WD 2010/ 065302PCT/ US2009/ 064902 CO L FOR PYROLYSI S HEATER AND METHOD OF
CRACKI NG BACKGROUND OF DI SCLOSURE [ 0001] The di scl osed enbodi nents generally
rel ate t owpyonolossios coils, and nore particularly to a pachkiusgoeanecsonet hod of
i nproving heat transfer in a pyrolysis coil. [0002] It is known to use
finned radiant tubes in a pyrolysis heater in order to pronote m xi ng, gas
turbul ati on, i ngreas t by |.provi t transfer.
Fi nned tubes é&ﬁ:ﬁ@eﬁsﬁ&%ﬁ%&&ﬁﬁAﬁ&M M&% ntion is
made of a packing material in@PECRREKING [0003]1t is known from U S

Patent No. 5,655,599 to fabricate tube fins from high tenperature netal
all oys, nonolithic ceramcs, netal matrix conposites, or ceramc matrix

conposites. U. S. Patent , %ﬁﬁd 5,616, 754 di scl ose
ceram c coatings on pyr%mgﬁg@ﬂ?ﬁg%ﬁé@&e coke deposition.

Further, U S. Patent No. 6,923,900 discloses finned tubes of various high
carbon content alloy conpositions and a nethod of nmaking the tubes. Ceramc

t ubes HI®1flescri bke diwiosad eembodameh ugenemalty neelaté ng myslysim donlsUas] mRacent

No. 4,432,791.. Tg’ggni ques. f or rad'ha t .heati.ng are descri bed U S. Patent
& LBt densi

i’n.
No. 3,167, 0BEUcHABHIA ¢ Packiig dgrethed pLAMRTEVIRE host Jensieh g PYghEsicPTand

met hod eating j i t hSek MRT I & i
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heati ng syspemdiamizingj gdsetirbafiion, hiek dstasdd swidcatrad theegbyi intppotihg headi | and

Cy1 ndr i cal TR BOTRRMHPEEe difaeed b Gt retent R GHer S5, pOORARY bt
one pass i SyfadgdpabyckRackedril nihanhnertasd.| y conductive filler material.
[ 0006] A nmet hod of 1 ncreasing heat transfer in a coil of a pyrolysis system

wi th af00033st onk igdmewalfromdy.Si Ratentchb. paES5PD& fibuiseld thbe fiee foanhighi et

and an outlet, conprisi randoni acki ng at ast .part of.. at | east. one
pass W th atWFq?g‘IréI‘?etég%Wét W@O%}]PCI %gratn&s,epalegf a r\ll.%composnes, Or CeTdmic
2010/ 065302 REHUSZABILHRE 4002 PAGR As. rea 1308t 1S, 708,089 &hd 3,64 6/T8dr disasseon

feedstock into olefins in a system having an encl osed furnace with at |east
one gener al bgramyd cotinigs ain pyolysiseerils woh¢lpwiedyreaepkendapositign. Buthest Uahd at

| east one pgss rd-~si andomni cki .easi. e one
cor 1 pass ranne Bnerar (s TGRS BaShROeF Nan R bieh Vbndtl ool
hydrocar bonc&ﬁg@kiﬂimscanmanbtmb@tofafaktdgethe @ibes, Céraalid tubped e deséritmdtfor ase
tenperature sufficient to break down the hydrocarhon fee(%%t ock i nt

ol efins, anin eoplugdrIMgneltieg oystm is Usy. Rafralt D1 f4gat/Pét Teariques f‘)ES_@%F“FiTI ON
OF DRAW NGSP%ﬁ%%?ak{&%‘dﬁGed]instf?.g‘.’"Pat@nttW'fmé%Q' | with random packi ng

di sposed w
[0004] It would be useful to provide a heating coil and method of heating in which

heat transfer is improved in a pyrolysis cracking process.

SUMMARY OF THE DISCLOSURE

[0005] A coil for a pyrolysis heating system has an inlet where feedstock is
introduced into the coil and an outlet where olefin product exits the coil, and at least
one generally cylindrical pass between the inlet and outlet. At least part of at least one
pass is randomly packed with a thermally conductive filler material.

[0006] A method of increasing heat transfer in a coil of a pyrolysis system with at
least one generally cylindrical pass positioned between an inlet and an outlet,
comprising randomly packing at least part of at least one pass with a thermally

conductive filler material.



second pass; [0009]Figure 2 shows a single pass coil wth random packi ng;

[ 0010] Figure 3 shows a two-pass coil wi th random packi ng di sposed in both
passes; [WORdjokiesiee 4 shows a two-pass coil with the secon$2@aswssopartially
packed; [0012]Figure 5 shows a two-pass coil with the second pass randomy
packed with two different materials; [0013]Fi gure 6A shows an unpacked

t wo- pa il wth fqur individual i,nlet passgs.for ever utl et SS as
known ﬁﬁ"ﬁie art# ﬁ}?ﬁ‘ofioﬁqaﬁ'rﬁiy&mgeaé’é/d&%%sona edRipddy! \{W‘i}o slnc%iS?&Wt h one
inlet pass hafin@¥eeNcleded! fBinab@ssth dPReb deDidRERERICHThdAal O8L2héh bsiptvitRg coi |
for a pyrolysis heater is provided in which random packing is included in
one or nor eapayeiesn oFties and @b tgeskr enei pass, sbmpriging dandom)y daelone ot leag meaafi ng
coil to oper at_ hi r.s rjti d r .en imlar
non- packed 3@?61%?. Srfeoﬁ(%g]%ﬂsss ﬁ'gtgdé hféeﬁg}aﬁ? ‘{Oﬁgeiu(%tglrggﬁﬂerralﬁg%#glpg%tg(?dnuté:ﬁiagpteh?er s to
a filler mahgdrogdrbéorfecl haatthedinkdidf theatoilss heairdoey coily &n@e tbmpehuteer m
"void volune" is the volunme within a coil _that is not filled with random
packi ng; i . sufficieqt &nbigak seragthe diydrocarpen fgegdstpckointmeplefing andecadlsetingethgol ume
of the coil m c" as used herein refers to a non-netallic,
heat - r esi Stgﬁﬁﬁ%{t@%?&g qu%e term"olefin" as used herein refers to a

hydr ocarbon contai ning at | east one carbon-carbon doubl e bond. The terns

WO 2010/ 065302PCT/ US2009/ 064902 'ﬁﬁ?rol sis" and "cra gi ng" are used
synonynous! y herei n aBRHeF HEPCRIFL IEHN KD :@R@e\yh{é ition of organic

