WO 2011/ 130103PCT/ US2011/ 031662 DELAYED COKI NG PROCESS FI ELD OF THE

DI SCLOSURE [ 0001] I n one aspect, enbodinents disclosed herein relate to the
product i omoabiiesk®m3f rom | i qui ds cont ai ni ng conmpounds t hatcTrmsyobe3wsacked to
produce carbon. In another aspect, enbodinments disclosed herein relate to a
process known as del ayed coking. In another aspect, enbodinents discl osed
herein relate to a del | ( tiple parallel
serpentine heating cmﬁﬁﬁn&&ggffémwaﬁm f eedst ock. BACKGROUND
[ 0002] Coki ng can be considered to be a severe thermal cracking process in

whi ch one of the end prod ﬁFEEgJQFVTmDISC{L@SURE' coke. The del ayed
y de

coking process was initia vel opéd to mnimze refinery yields of

resi dygpofluel oiyd ofy; LS dil; ' f Mﬂﬁt#é i dual s
and tﬂer ma!l tars ?o ar??%’uce (f:ao %ﬁgﬁ%clﬁ%%h%%fegﬁg a@g&%dgﬁttl y r(%?ra E-!ons.
U. S. Pat entlighids cortaif#@, codipoainds thataday BSrackei@o piodateosticds Iafanvthecdspadte

i ncorporated herein by reference, show exanples of del ayed coking

processes. enbodisiemsclisrdosad dareorelate ton peassss kpomar asl dojayied wokings Ihanethay t he
feedstock in the condui r . tubj ng. of t ube heater. to a tenperature. above
he. or acki AP PLAmBRGMERS dicidssd hin sty he gt cokine Bedte TVRe VEBBEITy
t hrough th bfamti [fnlff‘&. J { . use of feed rate
such as to%%ﬁg?%@gnt%ﬁlﬁggﬁ%g o?ﬁ?%%t%thgg%%&ﬁﬁ%é heat ed conduit of
the tube heater. The tube heat BACGKEGROINDreferred to interchangeably as
coker heaters or coker preheaters. [0004]In U S Patent No. 4,049,538, a
coker [po@d]eat er Cbl‘éin%lclmlﬁé EctsRidredl (5 BE AEERré fdtrhal c?a%king?ﬂ?bdwme\ﬁhiéﬂ ond & U. S.
Pat ent No. 4,547,284, a coker heater is illustrated diagramatically as
i t em nunbethe2dd rhdudie etmeprifecesimdle. adket Ahe delaiyerd) colany praxesy was smipalbsed

fromthe hga%?}lpn zone .t.0.a coke drumwherein preferably the mayjority of the
coke formatf kiesMymguze rehern oniglds pf atesidud ol by saversucipekiagudd a

sufficient Lden t] ows. . [ t ce. Typical t he
neat ed cokiabaSaibhcy RadulRialh B Al diS 3P BPIS ot i e,

mai ntai n t kplealkt NGeibht h8rodabBhs.| USS. PRIRRCNGsUr£049)538Wend 4,547,284, the
2011/ 130103PCT/ US201T/ 031662 the range of about 750 to about 975F. As the
process pr disdesiges ebivbichcaanntapersted rherdie by alefengncelr shomaexhmpled af delayedhoved
by techni ques known in the art. [0005] Alt hough nuch effort has been devoted
in the pastO%REPPEFFG ng conditions which will allow for the del ayed coking

f eeds to berhe d ta t.he cracki ng tenperatur i t hout . t ormat i on of
undesit[m]e car’glg%%glgﬁ%&sici) O PIPFEs &?ﬂ%ﬁi’ IBYOqY%eﬁ?ﬁ‘Wgrt%ﬁefﬁF 0CKe %n
deposi ti ongd um@é{i cdo%ﬁ.l? t e?zgfe?a

probl em [c%dg(t)l%]régl n addi%iﬁlggﬁlf%&?ﬁe e F@gﬁ{: glgoav\?cglll%l&rgg?g%% epggﬁet‘%&glneai n
the coker feedingrthe if¢edstoclalasa liglsiveldity chrongh érseonidbi. Theapiitnymobpdritéon

del ayed coki ng, units. The original design for del a¥/ed coki ng units
consi st ed BWolvgmihe usp ek feadrateosush 46 &9 sninmire thewastust farmetien of sprbpm arl ther om

t he roof a of ~fuhe n.e |, with the tubes, being,heat only
i the.r adi e SBYGP b BEASE: BHE3TR: Whe sybiecinb B 1SR B fedSeefing
uni ts i ncl sdekar HbateR] R-chkérsfelfeatesy, heater design, such as described in

