght content of at |east 11.5 wei ght

percent. 21. The process of claim4 wherein said

feedstock is selected fromthe group consisting of

crude oil, long residue, short residue, heavy gas oil,

vacuum gas oil and m xtures thereof.
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