compou into sippler conmpounds. The term "coke" is.a solid carbon
byprodﬂgfﬂgt]hat uSIEFS y Shavsi AdWRRESHEPR NV @Jémﬂ’ 108 d5RopK WM theor o
heating coi ge(g%:pgg;the pyrolysis process; the term"coke" can also refer
to the process of producing the solid carbon residue byproduct. The term
"decokifithor efers. to hut.down .he. I.S.:heater for renoval of
coke b W&’Jp Thilgué?%?ﬁ%@s rolgglre 8%?0%13%%1%%@5%?‘%?%@2’ to a generally raw
hydr oc gmmn mat eFigie 3 BRSSS Dtwo-pLRICBII Mittrafliorh phESn©lispydd dEbsthPassest hat i's
fed into a pyrolysis system and processed into |ighter hydrocarbons such as
ol ef i n§00HMe t er Figusef ebaws/a two-passiceil svidethe sedong pess narfeallyaragkest producti on

of desi product(s), and nore particularly, "selectivity" is calculated
as the[mer of %Fﬁ(ﬂréé @PWE@SW‘E AS5r 6 u‘(’gﬁh ;513/60%8% pﬁ?rraﬂa%{llyn%e}c o]l 1%heed
converted. The difhént nRii&s344re drop” refers generally to the pressure

differential between two points, and nore specifically, in pyrolysis,
"press{@@Yrop" Figurh6Apshessmmeungatiedrtaotpagh coibtwidelouninsbvifiod inlet passemnd
outlet. [0017] Genera] | pyrol ysis,_ (crackjng) is the chem cal process by
whi ch nore %‘B]rfidle@’xo%ﬂg%séégkﬂ?l ?‘hthgafte tock are thermally deconposed

I nto SEﬁMaﬁr, of ré'%@aéh%‘i&%taeﬁadi{w”t\?}(%%géo&ﬁl (vtherenglket phRClot @iétg oullet not
limted to, ethylene and propyl ene. A comon nethod of pyrolyzing

hydr ocar bonpassedst ock is by heating reactor coils in a furnace. Pyrolysis
furnaces exist within which at | east one generally cylindrical coil with an
inlet and an outlet is positioned. Coils generally feature three sections:

a convection section, V\herq)]fl%mgggl@jggg%ﬁimﬂd; a radi ant section,
I's dec

where the preheated feedstoc onposed; and a quench section where hot
ef f | uepgof3jom t hey hadingoilSRE hiifolysis GeabeR. pratided ¢i Waichamnddy aciieg ig wo or
mul tiple passes. In a nethod known as steam_cracki ng, hydrocarbon feedstock
i s diluted waidedtinpne anare gassks- dlgrinediporeten of fietnarking waalkiles thg dhwatinghe

m xture is heated within.t ' o

or edet or m nag tEypi e PGS 56 ATk Rh@BE O ER kb HE SR hoBepacked
prevent furtbhgs deconposition. [0018] As hydrocarbon feedstock is deconposed
to olefin product, solid deposits of carbon byproduct (coke) slowy build
up on ﬂ%lfﬁnt eri dys wiedtheseigothestermdgandoshanqkjng e fess &9 ianfilley’ MatsHA kY a t her e
is a net ingrease i I s enbj | . ke
bui | d-up an ERRRCCi b MIRAL <Pl 00 9 3%???‘@"5%? Binge? q%’%h@éf&é@@%%th%p thin
the coil. Thecdir ¢asts aol fitle@adth radusepadkivg; del,datdnvipacked coilit that “vofd

olefin. This is known as "sel ectivity,lghsls." « :
volume” is the entire volume of the coil. The term “ceramic” as used herein refers to a

non-metallic, heat-resistant material. The term “olefin” as used herein refers to a

hydrocarbon containing at least one carbon-carbon double bond. The terms
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WO 2010/ 065302PCT/ US2009/ 064902 100191Consequently, at a predeterm ned tine
or when a predeterm ned | evel of coke is present within a coil, the reactor
must be swotoomss3oko decoke the coils. Decoki ng commonl PCTASBR0000649pASSI NQ
an air and steam m xture through the coils instead of a hydrocarbon m xture
feedstock. The air-steam m xture reacts with the solid carbon to form
carbon nonoyi de,_ang/ or .carbon, di oxide gas that i1s releas dtf r}(l)mthe oils.
he wi Il be anashBleatd nSRERRE: Ssisl S PERmAR tdekitnd R et s

Wi th certai geddRipokitioh o or@initScaiRboudds Yntd RihPIBF esbuREAITH @A ke is a
coefficient, but can reduce the rate of coke deposition, and thus enable

| onger run baiskrareondripseduchthehugugdniemains gnseffantigies Prilds ymen theaxallsipda
overal | effjcgi . . S S Q0201 Dur | l.ys] oke
or ccur sor s D FASK rbg A UE phocRiS st SO BUL P U B HEDREEOCC |
The precur sof prodociag ghe solitebyrbow gaithiei wpraduct. ofha te@k €decbkitgy” refeketo the
production is a two-step process - diffusjo nd reaction. Regardl ess of
whi ch step &B1dqvsn of the@yradyss brayadoy ieawvag?fgeoipguilgunm"f&eﬁ%maﬁw Bd
that, while | atd.Qnship i |k neays it t Y
directly pr getg?)r&ﬁggng%fhgo@ﬁeg%%ﬁgggé%‘gs| (%rg%ﬁr)%{ elﬂ\ﬁ%‘lb%’z%%l?l Hﬁ???ged in
Exanpl es t onfixtutesvof hahdambonspdaitiinded hetocoipyralysi¢ vgstemnaelr paicesstd etd

her ei n subst.anti al increases the heat transfer .coefficient within the
e e Tl s ooty AIPEns Bt e SR g viBs Shiereaeneuuy 16 Medae"
packed bedsgf ﬁfbﬂﬁ&ﬁﬁﬁof"feﬁ§%’% gwalaa@s,eﬁqd)%% Fzﬂjti_@ﬁlhb{y,d‘é@leét@vi@'gh@@ﬂ%@laf@dxi ng

within the packed bed. cases of pyrolysis coils, such an increase in
heat transf ey theawhftiee pEmolegidlddsirad prodect pagduged pereuniihmplengfeficed corveitedi de

the coil ang, reduces the maxi,mumwall t erature . The.nore,rapid rise in
{enper at ur o 1B ety Bietns AT FElrs Eensr BRI o dRaroE FiREadkd® ne
rate of ol epbintsph@bbotd §icifichly, NE Hyrdd@sk “BebssE @rdpalis GRMproéguRrdifferRhailn some
anount of a catalyst suitable for further increasing the rate of chem cal
deconposi t i betwesh pupl'ardipmiputlethe maxi mum wal | t enperature decrease

reduce rate of cokin t hus enablin onger..run | engths. ..