U S. Patent No. 5,078,857, which is incorporated herein by reference. In

t he' 8004kt ent , Intlh8. Pabmysl 4,049,538, heake prehestenn’ iludttatdddtag@inmatitallyhe
center of the box and burners against the wall so that the tubes coul d be

heat ed frof§Bodmbsrdds, InhikSi FetaaasNag 4.5%,28at a f ¢aker rheater hiidusteatadgn

al so all owgd for reduction in coil_length, pressure drop, .and residence
time, and@figr&%g’&g?%s' %H@B%Bercgpgaeﬁvgtﬁ@rfe@gp% at F’GG@ SREMBFATHS Snow t o
Figure 1, i : I i i j s fLred

el ayed oo peah Haling RircRh aoke afih WhEEH] SRR teh BpAgLT e boke®l
ser pent i nefocmatfangrakeatplave. I e ihidatb® adley druil, et siirge dAen Neaiffitiemutesidence

| ocated toward _the upper and | ower ends of the radi ant heating zone,

respect i velife alowis the epking tl tale plaspeRymwicallyn the hestadi eking fegdsotkehasebeent he
wal I s of the uble-fired heater. [0009] To further _ increase the capacity of
such coker BB ALSTperite SRR 1o GrroRah (s coliEs Bulbe SHB: kAR o

| ength of the coil, such as described in Catala, K A et al., "Advances in
Del ayed Coki ng Heat Transfer Equi pnment," Hydrocarbon Processing, February
2009, pp. 45-54. However, in new designs, the capacity can be so | arge that
these solutions (increased dianeter and/or coil length) results in one or
nore of higher pressure drop, highey filmtenperatures, higher tube netal
tenperature, and increased residence tinme, thus shortening the average run
l ength. Alternatively, nuSUBSHETUIA SHEEIe(RYULERE) be used, which can
significantly increase capital and operating expense. 2 SUBSTI TUTE SHEET
(RULE 26) WD 2011/130103PCT/ US2011/ 031662 SUMVARY COF THE DI SCLOSURE
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WO 2011/ 130103PCT/ US2011/ 031662 sheets of flame upwardly on opposite sides
of the multiple parallel serpentine heating coil, the sheets of flanme each
i ndi vi duavbyoltyisogsi n a pl ane generally parallel to theppraiseoiinswh ch the
mul tiple parallel serpentine heating coil is suspended. [0014]In sone
enbodi nents, the heater may al so include one or nore of the following: a
flow splitter for splitting the flow of the feedstock into nultiple

correspondi g raigecdfaboiit 130e0 AbUtIIEEF. PAIthE bRceEProRBlY, BkeRBhhates & the a
flow m xer for conbining the heated feedstock fromnultiple corresponding

outlets of ecolangdium g51dds rteratmevedortpdmiqueskimeet inthe ardi | ; a tenperature

streamof the flow m xer for neasuring a tenperature of

sensor ted d
t he cor‘h&ﬁﬂd heamoq@éag%ifﬁqﬂ hasbean devotedon thypastin previding qeaditinps which

operating par r t | ayed i,n eat er .based on the asured
Cenper at ur o o0 RE TP thet /40 KA FREER OKEE Beudby Thectoiiite [ERRIAEE
embodi ment s witho@! the EStmaA6R b ufdsRdlle bbEn BERERS | e coR®A dftle RolkFdatkrck 10
a del ayed coking heater to del ayed coking t'enperature. The process nay

i ncl ude: spkarben depositibh owhe tomiuvite efithe cokeriheater still @htinweb taberaiptoblene par al | el
ser penmb@lemheati ng coil vertically disposed in a del ayed coking heater, the
del aye i ng hbetdditiandaphe desitg:10 avoid satbag depesitian indhe peker ppaser, itris alsower

radi ant heagin %ections, t he verti.cal r'[ulti l.e par. Ilﬁaeeser. néi ne ﬁ)gati ng

coi | di sposg%imggt %%Waéﬁ&h%ﬁ%@ﬁya gl?et delaysd, P‘Elg s OGE'B&S Shen

of burners FAEAPosoHE WG Pkl BE SR bo SRS RERGS Py ARAsDof e 1Y
g vessel on

each side ofuspérelednfiom fHeeropfiamd b ebw fmales tonnecheallll mathale hubes bamgtiRatee
capabl e of providing_ and directing sheets of flane upwardly on opposite

si des of t henlin thepadians seciionof thsdegient i ne heating coil, the sheets of flame
each indindual Iy lying in |.ane. gener al | aral] el to the plane in which
t he wm(yﬂ e paré?‘?tér‘p é’fyp@eﬂ?)}%ﬁepo t YR @@}X‘Iiepﬁ sd°§{2|]§1fl§?Fg€@$er H’gétﬁ E@Slgfhe
f eedstock t e . I; e ! ec | i pl | rpenti ne
heati ng coi ﬁcgréesg%i%??% “Egé' égg% %EM'O%E%’?% %rcbegp%ﬁ%%%teguk 'f%?‘ngf t he
nul tipl e pafefdrbride. $€HRESHT paeenh@hé d¢18ycdokingdegtef @é@%xﬂ)ﬁ!gﬂie%ilfih% &ntdrhe

ou

heat ed feedstock fromthe nultiple correspondi ng ets outside of the
heati ng vessfthe bax suEsTnearyzgaisitEETw 4R Bapky tubacould be heated from both sides,

R R R e
an operatin r;atﬁ@ﬁ : { RO : 4t he neasured

t enper at ur eﬂrg t he c’(;%hn%?énsle&cfnﬁee%?ée’%@ glel(gl‘g ogﬁ}ﬁ%géi%gﬁgﬁegg%%cts and
advant poeg) wi | | Me@ﬂ%%%b Pfi%%é:lti‘é‘orfv@ﬁﬂi&ié’i 'oﬂﬁ%lmegigﬂuéémmta%ﬁwended
cl ai ms. BRI EF DESCRI PTI ON OF W NGS [0018]Figure 1 illdstrates a

convent i onafired delaped eoking lwater isddlestrated. SEet doil extetidsibick-dntl fexth ihed sorpehtineki ng
illustrates a del ayed coking heater having a

heat . 00191.Fi 2 .
R i 6! pateRF RIS Ao e aeetes  inlet Qo) heror St R C OBt fsstispenani n.

Loorul 1 Uy Ehds ot fiB,58ia ARG Db RGReb Ely. S UenBny SinsfSdl M o
di scl osed hesrtedahplah¥ddvbERhPRAERLFHE GOUHIAPEdd tRafeer ring now to Figure 2, a

del ayed coki ng heater useful in enbodi nents disclosed herein is

i |1ust 08, Fi dio furthes oyensather @pscisest sueh wkerehditdrg)ietachdenngopeet @ 10.
Del ayed coking heater 10 has a radi ant heating zone 14, and in sone
enbodi ment sinFREgse; the ametes apd/ay kenethoef the seil.ngyck @p desesibed cGately, KnAt teal.,

i e
preheat o0 TEauty oM . KORKCOI\ARCE e i ahe Aaby Bk g |

heat i ng zorthest4olufibes (irartadd idemetsdramld/orryil Dengtigcrevdtsael one @mhdie ofbighicp! e
paral l el serpentine heating coil 26 proximate the | ower end of the radiant
heati ng zorREesswigtdrap, aher; film, tempsrasurss, higher taksi metal fieaparaiyrez 6né increassd

i ncl ude wal ignat.ed 34 and 36 and a floor or hearth .42, Nounted on the
floor are trjﬁsgd%@? £ eahlg; sﬁpgl?rﬁrég AV EREB Ih 6A&ﬁ@éﬁﬁve£¥’ernﬂlitlf’ggfe@g‘n%p

i nsi de radi@né miest LRd. FRIRE caddtsiohfictht ! wthin.a tile 48
on the hearth 42?agai nst onec o?lgl'ltﬁﬁe ﬁ?g@%ﬁ%ﬁﬁ@ﬁ&ﬁﬁp%ﬂéﬁ to the
hearth burners, the wall burners 56 are included in the upper part of the
firebox. The wall burners 56 are nount ed on the walls. [0022] O her del ayed

coki ng heaters may al so be i.sclosed in U S. Patent No.
5,078,857, and those di scl §E§QT|J%£§F@EIWL€@%& ., "Advances in Del ayed
5 SUBSTI TUTE SHEET (RULE 26) WD 2011/ 130103PCT/ US2011/ 031662 Coki ng Heat

Transfer Equi prent,” Hydrocarbon Processing, February 2009, pp. 45-54, each
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serpentine heating coil 26 may include 3, 4, 5, 6, or nore flow conduits
arranged in a simlar fashion. [0026] Referring to Figures 2 and 3, in
oper at i onwotzhe/Memwdst ock that is to be subsequently subjpertusdoti®o3weXi ng i n
a coke drum such as a heavy oil, bitunen, and other "residue streans,"” is
i ntroduced into the tubing of the convection section 16 through the flow
line 22. The feedstock then passes through the heat exchange surfaces 18,

20, to the |ower portiong qowﬁgpmlsgﬁd)?wr%gd then to flow line

24. The flow may then be split into t inlets o tiple parallel

ser pentjppR)|heat i NOh#x0hden2Buh® §Rdt SHcreabed !I;%Péc?fg'ﬁfﬂan@/%ﬁti Pﬂ)v&?_ b@Rod4f aThe
feedstock then travels through the nultipte parallel serpentine heating
coi | to thedelayédetckirigniatérithaysbe athésied by ushef raniléple paedlel sgpaint iheatinkd.
The burners 46, 56 provide flames on each side of the nultiple parallel
serpentine K&at Aidisednerems ainvltiple parallel serpentine heatingnepikredars ¢na heatingreoilhot
gases fromt -adi ant (heating .section 14 pass upwapdly f t.he radi ant
neating sectiot B0 SR ARG bred  RRGTENPETR avd S SofifgoR
section 16. E@tﬁ%ﬁ%ﬁﬂ&mﬂ’ tuBth E%icfherﬁ%ﬂ)@%{fsfbﬁéd ehtdlll Yo 'ar\teﬁﬂfi}'gl%ﬂe it the
6 SUBSTI TUTE SHEET ( RULE 26)g WO 2011/ 130103PCT7 US2011/ 031662 Ctonvecti on
heat i ng sectadomt héatingsedtniofiatdellyéd/cdkirgs ledteny t he hot gases fromthe

radi ant section 14 and then is exposed to increasingly hotter tenperatures
as it MU t hr olbnilowef featstonk the heaterrel] aenyi bersplitupstreame! the hestes and fadhe