100221 (#lgﬁ ring p%n?rﬁgy’dpg(ﬂlw&s?%lrﬁgklflg)r ég tbeo Frgnlljcrae q,ogeasgtb Vﬁ%g}é np%g)/rreol ysi s
heat er coil cofipRaOWarcatbohs ifaesdtdck dleshamalgdeasingdied Tie si@pler,i dfenudes
an inlet 12, a thermal cracki ngﬁ}zone 14, a U-shaped curve 16, and a second
pass 18. Cr Hesasated obidecarbonse falcians)t iredusing.obel @pt dimniteflo i 3gthylepp eand
enbodi nent Laur i . I L €:.S . 3ass
18. Prefera {Of@egﬁ’egr !éon O%Hgg%b?%g%é@nﬁgﬁgg?yg}%gﬁ’%rﬁrgﬁtegﬁ@% ﬁal?}g??%fngl n
order to regcrcols g {udemer Phrelysisrfutates dxihielithiy whiNkdnatlleast dbangenexalypl es
of suitable packing WD 201Q/065302PCT/ US2009/ 064902 materials include
cerani cs an@Y4ndricabeoilowith gndaletand ay eptletdy Rosiiione rgﬁlllseg%’@?éﬁs%atéﬁe th“‘FF@i r

hi gh t her mal. ¢aRdUCEdn\bdi] WHefd 1d AMRLiRSA! a $AiARRLGiHE WARICS

M e sl pekeng e ‘%“Xf%‘ét%&ﬁséi‘i*ﬁm‘!e‘%nééa%‘%% R o e e T e
random pack ilregprafedacdi fatdstak is dequmiseedy apt arqaientlyseofion miiexel bt afflysnefrem or
particles of virtuall .ang shlaae It is understood that t{g.eh{)articlles in a
random y pa&?e@df?@fjs Q813 (CPHe OEE? ﬁ8‘_§s EH PEVOP o¥8 Wi THIR'T RESToiT ®as the
gaseous m X{jiRdPRsES ad et Mackidy, hytifockiboh kBedtdck Us dilaRd Witk stewhedi n
gaseous m xtures or liquids mx wth'finer solid particles and behave as a

fluid. [0024drthyongh thestodtaswishisithelfernpes sThsymaityrsi is heetedi wighiooihp radiani t h an

I ' . d I . ki i
i sposed | nothB 3t b fo BiedRertitesClen B iRy RN RARRE AQu 1 ©

pyrol ysis hesil bﬂt@bt@@})}evéﬁﬂdﬁh&cﬁﬂorhpd)ﬁorﬁz and an outlet 54. The first pass
56 corr?ri ses an annul ar portion containing randonp/ packed material 58. The
my

second[(HSH annulAerhydoroarhon fsedstankt iaidesorapesed ite wiafing pradest solidaddpesitsnel eri al
62. The material (s 5 d.6 c Wit hin ik st C passes,
o and 60 £unopbSpidSd R REyPRENEHS U Bk PnkiE: &1 e bpR ARERARMPRSSTT .
first pass BRSinaisgp@duesd, dh@vekes neharéRe ihi thstnupstss off mbhe &t gaw. €THe coi | .
I ncreasing the diameter of a packed coi| pass prevents.a substanti al

i ncrease i ncpmBEgteROGsaks byild-upsnd weolay ivgisaededts t RSIGIAREANRESC THATESSHES
preferable i | : I .
pressure dr gg&l ?Igt\?lgl&s)h'e'géﬁgarrg%s’l Feygkﬁhée&re gg%gg% é\/eie)éa{}g?%&\%g?ﬁﬁ%?fo@&tgﬂ?hbsac ked
and unpackedib Kromat aspadseasvigriesssi m | ar. [0026] 1t shoul d be clear that random
filler material need not be packed within the entire pass of a pyrolysis
coil to achieve the benefits disclosed herein. For exanple, Figure 4
depicts a two pass pyrolysis coil 70 with an inlet 72 and outlet 74. In
this enbodinment, filler material 76 is randomy packed within an axi al
portion 78 of the second pass 80. The concept of packing a portion of a
pass of a pyrolysis coil is not limted to the second pass or packing only



[ 0027] Figure 5 shows a two-pass pyrolysis heating coil 100 wherein the
second pass 102 has an annular portion that is randonmy packed wth two

di ff erentwoabsvicados 104 and 106. In sum it shoul d be clrearustévaec4sne

di scl osure does not |limt the relative anmount or type of packing material.
WO 2010/ 065302PCT/ U82009/ 064902 [0028] A common practice for increasing heat

t r ansf thin roI ils ndt refore I’OVIn ol in oducti on
e 11of A" 'S" (EXpEalEiG. B0 PR Bitinki T G St T pREE RGeSl B L e
al so yiel dS1st}bl’é‘se€a0m1ﬂ @Goﬂ‘ftfl@@éac@)fr mﬂ,@b@@ﬁmﬂﬁw@f wSEdblee ﬂhé%l@ﬂs tlb&%kirngdUCI ng
or negating the positive effect of ngr oved heat transfer. As discussed

1

earlier in pemewoshcequises PassiE g dr andsisan miivre thegugb rihs coidsc inistead @bl s of
a |larger di ﬁg&h@e{rb@m%‘ﬁ?e AR AE ft‘gé%r s&[agb%)jt e%@ascftse ﬁé f il &Plontot hout

si gni ficant I'NCreasing pressureée gure eplc s %St andar d

pyrolysis céirn da2Boramokioide ahd/ot berbai tdmx@ie gasttxhau B8 rteleastedtfmm thatdilsc Wsar
coil features four general] gaé]gar allel inlet passes 122 with_ relatively
smal | di ametad bedissdpseg ingletailcbelow rapdomhis packaug gire gr MeFgePilyVEREEERD Such

inlet passeg,, @%%ls"‘&l{: PS ROB1$ b %ﬁf&ﬁ&&ﬁ&t%ﬁ OGS ALH, IBLF ggg(id%\é@th%‘%gtfe' ci ent

heat transfer for "efficrent” cracking In SUcCh a syst em ran
packi ng at beaskde ctapesmmssm(l ihustehaltsde daxger hmtlhngt]mpmmlteshlad«ﬂwmlﬁmlcbtolpagses

packi ng not _shawn), i ved heat transfer can be achieved in
ol | pass TR Sl aPFYe MRt Brrol b eR Fi gur o 6B depl ¢t &
anot heyo g Ol ysi ?)K?ﬁl}g ﬁ&'fog.gsﬁ R3ke Iolf:e‘%‘fuléf)r‘nssdlﬁuﬁ ah&idnd} St daQ@%? iHeot aeVer y