T o B R PR e ARBAT S mbBh E

t t _ - tiet
Tyorcarly. Cepdulioard SRURACH £hy Aacl Sihils e FRRA SpmRR AR (ujvely
exi ting t heunifidrindy ovdr thbentireQath)! The Gichted fobdstbek Rewiie thrduel RS Bidieembre t he

range of abgut 800 to about 1050F, such as about 850 to about 975F.

[0027] The f flow ¢andwits pE theumultiple paratielesempanting lheatpgr edil slaystbem dat ombitedat i ng
coil may then he .cqnbjned and fed to the cgke dr for further processing.
At enper at UPESISEHEIIeD B R PHSLPOEERTE 168V L GIES i HAS B # of
MeasUring asieFRPALALME relulddCinCP FRUOSEH RSRLAS 46 ARkRALd ABELR: &OPI LR
system may be used for 'adj usting one or nbre operating paraneters of the
del ayed cokamcleasttigiicapaitgand/er heeddstraclenfthow rate, fuel and/or oxygen flow

rates to the burners, and other paraneters as known to one skilled in the
art, bd@M@lon t hia ensasprotembediments discdosed hetein mbatbtma delaypert eodtirfacteater dark

0028] Advapt ly, tinpl | pentine heati il
b i Scl 08 cReaUEE & gk ip sad FBking Rempias o 164 COHEE AEHPOMNgBc Mk Rensed
del ayed cokj i1y . . t ti
ot 17 t e E8hEhe SRAEH Kool JofERGRoRHER A ol pBRich O e LR ' "
coi'l in thebiraeh ®bfioh&Rt kil GppéwortibrPWRIudigd MwaBMRLhE! SeE@sh, ithe h&ethRahérng

coil located in the radiant heating zone; thinner tube walls for the
heati ng coi $ectipn eameprising aplurdligaof heprthdweners loseted adjbeentrtn thie bogompdreartthifers f or

the heati il jnt di.ant heat | ~and |, d_run lengths,
among. ot hor 0k ) P secliy el eone ook B ¥alh QumgbwsHen ean PA RGP HRLRar el
that th ' | [ | g i | I :

Signi {1 cant 15 FAmSECio Pl aBRAPR) ooy sl 581 s RERHLE baldhef somentine,

zone. For eheting €oil lob&ed Bfthe eattimt hedg@bnéd he mul tiple parallel serpentine
heat i ngo coil of the present invention, conpared with that of a traditional

heati n{dM3] 1, i shainnther aspeét; smpatiments disblosécchereia relae\o aidelaybd chlhg beterg

exanpl e. [0030] Exanple 1 7 SUBSTI TUTE SHEET (RULE 26) WO
2011/ 130 103%(:%%@2@1&}3@3%&6@ qelryed cokjag sempsratyre. al hfefledgned cokiogrhyates mayr

havi ng a co; A . radiapnt, heating coil, is ¢ red.to the sane_heater
naving a mbigr e BEnE S0 bR bt B o EOPRT SERAS el oS Lhedifen:
di scl osed h@uRiple paFdiRVScPpentiBE Hedting oil Aispadsd bRtvRRh ah@5pded Bp£2868 oppbHa32]
The multiple parallel serpentine heating coil includes two flow conduits,
simlar to difeawalls dftlst heating vesselRhpugle whichhbe feedstackds Bansportad, ant erphdhlityet er

an aver age |1 th'logkn ss of 0.33 jnches, and an inner djaneter of 3.09
i nches. The0¥tﬁ}dén%%\ fte@ in theolgweb Frgliant section of dherigating vessshemead sidephthst i ne

heating coi 4 hori,zopt al .passe hr ou t he ragdi ant, heati ng
cect on. [ 00U SRS AP oif 35 RE T, PRI O Brof g e, dFRG R
illustrated in Figure 1, includes has a 5.15 inch outer diameter, an
average wall thickness of 0.39 inch;s, and an inner dianeter of 4.37

i nches. The conventional ragj i j 36 passes through the
radi ant heating section. [%gg%?hﬁgﬁg%$Pgﬁﬁg“%gﬁgﬁ%fhe del ayed coki ng heat er
having a nmultiple parallel serpentine heating coil is shown in Table |I. The
performance of the del ayed coki ng heater having a conventional radiant
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0O Velocity 71.65 Avg Tenp 503,98 Res. Tinme 1 45,06 58.355 501.85 0.278982 2
34.94 40 499.59 0.407 3 29.14 32.04 497.26 0.508115 4 25.2 27.17 494.88
0. 59919 5wd20B21380376 492. 44 0.685185 6 20.13 21. 225 489CIAISO)110F (82

sheets of flame upwardly on opposite sides of the multiple parallel serpentine heating
coil, the sheets of flame each individually lying in a plane generally parallel to the plane

in which the multiple parallel serpentine heating coil is suspended.