out |l et pas 134. packed t pass o greater aneter (Figure 6B)
i n conj unct wails of the cailp@bk pcasolsendpas s deapdragtriation te farn @ke. Thuspoke

i nproved, heat, transfer than unp acked.passes. of smaller dianeters i gure
6A) Wi t hout PIABFRSTS ity PSR RFECRIT o5 TS 2t EFERgn. bdbi V@f\*&b(sgw
possibly r UBoﬁt?d]Q'EHE: Qe ldRBoditi@HHFfe, Gﬁs%wklyvudpkecbﬁed {Haf, GMER QY edlafidiRhipl gur e
6A coil. [0031]In all, randomy packi ng at I'east one pass of a pyrolysis

coil can y| & donalme@n,lgmtgd wall 1¢goperaeny sadiecdtly prorertippaddache sake derosition
Li kew se, 33 |l ength in a packed coil can be | engthened by approxi mately
20- 100% as & ar ed to an unpacked coil with simlar void volunme. [0032]In

al | enpgghipent s, AshBudtiai&t inaNGnFRGAB FoNl W AAAH M BARKRIA: TR &l Al the GRANGE the
sanme or different in size, shape and conposition. Simlarly, additjonal

enbodi nent s disglosed hérein snbmwélycmrbzssewlxeﬁlenbﬁr@sfqﬁaneﬁfwnpafstbésthe coils Hese

enbodi nent s m packi n e r as
many as al | iofm(?eﬁ?cﬁo (gé%é}ée %Kﬁgl ti on}%flﬂr%m?% Qoefﬁ%&% ngc} %chan % &
virtual Iy aRy¥rsebhapsackbdbedsdéhiegfly bud ton@ihahctelail medng 011t$1nhfhlelpaalkcd Isad. i Imma cal ,
rings, saddles, tril obes, guadrllobes and the |ike.

2010/ 065302 PEEs WEIV0TY 564903 S[uehyas]lméascif@rlﬁ%ﬁﬁnﬁ%ﬁpq\%@?@ﬁ@dﬁﬁl Rk
transfer cogffy %s@'iﬁt%ﬁ&gﬁﬂl%qnm RRSLdi] A fidu Qﬁé)ﬁla&?rﬁ&hﬂ%hf @nﬁ)e%ﬁt@l ysis

coil pass or ‘passes ca een enpl oyi ng uatlon
dt/ 8k, [ Equatlihenmdde bRl fike i Imiﬁgﬁerﬁtn&nsdcel’eralenefﬁel wieenf cfaoking, eme tldireferesi onal
nodel ;: hw = heat transfer%cgﬁﬁfl ci ent f}gr a two-di mensi.onal del; di =

g

tube di amet dcreaspgtherrate p |Prediiges Futhes Bickingemgicsipl fR RaCBCPRRIN

some amount of a catalyst suitable for further increasing the rate of chemical
decomposition. Simultaneously, the maximum wall temperature decrease reduces the
rate of coking, thus enabling longer run lengths.

[0022] Referring to the drawings and first to Figure 1, a two-pass pyrolysis heater coil
is shown and is generally designated as 10. The coil includes an inlet 12, a thermal
cracking zone 14, a U-shaped curve 16, and a second paSs 18. Cracked product is
removed through outlet 20.

[0023] In the embodiment of Figure I, random packing 22 is disposed in the second
pass 18. Preferably, the random packing comprises a non-metallic material in order to

reduce coking (described in detail below). Non-limiting examples of suitable packing
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[ 0034] Equation 1 was derived in Fronent, G F. and K B. Bischoff, "Chem cal
Reactor Analysis & Design,"” J. Wley, NY, 1979, for predicting the

equi val enwohemtosszvansf er coefficient for a one-di nensi oralr/useaelosf9oom a

t wo- di nensi onal nodel. Equation 1 illustrates the direct correlation

bet ween a packing material's thermal conductivity (kr) and the heat

transfer coefficjent, (hi) -.the overall heat transfer coeffjci,ent iIncreases
W he ¢ nEPIRLELCBMEE PP Y FReRE “ecnanatrs pryevafUES st om
metal s and meimRiaihermiloatMvitia. NaRlimiling Iﬁdahcgesloﬁtb@bar&@niﬁbﬁere
Conductivity (BTUh.ft.F) Silicon Carbide 6.4 rborundum 1.34 Silica 0.013

Coal 0.15 Wibigghrambidss, hoxalppkand ghe likpoas|dmsussar tslovectis rapdam | neckiage

superior t h&lﬁ{@ilal 88{19%})}1% tai pqﬁrafi& 0P Wiaﬁeﬁ'pieces or particles of virtually any
shape. It is understood that the particles in a randomly packed bed generally does not
shift or move within the coil as the gaseous mixture passes through. This is unlike a
fluidized bed, wherein gaseous mixtures or liquids mix with finer solid particles and

behave as a fluid.

[0024] Figure 2 shows a single pass pyrolysis heating coil 30 with an annular portion
32, inlet 34 and an outlet 36. Here, random packing 38 is disposed in the annular
portion 32.

[0025] Figure 3 shows a two-pass pyrolysis heating coil 50 with an inlet 52 and an
outlet 54. The first pass 56 comprises an annular portion containing randomly packed
material 58. The second pass annular portion 60 contains additional randomly packed
material 62. The material(s), 58 and 62, packed within the first and second passes, 56
and 60, can be the same or different materials. In this embodiment, the first pass has a
greater diameter than the first pass of the Figure 1 coil. Increasing the diameter of a
packed coil pass prevents a substantial increase in pressure drop due to the presence
of the packing. This is preferable because the rate of olefin production decreases at
higher pressure drop levels. Generally, the respective void volumes of the packed and
unpacked first passes are similar.

[0026] It should be clear that random filler material need not be packed within the
entire pass of a pyrolysis coil to achieve the benefits disclosed herein. For example,
Figure 4 depicts a two pass pyrolysis coil 70 with an inlet 72 and outlet 74. In this
embodiment, filler material 76 is randomly packed within an axial portion 78 of the
second pass 80. The concept of packing a portion of a pass of a pyrolysis coil is not
limited to the second pass or packing only a single pass.

[0027] Figure 5 shows a two-pass pyrolysis heating coil 100 wherein the second pass
102 has an annular portion that is randomly packed with two different materials 104
and 106. In sum, it should be clear that the disclosure does not limit the relative

amount or type of packing material.



However, netals significantly increase coke deposition inside the coi
during operation, requiring frequent shutdowns. For this reason, silicon
car bi de hae 2omams®Rown to be one preferabl e packi ng mat ecirals2e09i06490% a
nonmetal with a relatively high thermal conductivity. Consequently, packing
a coil with silicon carbide will exhibit a marked inprovenent in heat

tr ansf effici,ent while Z|n cok 0037 In the art
severa_ﬁsmel s h&vEOBTSR IH%?T 0 édncfr ﬁ@ge[gﬁ“?#‘?b VATTHD | PYFYHS £Pisnand’
operation cm%fmeorm rdvmgaldleﬁrpgﬁb@ucubﬁnefmwk d@p(wa%%smgoeoﬂ h@afmels!
t enperatures at 010/065302 CT/ US2009/ 064902 the starf of the run and
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packi ng mat ral nabl'e a run iev

i nproving thg d@scemh |ea1<l>1|eﬁf11 Rf&@ideUd theAF@quémblﬁﬂht ®AndohRy backdgs cdiRi t  of
time can al so be realjzed. Additionally, the packing material is often
treated witRf @ defigehuiiametst Anplles anhdeireasRede heah diansishscoefficignt nwithout

produced by x@ﬁffﬂaﬁﬂﬁfnmﬁmﬁg%&%@h}@d c cracking, thus further inproving the

overal | cracKing efficienc I'n sum” random y packing pyrolysis coils can

subst ap@0231] y i nbigaiseAalepictt esthrsdaed pyrolysizcpil 120G3%Kndha if dhd aniOfhoexBNpl es
are included to.illustrate certain features of the invention but are not

i nt ended t othséthis partipygr cathbisghwrest foveenesiy rarallel gdipagses dAp otiey fekdiyely

si mul ation 1 g%ldé‘r random
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enpl oyed i n12hewith estmillerT denfmat dare arsésarycwehéhievee ntffuneat fheatn tdatderbr60. 6
BTU h. ft2 fo the fi él?al?f% and 56.4 BTU h.ft2 for the second pass. Table
2 surrmarize§ ficirat eige m§ SHBt%eWseqhd operating results obtained. WO
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D anet ass 1 ara pass
passes; packing not shown), significantly 1mproved heat transfer can be achieved in a

coil pass having a substantially greater diameter. Figure 6B depicts another pyrolysis
coil 130 that features a single inlet pass 132 for every outlet pass 134. A single packed
inlet pass of greater diameter (Figure 6B) in conjunction with a packed outlet pass can
achieve similar, if not improved, heat transfer than unpacked passes of smaller
diameters (Figure 6A) without increasing pressure drop. Consequently, the efficiency
and possibly run length of the Figure 6B coil will be improved over the Figure 6A
coil.

[0031] In all, randomly packing at least one pass of a pyrolysis coil can yield a
roughly 20-100% decrease in coke production rate. Likewise, run length in a packed
coil can be lengthened by approximately 20-100% as compared to an unpacked coil
with similar void volume.

[0032] In all embodiments, the first and second randomly packed materials can be the
same or different in size, shape and composition. Similarly, additional embodiments
exist that feature coils with more than two passes. In these embodiments, random
packing can be positioned in as few as one pass or as many as all of the passes.
Additionally, the packing material can have virtually any shape, including, but not

limited to spherical, cylindrical, rings, saddles, trilobes, quadrilobes, and the like.



Inlet Dianmeter, pass 2 (in) 4.0 Qutlet D aneter, pass 2 (in) 4.5 No.

paral l el tubes, pass 2 4 Length / pass (ft) 30 Catal yst Wight (kg) 0 Void
Fracti on wo)ot/dds30kl ow (I b/ h) 8832 Steam : oil ratio 0. PcCirniSetsDesmper at ur e
(C 621.1 Conversion (% 76.9 Coil Qutlet Tenperature (C) 833.3

[0033] The aforementioned increase in heat transfer coefficient achieved by
positioning random packing in a pyrolysis coil pass or passes can be seen by
employing Equation 1:

I/h; = l/hy, + di/8k; [Equation 1]
where h; = heat transfer coefficient for a one-dimensional model;
hy, = heat transfer coefficient for a two-dimensional model;
d; = tube diameter; and
k; = thermal conductivity of the packing material.

[0034] Equation 1 was derived in Froment, G.F. and K.B. Bischoff, “Chemical
Reactor Analysis & Design,” J. Wiley, NY, 1979, for predicting the equivalent heat
transfer coefficient for a one-dimensional model from a two-dimensional model.
Equation 1 illustrates the direct correlation between a packing material's thermal
conductivity (k;) and the heat transfer coefficient (h;) - the overall heat transfer

coefficient increases with the thermal conductivity.

[0035] Thermal conductivity values of some metals and nonmetals are shown in
Table 1.
Table 1
Substance Thermal Conductivity
(BTU/h-ft-°F)
Silicon Carbide 6.4
Carborundum 1.34
Silica 0.013
Coal 0.15
Wrought Iron 42
Nickel 54
[0036] As can be seen, metals have superior thermal conductivities to nonmetals.

However, metals significantly increase coke deposition inside the coil during
operation, requiring frequent shutdowns. For this reason, silicon carbide has been
shown to be one preferable packing material - it is a nonmetal with a relatively high
thermal conductivity. Consequently, packing a coil with silicon carbide will exhibit a
marked improvement in heat transfer coefficient while minimizing coke deposits.
[0037] In the art, several models have been developed for calculating run length from

operation conditions. In all models, run length depends upon the metal temperatures at



Pressure Drop (psi) 1.6 Maxi mumwal |l tenperature (C) 1068.9 Firebox
Tenperature (C) 1185 Heat transfer coefficient, pass 1 (BTU h.ft2) 60.6
Heat tramnwbeniomeefoki ci ent, pass 2 (BTU h.ft2) 56.4 Exteroaluskimawedbnanst er
Area (ft2) 455.5 Exanple 1 100411In this Exanple, a conputerized

si mul ati on was conducted using a Lummus SRT VI two pass coil with random

packing material i he second pass.. .The packi.ng materi gl s, set to

oxhi bi ¢ 1y piiEatiai oG Ly F11b.8 o Bk DR ISErbr A S rGoueh b Tgpdth dSReesE dde.
The heat trapsiiim R4l @Rbe@iurt IRrdMRACked first pass was found to be
63.4 BTU h.ft2. The heat transfer coefficient of the packed second pass was

f ound {QﬂS&} 131. OpBHizdtiont . th¥ agromeBrysufintier pacémgt meatecial capgnahitetanr eveand
operating ¥ poult st A 15E. o M0, 2PARL ORS0RECTL L0091 00407, ToR !
output of olefin per unit of time can also be realized. Additionally, the packing
material is often treated with a suitable catalyst. Under these conditions, olefin is
produced by both thermal and catalytic cracking, thus further improving the overall
cracking efficiency. In sum, randomly packing pyrolysis coils can substantially
increase a system's efficiency.
[0039] The following examples are included to illustrate certain features of the

invention but are not intended to be limiting.