[0014] In some embodiments, the heater may also include one or more of the following:
a flow splitter for splitting the flow of the feedstock into multiple corresponding inlets of
the multiple parallel serpentine heating coil; a flow mixer for combining the heated
feedstock from multiple corresponding outlets of the multiple parallel serpentine heating
coil; a temperature sensor located downstream of the flow mixer for measuring a
temperature of the combined heated feedstock; and a control system for adjusting an
operating parameter of the delayed coking heater based on the measured temperature of

the combined heated feedstock.

[0015] In another aspect, embodiments disclosed herein relate to a process for heating a
feedstock in a delayed coking heater to delayed coking temperature. The process may
include: splitting a flow of a feedstock into inlets of a multiple parallel serpentine heating
coil vertically disposed in a delayed coking heater, the delayed coking heater comprising:
a heating vessel having upper and lower radiant heating sections, the vertical multiple
parallel serpentine heating coil disposed between and spaced apart from opposite side
walls of the heating vessel through which the feedstock is transported, and a plurality of
burners located in the lower radiant section of the heating vessel on each side of the
multiple parallel serpentine heating coil so as to be capable of providing and directing
sheets of flame upwardly on opposite sides of the multiple parallel serpentine heating
coil, the sheets of flame each individually lying in a plane generally parallel to the plane
in which the multiple parallel serpentine heating coil is suspended; heating the feedstock
to delayed coking temperature in the multiple parallel serpentine heating coil; recovering
heated feedstock from corresponding outlets of the multiple parallel serpentine heating
coil; and combining the flow of the heated feedstock from the multiple corresponding

outlets outside of the heating vessel.
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[0016] The process may also include one or more of measuring a temperature of the
combined heated feedstock; and adjusting an operating parameter of the delayed coking

heater based on the measured temperature of the combined heated feedstock.

[0017] Other aspects and advantages will be apparent from the following description and

the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

[0018] Figure 1 illustrates a conventional, prior art, coil design used in a double-fired
delayed coking heater.

[0019] Figure 2 illustrates a delayed coking heater having a multiple parallel serpentine
coil useful in embodiments disclosed herein.

[0020] Figure 3 illustrates a multiple parallel serpentine coil design useful in a double-
fired delayed coking heater according to embodiments disclosed herein.

DETAILED DESCRIPTION
[0021] Referring now to Figure 2, a delayed coking heater useful in embodiments

disclosed herein is illustrated. Figure 2 shows a cross section of a delayed coking heater
10. Delayed coking heater 10 has a radiant heating zone 14, and in some embodiments
may include a convection heating zone 16. Located in the convection heating zone 16 are
the heat exchange surfaces 18 and 20, which may be used for preheating the feedstock
fed via flow line 22. The preheated feed from the convection zone is fed at 24 to a
multiple parallel serpentine heating coil generally designated 26, located in the radiant
heating zone 14. The heated feedstock may be recovered from the multiple parallel
serpentine heating coil 26 proximate the lower end of the radiant heating zone (outlet not
illustrated). The radiant heating zone 14 may include walls designated 34 and 36 and a
floor or hearth 42. Mounted on the floor are the vertically firing hearth burners 46 which
are directed up inside radiant heating zone 14. Each burner 46 is housed within a tile 48
on the hearth 42 against one of the walls 34 and 36. In addition to the hearth burners, the
wall burners 56 are included in the upper part of the firebox. The wall burners 56 are
mounted on the walls.

[0022] Other delayed coking heaters may also be used, such as those disclosed in U.S.
Patent No. 5,078,857, and those disclosed in Catala, K.A. et al., “Advances in Delayed
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10. 63 466. 54 1.531515 15 9.16 9.65 463.4 1.687047 16 8.35 8. 755 459.61
1. 859509 17 7.64 7.995 455.53 2.036273 18 6.91 7.275 451.44 2.237801 19
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Coking Heat Transfer Equipment,” Hydrocarbon Processing, February 2009, pp. 45-54,
each of which is incorporated herein by reference.

[0023] Multiple parallel serpentine heating coil 26 may include two or more flow
conduits arranged in a back and forth continuous path of horizontal tubing suspended
generally in a vertical plane in the heating vessel. The continuous flow path may extend
from multiple inlets in the upper portion of the radiant heating section of the heating
vessel downwardly to multiple corresponding outlets located in the lower portion of the
radiant heating section of the heating vessel.