Comparative Example 1

[0040] A computerized simulation was conducted using a Lummus SRT VI two
pass coil without random packing material. This example simulates typical running
conditions employed in the field. The heat transfer coefficient was found to be 60.6
BTU/hft* for the first pass and 56.4 BTU/hft* for the second pass. Table 2

summarizes the coil parameters and operating results obtained.



1.75 No. parallel tubes, pass 1 28 Inlet D aneter, pass 2 (in) 4.0 Qutlet
D aneter, pass 2 (in) 4.5 No. parallel tubes, pass 2 4 Length / pass (ft)
30 Cat al yws0 2vwvoghio2( kg) 1570 Void Fraction (-) 0.809 HCrCiras2¢odios49)2 8832

St eam :

oil ratio 0.5 Inlet Tenmperature (C) 621.1 Conversion (%
Table 2
Inlet Diameter, pass 1 (in) 2.0
Outlet Diameter, pass 1 (in) 2.5
No. parallel tubes, pass 1 16
Inlet Diameter, pass 2 (in) 4.0
Outlet Diameter, pass 2 (in) 4.5
No. parallel tubes, pass 2 4
Length / pass (ft) 30
Catalyst Weight (kg) 0
Void Fraction (-) 1
HC flow (Ib/h) 8832
Steam : oil ratio 0.5
Inlet Temperature (°C) 621.1
~ Conversion (%) 76.9
Coil Outlet Temperature (°C) 833.3
Pressure Drop (psi) 1.6
Maximum wall temperature (°C) 1068.9
Firebox Temperature (°C) 1185
Heat transfer coefficient, pass 1 (BTU/h-ft") | 60.6
Heat transfer coefficient, pass 2 (BTU/h-ftz) 56.4
External Heat Transfer Area (ft°) 455.5
Example 1
[0041] In this Example, a computerized simulation was conducted using a Lummus

SRT VI two pass coil with random packing material in the second pass. The packing
material was set to exhibit typical properties of packing materials such as silicon
carbide. The heat transfer coefficient of the unpacked first pass was found to be 63.4
BTU/h-ft>. The heat transfer coefficient of the packed second pass was found to be

131.1 BTU/h-ft>. Table 3 summarizes the coil parameters and operating results

obtained:



76.9 Coil CQutlet Tenperature (C) 803.3 Pressure Drop (psi) 9.2 Mxinmum wal |
tenperature (C) 1031.7 Firebox Tenperature (C) 1201.7 Heat transfer

coef fici ewD,20pess302 (BTU h. ft2) 63.4 Heat transfer coef PrTiuseaog/opass 2
(BTU h.ft2) 131.1 External Heat Transfer Area (ft2) 416.3 Exanple 2
[0042] In this Exanple, a conputerized sinulation was conducted using a
Lummus SRT VI two pass coil with raﬁld&m3packi ng material in both passes.
The packing nmateri af propmiiﬂs of & exarple—were—the sane as those in
Conpar ati ve Exanpl e f ; cked; lt%i oil diameter is
i ncreased to prevent_redutbdePmmeterypas ddindue t o |a Kthst antial pressure
drop. However, due to the Necpaalded tiescprish 1di anet efr, 28i ghificantly fewer
coils are needed to] treat Inhe Dianetecapsd tiy) of feed. 4Packi ng both passes
results in greater jsurfaceuleebiametdt past hgigol | s than spacking a single
pass. Here, the heal Transkgl p&ORdlihidsEftss 9as found Tp be 117.1 BTU h.ft2
for the first pass H{y jds€ (fiPT t1Te secongopa s. Table 4

RS i A0 S b
Void Fraction (-) 0.809
HC flow (Ib/h) 8832
Steam : oil ratio 0.5
Inlet Temperature (°C) 621.1
Conversion (%) 76.9
Coil Outlet Temperature (°C) 803.3
Pressure Drop (psi) 9.2
Maximum wall temperature (°C) 1031.7
Firebox Temperature (°C) 1201.7

Heat transfer coefficient, pass 1 (BTU/hft°) | 63.4
Heat transfer coefficient, pass 2 (BTU/h-ft) | 131.1

External Heat Transfer Area (ft°) 416.3
Example 2
[0042] In this Example, a computerized simulation was conducted using a Lummus

SRT VI two pass coil with random packing material in both passes. The packing
material properties of this example were the same as those in Comparative Example 1.
When both passes are packed, the coil diameter is increased to prevent reduced olefin
yields due to a substantial pressure drop. However, due to the increase in coil
diameter, significantly fewer coils are needed to treat the same capacity of feed.
Packing both passes results in greater surface area within the coils than packing a
single pass. Here, the heat transfer coefficient was found to be 117.1 BTU/h-ft* for the
first pass and 131.8 BTU/hft* for the second pass. Table 4 summarizes the coil

parameters and operating results obtained:
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Inlet Dianmeter, pass 1 (in) 9.0 Qutlet D aneter, pass 1 (in) 9.8 No.
paral l el tubes, pass 1 4 Inlet D aneter, pass 2 (in) 9.0 Qutlet D aneter,
pass 2 (iwD 20100682 paral |l el tubes, pass 2 4 Length / pa&s3/ustaop/od8BoLat al yst
Wei ght (kg) 3950 Void Fraction (-) 0.809 HC flow (I b/h) 8832 Steam: oil
ratio 0.5

Table 4
Inlet Diameter, pass 1 (in) 9.0
Outlet Diameter, pass 1 (in) 9.8
No. parallel tubes, pass 1 4
Inlet Diameter, pass 2 (in) 9.0
Outlet Diameter, pass 2 (in) 9.8
No. parallel tubes, pass 2 4
Length / pass (ft) 30
Catalyst Weight (kg) 3950
Void Fraction (-) 0.809
HC flow (Ib/h) 8832
Steam : oil ratio 0.5
Inlet Temperature (°C) 621.1
Conversion (%) 76.9
Coil Outlet Temperature (°C) 796.1
Pressure Drop (psi) 7.5
Maximum wall temperature (°C) 871.1
Firebox Temperature (°C) 1045.6
Heat transfer coefficient, pass 1 (BTU/h-ft) | 117.1
Heat transfer coefficient, pass 2 (BTU/h-ft") | 131.8
External Heat Transfer Area (ft) 590.6
[0043] As can be seen by comparison of Comparative Example I and Example 1,

even with less external heat transfer area, packing the outlet tube has reduced the
maximum metal wall temperature by 3.5%. This is further shown by the greater than
two-fold increase in heat transfer coefficient in the packed versus unpacked second
pass. Such a reduction in the maximum metal wall temperature will reduce the rate of
coke production and deposit and enable longer runs prior to shutdown for decoking.
Additionally, a lower maximum wall temperature could allow the use of coils made
from alloys with lower melting points.

[0044] Likewise, comparison of Example 2 to Comparative Example 1 and Example
1 shows a marked increase in heat transfer coefficient in the packed first pass.
Similarly, the maximum metal wall temperature in the coil with both passes packed
(Example 2) is 18.5% lower than that of the unpacked coil (Comparative Example 1)
and 15.6% lower than that of the single pass packed coil (Example 1). Since the rate
of coke deposition increases with the maximum metal wall temperature, longer run

lengths can be expected when employing random packing as in Examples 1 and 2.
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Inl et Tenperature (C) 621.1 Conversion (%9 76.9 Coil CQutlet Tenperature (C)
796.1 Pressure Drop (psi) 7.5 Maximum wal | tenperature (C) 871.1 Firebox
Tenper at Wwe 2000y06345. 6 Heat transfer coefficient, pass PCCBBRjoa/06498) 117.1
Heat transfer coefficient, pass 2 (BTU h.ft2) 131.8 External Heat Transfer
Area (ft2) 590.6 [0043]As can be seen by conparison of Conparative Exanple

| and le 1, even with | ess external heat transf , Ki th
out | et Eﬁ}g has r@ﬁid’é‘éﬂaf@gem ﬁiWﬁﬁSnagPﬁ?’ Mfef t?‘%ﬁr’]r%éﬁréet g%?ibiﬁ%;%&n@/‘mi g i s
further s h%ﬂerpxﬁgmggg(ggﬁeﬁedt 52Bnd Wass Oithis AELEARRed RoflCAL cdil WM Bth

coefficient int ver sus unpacked second pass. Such a reduction in
t he maxi nmunpasedsapacked |yi¢cldsmes &0uredustibh ineclulee tethperatare apfcopyladpiooduct i on

and deposit and enable | o ' t hut f . Ki ng. .

Addi 1 onal | APAEoiidh Sl PR hriieTof Bhotpbded & dtrdoat rub EREG8BEdR coi s
made from ag,ﬂlgom Webdy pRyer mel ting points. [0044]Li kewi se, conparison of
Exanple 2 to nparative Exanple 1 and Exanpl e

[0046] As is shown by a comparison of Examples 1 and 2 with Comparative
Example 1, the use of a random packing roughly doubles the heat transfer efficiency
in each packed pass as compared to an unpacked coil.

[0047] In designing a packed coil, the pass diameter may be larger than that of a
conventional unpacked coil used to process the same quantity of feed to compensate
for the volume of the packing. The void volume in each coil should be relatively
similar to ensure that the internal pressure remains relatively equal. A packed coil
with increased diameter will exhibit a similar drop in pressure during operation to a
non-packed coil with equivalent void volume, thereby maintaining a low partial
pressure. Control of low partial pressure is conducive to high selectivity in the
pyrolysis process.

[0048] It will be appreciated that various of the above-disclosed and other features
and functions, or alternatives thereof, may be desirably combined into many other
different systems or applications. Various presently unforeseen or unanticipated
alternatives, modifications, variations, or improvements therein may be subsequently
made by those skilled in the art which are also intended to be encompassed by the

following claims.
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1 shows a marked increase in heat transfer coefficient in the packed first
pass. Simlarly, the maxi mnum netal wall tenperature in the coil with both
passes pawbedioimwzmepl e 2) is 18.5% 1 ower than that of tireTIsp@okedozoi |
(Conparative Exanple 1) and 15.6% | ower than that of the single pass packed
coil (Example 1). Since the rate of coke deposition increases with the

maxi mum netal wall tenperature, |lo r.run | engths can be expected when
enpl oyi ng random packing as in Exéﬂﬁ%é&flﬁ and 2. WO

2010/ 06/302PCT/ US2009/ 064902 [ 0045] As illustrated in the Tabl es above,
out | et "t BMS&ARET e i s reduced by 3.6% when enpl oying a packed second pass

versus an URR3AKE FRblysishetgd systeil) cbRblisigsses packed yields a 4.5%
reduction in outlet tenperature as conpared to an unpacked coi] and a 0.9%

reduction aan mdaipdeedfeedsteck indntpadused ite thejaol and @rjongfet whesaolefinodyst ond
pass. [0046] As isiy% WPy a conparison of Exanples 1 and 2 with
Conparative Exan%ﬁg ; Yhe use of a random packi ng roughly doubl es the heat
transfer effilehsenay geflereldy bypaiicat ppadstweencthepaleednd outdn, whpeokadeawi | .
[0047] I n designing a packed coil, the pass dianeter may be | arqger an t hat
of a conventi onaParhﬁﬁﬁdR@HO%P‘FSSd%@@dP@?%P@gé‘ZW@r?ethgﬁ%%R’q‘iﬁﬂP%‘ﬂ? ft&rerf eed
to conpensate f.ofnafeﬁﬁl vol unme of the packing. The void volune in each coil

shoul d be relatively sinmilar to ensure that the internal pressure remains
rel ativelly €hgadil ofklgiack echetein thehtimallycroedseiyedillznetatarialisld cegathichi t  a

simlar drop in pressur uri.ng operatjon to a -packed. cai |, wth

equi val ent Eb‘? W‘ﬁ%ﬁeﬁ?‘f@, =‘ﬂé¢rr%‘8 ?T@Fﬁ?aéiyrﬁoﬂ ucéwpgaﬁbg}afqng?ls gdl%e. control
of |ow p%rt'gﬂé &r@ﬁa@m,i%&aﬂ%wﬁnm donaotiR! ARt makdrial isnsilidoa caidl. ysi s
process. [0 48TIt w || be appreciated that various of the above-djscl osed

and ot hers. f €h¢ wodsofacldini U comprisingotwalpassen gonnasted: Fiar @ generglly Wshapsdi r abl y
conbined into many other different systens or applications. Various
present |y uff®®5een or unanticipated alternatives, modifications,

variati ons, TRE chillBf EMBABN et bethb TRy pieessobequidatd sandaddly fmckedodtd
skilled in the art which are also intended to be enconpassed by the