[0024] Referring now to Figure 2, a multiple parallel serpentine heating coil useful in a
double-fired delayed coking heater according to embodiments disclosed herein is
illustrated. Multiple parallel serpentine heating coil 26, as illustrated, includes two flow
conduits 27, 28. The flow conduits 27, 28 are arranged in a generally symmetrical,
serpentine (back and forth) flow path, where the arrangement may provide for relatively
uniform heating of the feedstock traversing through the heater in each of the flow
conduits.

[0025] While only two flow conduits are illustrated in Figure 2, multiple parallel
serpentine heating coil 26 may include 3, 4, 5, 6, or more flow conduits arranged in a
similar fashion.

[0026] Referring to Figures 2 and 3, in operation, the feedstock that is to be subsequently
subjected to coking in a coke drum, such as a heavy oil, bitumen, and other “residue
streams,” 1s introduced into the tubing of the convection section 16 through the flow line
22. The feedstock then passes through the heat exchange surfaces 18, 20, to the lower
portion of the convection section and then to flow line 24. The flow may then be split
into the inlets of multiple parallel serpentine heating coil 26 located in the radiant heating
section 14. The feedstock then travels through the multiple paralle]l serpentine heating
coil to the outlets (not illustrated) of the radiant heating section 14. The burners 46, 56
provide flames on each side of the multiple parallel serpentine heating coil 26 within the
radiant heating section 14. The hot gases from the radiant heating section 14 pass
upwardly from the radiant heating section 14 through an outlet and into the convection

heating section 16. Accordingly, as the feedstock is initially introduced into the
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convection heating section 16, it is initially heated by the hot gases from the radiant
section 14 and then is exposed to increasingly hotter temperatures as it moves through the
radiant heating section 14 to the outlets of the multiple parallel serpentine heating coil 26
proximate the lower end of the radiant heating section 14. The particular feed rafe and
the outlet temperature of the feedstock can be selected as conditions require. Typically,
the device would be operated so that the coking feedstock exiting the outlet of the radiant
section would be at a temperature in the range of about 800 to about 1050°F, such as
about 850 to about 975°F.

[0027] The flow from the outlets of the multiple parallel serpentine heating coil may then
be combined and fed to the coke drum for further processing. A temperature sensor
located downstream of the flow mixer may be used for measuring a temperature of the
combined heated feedstock, and a control system may be used for adjusting one or more
operating parameters of the delayed coking heater, such as feedstock flow rate, fuel
and/or oxygen flow rates to the burners, and other parameters as known to one skilled in
the art, based on the measured temperature of the combined heated feedstock

[0028] Advantageously, use of a multiple parallel serpentine heating coil as disclosed
herein may provide for one or more of the following: increased delayed coking heater
capacity; decreased pressure drop through the heating coil in the radiant heating zone;
reduced tube diameter for the heating coil in the radiant heating zone; lower film
temperatures in the heating coil located in the radiant heating zone; thinner tube walls for
the heating coil in the radiant heating zone, lower tube metal temperatures for the heating
coil in the radiant heating zone; and increased run lengths, among other possible
advantages.

[0029] It has been surprisingly discovered that the multiple parallel serpentine heating
coil results in a significantly reduced residence time of feedstock in the radiant heating
zone. For example, the residence time of the multiple parallel serpentine heating coil of
the present invention, compared with that of a traditional heating coil, is almost fifty
percent shorter as shown in the following example.

[0030] Example 1
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[0031] Operation of a delayed coking heater having a conventional radiant heating coil is
compared to the same heater having a multiple parallel serpentine heating coil according
to embodiments disclosed herein. Flow of feedstock is equivalent for both cases.

[0032] The multiple parallel serpentine heating coil includes two flow conduits, similar
to that illustrated in Figure 3, having a 3.75 inch outer diameter, an average wall
thickness of 0.33 inches, and an inner diameter of 3.09 inches. The two parallel flow
conduits of the multiple parallel serpentine heating coil each make 24 horizontal passes
through the radiant heating section.

[0033] The conventional radiant heating coil, similar to that illustrated in Figure I,
includes has a 5.15 inch outer diameter, an average wall thickness of 0.39 inches, and an
inner diameter of 4.37 inches. The conventional radiant heating coil makes 36 passes
through the radiant heating section.

[0034] The performance of the delayed coking heater having a multiple parallel
serpentine heating coil is shown in Table 1. The performance of the delayed coking
heater having a conventional radiant heating coil is shown in Table 2.

- [0035] As shown, the multiple parallel serpentine heating coil of the present invention
results in a total reduction in residence time from almost 63 seconds to about 40 seconds.
In addition, the smaller tubes allow for a more compact design and utilize an overall
lower amount of costly raw materials.

[0036] The shorter residence time allows for better cracking and reduces the amount of
unwanted byproducts in the cracked effluent, providing a more valuable effluent with a
better yield and a decreased need for separation of the unwanted impurities.

[0037] While the disclosure includes a limited number of embodiments, those skilled in
the art, having benefit of this disclosure, will appreciate that other embodiments may be
devised which do not depart from the scope of the present disclosure. Accordingly, the
scope should be limited only by the attached claims.
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Table 1.

3.750Dx0.33 AW 3.09 ID

Tube Velocity  Avg Temp Res. Time

0 71.65 503.98
1 45.06 58.355 501.85 0.278382
2 34.94 40  499.59 0.407
3 29.14 32.04 497.26 0.508115
4 25.2 27.17 49488 0.59919
5 22.32 23.76  492.44 0.685185
6 20.13 21,225 48594 0.76702
7 18.29 19.21 487.42 0.847475
8 16.69 17.49 484.9 0.930818
9 15.31 16 482.18 1.0175
10 14.17 14.74 479.07 1.104478
11 13.11 13.64 475.94 1.193548
12 12.1 12.605 472.81 1.291551
13 11.12 11.61 469.68 1.402239
14 10.14 10.63 466,54 1.531515
15 9.16 9.65 463.4 1.687047
16 8.35 8.755 459.61 1.859509
17 7.64 7.995 455.53 2.036273
18 6.91 7.275 451.44 2.237801
19 6.15 6.53 447.35 2.493109
20 5.35 5.75 443,26 2.831304
21 4.83 5.09 438.21 3.198428
22 4.55 4.69 432,51 3.471215
23 4.27 4.41 426.81 3.69161
24 3.98 4,125 421.12 3.946667
40.01758
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Table 2

5.150Dx0.39AW4.37ID
Tube Velocity Avg Temp Res. Time

0 71.64 503.98

1 50.36 61 502.53 0.267705
2 40.6 45.48 501 0.359058%
3 34.66 37.63 499.43 0.433962
4 30.51 32.585 497.83 0.501151
5 274 28.955 496.2 0.563979
6 24.93 26.165 494,56 0.624116
7 229 23.915 492.9 0.682835
8 21.28 22.09 491.17 0.739249
9 19.87 20.575 489.45 0.793682

10 18.6 19.235 487.72 0.848973
11 17.46 18.03 485.98 0.905713
12 16.4 16.93 48425 0.96456

13 15.46 15.93 48235 1.02511
14 14.66 15.06 480.2 1.084329
15 139 14.28 478.05 1.143557
16 13.18 13.54 475.9 1.206056
17 12.47 12.825 473.75 1.273294
18 11.79 12.13 471.59 1.346249
19 1111 11.45 469.44 1.426201
20 10.44 10.775 467.28 1.515545

21 9.76 10.1 165.12 1.616832
22 9.07 9.415  462.95 1.734466
23 8.52 8795  460.31 1.856737
24 8.03 8.275 457.5 1.973414
25 7.53 7.78 454.69 2.098972
26 7.02 7.275 451.88 2.244674
27 6.5 6.76  449.06 2.41568
28 5.97 6.235 446.25 2.619086
29 5.4 5685  443.43 2872471
30 4.96 5.18  440.23 3.15251

31 4.76 4.86 436.3 3.360082
32 4.56 4.66  432.38 3.504292

33 4.36 446 42845 3.661435
34 4.17 4265  424.53 3.828839
35 3.98 4.075  420.58 4.007362
36 3.92 3.95  416.15 4.134177
62.78635
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CLAIMS
What is claimed:

1. A delayed coking heater for heating a feedstock to delayed coking temperature
comprising:

a heater including a radiant heating zone comprising a lower portion including a
hearth burner section and an upper portion including a wall burner section, the
hearth burner section comprising a plurality of hearth burners located adjacent to
the bottom hearth for firing in the radiant heating zone; and the wall burner
section comprising a plurality of wall burners located adjacent to opposing walls;
and

a multiple parallel serpentine heating coil located in the radiant heating zone.

2. A delayed coking heater for heating a feedstock to delayed coking temperature
comprising:

a heating vessel having upper and lower radiant heating sections, a vertical multiple
parallel serpentine heating coil disposed between and spaced apart from opposite
side walls of the heating vessel through which the feedstock is transported, and a
plurality of burners located in the lower radiant section of the heating vessel on
each side of the multiple parallel serpentine heating coil so as to be capable of
providing and directing sheets of flame upwardly on opposite sides of the multiple
parallel serpentine heating coil, the sheets of flame each individually lying in a
plane generally parallel to the plane in which the multiple parallel serpentine
heating coil is suspended.

3. The delayed coking heater of claim 1 or claim 2, further comprising a flow splitter for
splitting the flow of the feedstock into inlets of the multiple parallel serpentine heating
coil.

4. The delayed coking heater of any one of claims 1-3, further comprising a flow mixer for
combining the heated feedstock from corresponding outlets of the multiple parallel

serpentine heating coil.
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5. The delayed coking heater of claim 4, further comprising a temperature sensor located
downstream of the flow mixer for measuring a temperature of the combined heated
feedstock.

6. The delayed coking heater of any one of claims 1-5, further comprising a control system
for adjusting an operating parameter of the delayed coking heater based on the measured
temperature of the combined heated feedstock.