fol | owi ng citeimally condugprdile 5BerPET/ US2009/ 064902 CLAI M What is cl ai ned:
1. A coil Tiﬁ? %ﬂ? %éré%&aé%l $ \pl?eq‘%ihn&lesé'fsthg %ssgér)] IPtHeSEdB1s ﬁﬂddrﬂ{yﬁéac\é@@&@m

feedstock7‘ I’nt’o e coil outl et where o I n product

exits the ceiekmalty cdrdastiveofiiéergeneda) |y cylindrical pass between the inlet
and outlet, wherein at |east part of at, |east one pasElis ranﬂoﬁrﬁi achacked
Xigh Pl

with a tHer e |apilcehelimi v.e Wherein caghcailj pass hes ap, axiahlength 4p
wherein t hecéﬁc@cﬁ% hp Fﬁgﬁ,ﬁﬁf {s8nddrhl égacﬁ@é &1 4 Bbrtlod & th€hRMA fenglh of Tl COI |
& Fe™t 1Py Con i

of claim 2, rein erma uctive filler material is hexall oy.
4. The coil pads ofltlad ¢vil2, wherein the thermally conductive filler material is

o e R oS Rad” Sz i ety SRR fifr MR AASSRRSQTRBR! o
than one type of material.

10. A method of increasing heat transfer in a coil of a pyrolysis system with at least one
generally cylindrical pass positioned between an inlet and an outlet, comprising
randomly packing at least part of at least one pass with a thermally conductive filler
material.

11. The method of claim 10 wherein the thermally conductive filler material is a ceramic.

12. The method of claim 10, wherein the rate of coke build-up within the packed coil
during the pyrolysis process is reduced in comparison to a coil with a similar void

volume without packed filler material.
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6. The coil of claimb5, wherein both of the passes of the coil are randomy
packed with thermally conductive filler material. 7. The coil of claimb5,
wher ei n owe 20fo/deb®2passes of the coil is random y packe@Cwmitushoovoesnnl |y
conductive filler material. 8. The coil of claim5, wherein each coil pass
has an axial length and thermally conductive filler material is randonly

packed in._a. porti,o f.the axial length of one pass of .the coil The
o | Cof cralF Tetiiral Sl o NeFST FaPPyIES RGEE D6 PF TSt SRR MR Bpr | ses
nore than opfe pHERJOE0INBARS forla 1oHder Pefitd RODid thadCh esteMIwiBalt fanamaf er in
a coil of a pyrolysis systemwith at |east one generally cylindrical pass
posi ti oned betkirgndam sinnlastvoihyolamedattheoil saipatiledshgne andkstppsppii®itag at

| east part gf .at | east gne pass with a thermally conductive filler

mat eri al . 1%ut8r‘?1‘§n f%tdﬁ%%l@' claim10 wherein the thermally conductive

filler materhalméthod ofesldm ¢0, dderelhehdraidxidumf tetlpaianird Oof Meecati mvallns rate
of coke build-up within tohe packed_coil_ duri nq ghe pyrol@y§i S process is
reduced in Esweet Pxehowic%a te (ibPUW 1% & B Abquarl 2vptyakaitt Flee PRYEE Dacked

filler mategy : er conprising running
t he pyrol ys%%%n;ﬁlégnuwz{}ﬁoﬁg{@g%?l{doﬁgelmﬁggigg VI?E){{"Itlebpass for a |l onger period
of tine tifam analysl efpywblybingta halrdenbgaftkdsngckainth alefinsmd asystandavinguame t o

the coil with at |east onpe cked pass priqr t.o shytdo for, decoking. 14.
The met hod &Rclesedifinaes withat Easi %ﬁéeﬁﬁ'mainﬁéﬁﬂﬁgt%ﬂc cgH “EIWea“c‘qut= Wl s
reduced by GQ@é{tangg?ﬁe%t%HQP&ss}%dﬁ{sir@{ about 12%to about 30% conpared to a

system wi t hout random packing and a sim/lar void volune. 15. A nethod of
pyrol yzi ng sandgoiy packiogatf keed gtadckf atreast ohetpihpasnwith sydewmllyasandyctave

encl osed furnace W th at. | east one generally cylindrical coil, each coil
with an inlet, afl'sUPP%fiahnd at |east one pass, conprising: randony

packing at kfasfuciigific I8fdrédarbaftd RRGtHeQhlet PABS c¥iid;h a thermal [y conductive
filler material; introducing the hydrocarbon feed into the inlet of the

coi | s; heat heajingtthe eails to a temperagyrp sriiciant tosbieek epwn the hy dseeasRongisesstedke
hydr ocar bon feedsttocgeégl'nn_t o olefins; collecting the olefins at the coil
outlet. 16. The MEPRSA S pyrol yzi ng a hydrocarbon feedstock of claim15,

further congﬁilajtiﬁgﬂdsjdlaﬁﬁmtmmimreacar bon feedstock with steam 17. The
met hod ofk{gﬁ_r ol yz#&? a hydrocarbon feedstock of clzqim 15, erein the

random y e dnethed phpyiphesede by fixpsanbpp fegdsiagk af jckaim; b, fuptheragaprisingat

i ncreases t . ! LLion. 18. The process for

pyrol yzi ng gﬂﬁiﬁg‘é’g‘&%@?%g setdgtgﬁlg(()nfmﬁ%lhﬁ] 15, wherein the randomy packed
t her mal | y1 Z dhdusicihod 6f Iplyeslyziag ex itgldrdcartoneftedstocki tf claimat H, ywhereimathe

increases the rate of chem cal deconposition. 19.. The pr ss_for

pyr ol yzi ng éawaﬂb@a?lﬁérfﬁ?@?g]é’t@e u Venﬁ‘ljﬁrrﬁ’aitgr,“ﬁflﬁFt%éaﬁysggﬁ%rlpgﬁﬁﬁs 149 owi ng

the system \9&&&5@@%@@&_@&%6@&&{! at least part of at |east one pass to run
od o

for a | onger peri time conpared to a system w thout random packing and
a sinilarl&dhd potessefor 20yrolfamgpnobplecailom pgadsiogk i efgclaimy Hy, owhetgim the

Ssostoek ol A A R SHD, SOBSHY Bt STREAC G R SR Ry
random packijfigeA8$kha rik BF Liddmival décybsdiBon.
19. The process for pyrolyzing a hydrocarbon feedstock of claim 15, further comprising
allowing the system with random packing in at least part of at least one pass to run for
a longer period of time compared to a system without random packing and a similar
void volume.
20. The process for pyrolyzing a hydrocarbon feedstock of claim 15, wherein the outlet
temperature is reduced by about 2% to about 10% or about 0.5% to about 5% as

compared to a system without random packing and a similar void volume.
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