7. A process for heating a feedstock in a delayed coking heater to delayed coking
temperature, comprising:

splitting a flow of a feedstock into inlets of a multiple parallel serpentine heating coil
vertically disposed in a delayed coking heater, the delayed coking heater
comprising;

a heating vessel having upper and lower radiant heating sections, the vertical
multiple paralle] serpentine heating coil disposed between and spaced
apart from opposite side walls of the heating vessel through which the
feedstock is transported, and a plurality of burners located in the lower
radiant section of the heating vessel on each side of the multiple parallel
serpentine heating coil so as to be capable of providing and directing
sheets of flame upwardly on opposite sides of the multiple parallel
serpentine heating coil, the sheets of flame each individually lying in a
plane generally parallel to the plane in which the multiple paraliel
serpentine heating coil is suspended,;

heating the feedstock to delayed coking temperature in the multiple parallel
serpentine heating coil;

recovering heated feedstock from corresponding outlets of the multiple parallel
serpentine heating coil; and

combining the flow of the heated feedstock from the multiple corresponding outlets
outside of the heating vessel.

8. The process of claim 7, further comprising measuring a temperature of the combined

heated feedstock.
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is clained: 1. A delayed coking heater for heating a feedstock to del ayed
coki ng t enpaenatuo®3conpri sing: a heater including a radipamusb@atsrsg2 zone
conprising a lower portion including a hearth burner section and an upper
portion including a wall burner section, the hearth burner section
conprising a plurality of hearth burners |ocated adjacent to the bottom
hearth fd. fThe ipngeesnof keknimasli funtheheathpritng adi@stingnen toperating |patimenar ofSthet i on
conprising a plurality of wall burners |ocated adjacent to opposing walls;
and a mul ti pelavedapaking heater pasedi oe the maasmed demperawes off the, cpmgmeddhea@
heati ng zong? %. A del ayed coking heater for heating a feedstock to del ayed
coking tenp gﬁﬂ%ﬁ conprising: a heating vessel having upper and | ower

radi ant heating sections, a vertical nultiple parallel serpentine heating
coi |l disposed between and spaced apart from opposite side walls of the
heating vessel through which the feedstock is transported, and a plurality
of burners located in the |ower radiant section of the heating vessel on
each side of the multiple parallel serpentine heating coil so as to be
capabl e of providing and directing sheets of flanme upwardly on opposite

sides of the nmultiple parallel serpentine heating coil, the sheets of flane
each individually Iying in a plane generally parallel to the plane in which
the multiple parallel serpentine heating coil is suspended. 3. The del ayed

coking heater of claiml or claim2, further conprising a flow splitter for
splitting the flow of the feedstock into inlets of the nultiple parallel
serpentine heating coil. 4. The del ayed coki ng heater of any one of clains
1-3, further conmprising a flow m xer for conbining the heated feedstock
from corresponding outlets of the nultiple parallel serpentine heating
coil. 11 SUBSTI TUTE SHEET (RULE 26) 5. The del ayed coki ng heater of claim
4, further conprising a tenperature sensor |ocated downstream of the flow
m xer for nmeasuring a tenperature of the conbined heated feedstock. 6. The
del ayed coki ng heater of any one of clainms 1-5, further conprising a
control system for adjusting an operating paraneter of the del ayed coking
heat er based on the neasured tenperature of the conmbi ned heated feedstock.
7. A process for heating a feedstock in a delayed coking heater to del ayed
coking tenperature, conprising: splitting a flow of a feedstock into inlets
of a nultiple parallel serpentine heating coil vertically disposed in a

del ayed coki ng heater, the del ayed coking heater conprising: a heating
vessel having upper and | ower radi ant heating sections, the vertical

mul tiple parallel serpentine heating coil disposed between and spaced apart
fromopposite side walls of the heating vessel through which the feedstock
is transported, and a plurality of burners located in the | ower radi ant
section of the heating vessel on each side of the nultiple parallel
serpentine heating coil so as to be capable of providing and directing
sheets of flanme upwardly on opposite sides of the nultiple parallel

serpentine heating coil, the sheets of flame each individually lying in a
pl ane generally parallel to the plane in which the nultiple parallel
serpentine heating coil is suspended; heating the feedstock to del ayed

coking tenperature in the nultiple parallel serpentine heating coil;
recovering heated feedstock fromcorresponding outlets of the nultiple
paral |l el serpentine heating coil; and conbining the flow of the heated
feedstock fromthe nultiple corresponding outlets outside of the heating
vessel. 8. The process of claim7, further conprising neasuring a
tenperature of the conbined heated feedstock. 12 SUBSTI TUTE SHEET ( RULE 26)
9. The process of claim8, further conprising adjusting an operating
paranmeter of the delayed coking heater based on the neasured tenperature of
t he conbi ned heated feedstock. 13 SUBSTI TUTE SHEET ( RULE 26)
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