A PROCESS FOR CRACKI NG HYDROCARBONS USI NG | MPROVED FURNACE REACTOR TUBES
FI ELD OF THE PRESENT | NVENTI ON The present invention relates to a process
usi ng i nproved reactor tubes for use as a heat-absorbingsurface in any
fired heater or furnace. Mre specifically, the present invention relates
to a process for cracking hydrocarbons to produce ol efinic gases (a
~process al so known as " pyrolysis') using inproved reactor furnace tubes,
such as by reducing the catalytic coking that occurs with the use of

conventional tubes, and R E, S | %h f 'Srrprovi ng product
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For the past hpef-absorbmg spelaeesin pyy iited dieateg o5 SWPAR- ablore FRec] ent
residence tines and relatively hi tenperatures in furnace reactors has
been the favdnwatipn seletes i apraasss {oF seRskingdy dprcarbgpni Bivduce,pieptinic 28sss@d as
a precursor for several kinds of plastics (e.g., polyethylene, :
pol ystyrene, paordssPale) kaenin o5 fpsrolpsie) ypoing impeoisd gerctor fymacs, beh sugh pe by
(antifreeze). United States PatentNos. 2,671,198; 3,407,789; 3,671, 198;
4,342, 642; 4r4B0ing3ke eatalytis cakiig datsodcinsusith theausp o€ penvgniionghmbes, and @hthe
short-residence tine/high tenperature cracking. furnaces. 1

same time, significantly improving product yields. Most specifically, the present

invention relates to the use of higﬁ-perfonnancé reactor furnace tubes comprised of
ceramic and/or exide dispersion-strengthened (*ODS”) materials in the process of
cracking of hydrocarbons by pyrolysis at significantly higher reactor furnace tube

temperatures than previously practiced.

BACKGROUND OF THE PRESENT INVENTION

Cracking furnaces long have been used in the process of éracking a variety of
hydrocarbon feedstocks to ethylene and other valuable olefinic gases. For the past 20 or
30 years, pyrolysis cracking at relatively short residence times and relatively high
temperatures in furnace reactors has been the favored process for the produ_(_:_tiQn of
ethylene, whichié used as a precursor for several kinds of plastics (e.g.. poljreﬂls?lf;ﬁe,
ﬁolystyrene, and PV C) and other everyday items such as.et_hj,rlene—glycol (antifreeze).
United States Pe;te.nt Nos, 2,671,195; 3.407,702; 3,671,198; 4,342,642; 4,499,055 and
5,427,655 illustraie basic designs of such short-residence time/high temperature cll'acking‘

furnaces.



When thermal ly cracking saturated hydrocarbons to olefinic

hydr ocar bons--such as the cracking of ethane to predom nantly ethyl ene, or
t he cracking of heavier saturated hydrocarbons |ike those conprising a
napht ha or gas oil feedstock to produce |less saturated products; such as
et hyl ene and ot her higher olefins--it is generally desirable to input that
quantity of beat needed to effect cracking of the hydrocarbon feed very
rapidly while reducing the time that the initial cracking product is

exposed to the crgfih RgHARL crhdkingsBhted BydrBe s @o olvfinkeydedoatbiony-sath such
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(reactor furnace tubes) ..into hydrocarbaon f.eedstock t f there
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serpentine shape that runs verti %alléar@glrfan do=ran in the firebox, or. it
may be as sheFacesgdordBmage aseskingf ydrocarnisedSne singl e pass through the
firebox, with or wthout a "crank' (see Di N col ant oni od.et a%.éfggqi ted
States Patent 4, 45be g8ckingmage gsed ipyihq wackingproeespit a; diely freflglvicpdp; ;o

et al., United States Patent 4,412,975). 2 . . _
‘which a hydrocarbon feed, in the presence of dilution steam, passes through reactor

furnace tubes in which endothermic reactions take place to form a wide range of cracked
products, including ethylene. A conventional cracking farnace generally comprises a
| refractory lined firebox containing a multiplicity of high alloy mcj,tal reactor furnace tubes’
ih.rou'gh the interior of which flows the hydrocarbon feedstock to be cr.acked,. together
‘with a suitable amount of dilution steam. The sensible heat and the heat of cracking are .
supplied primarily by radiant heat from burners located on the floor and/or walls.of the
firebox. This heat transfers through the metall_ic__xeaction.:lines_.(r_eaé_tor fumnace tubes)
into hydrocarﬁon feedstock that flows there within. A reaction line may' be as long as 400
_feet and/or coiled in a serpentine shape that runs vertically up and down in the firebox, or
it may be as short as e;bout 50 feet in a straight single pase through the fireboz, with or |
without a ‘crank’ (see¢ DiNicolantonio et al., United States Patent 4,499,055; Wallace,

United States Patent 3,671,198; Parizot et al, United States Patent 4,412_,975).



I nternedi ate | engt hs and ot her geonetrical configurations also are possible
and, indeed, currently practiced. Cracking furnaces, as constructed today,
provide for mllisecond residence tine at a maxi numbulk fluid tenperature
of about 1625F, and are, with respect to their radiant heated reactor
furnace tubes, constructed of netallic materials. The fireboxes thenselves,
which may be lined with refractory materials, are capable of delivering a
greater heat |oad than the netallic materials of the reactor furnace tubes
can wi t hst angheiRisite 1BRRhIRHA GBI U6 Rk RANSABEWHIRONS hlsb Af> pdMSIbR) dddS indeed,
materials, of which the reactor furnace tubes are constructed, [imts the
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capacity (mhlgﬁ 8 be as high as possible), and their residence tine
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(which should be as short as possible), and hence selectivity (to achieve the qughe_st
possible yield of valuable olefinic species like ethylene and propylene, for example).

To date, given the relatively high temperatures to which the reactor furnace tubes
are exposed in a thermal cracking process, metallic materials have been preferrf.ad as the
only materials for construction of such tubes. As reactor designers have ét:tivfed for the
higher capacity and higher selectivity in the process, which would result from thp use of
materials with higher maximum service temperature limits, they have steadily improved
the -properties of the metallic alloys from which-the reactor farmace. tubes are
manufactured. In recent times, conv‘e;iﬁonél reéctor furnace tubes hﬁve beén cohstruéted
of nickel-containing alloys. In general, the developmeni of 'the nickel-containing alloys
for reactor furnace tubes, in order to increase the maximum service teraperature of the
aforesaid reactor furace tubes, has been accomplished by the addition of ever-increasing

amounts of nickel. See, for example, Kleeman, United States Patent No. 6,409,847. The



best ni ckel -based all oys, however, still have maxi num servi ce tenperatures
of only around 2100F. The exposure of conventional reactor furnace tubes
to additional high tenperatures will exacerbate the problens already

exi stent with conventional reactor furnace tubes, which include, but are
not limted to, accel erated coke formation, consequential carburization
and creep elongation. At high cracking tenperatures, the nickel in
conventional reactor furnace tubes acts as a catalyst for coke formation
i nsi de the | best-nickepbased allbyy, Howeverptilt bie mhwmuims servise teripersiareal oftdndy

coke." Coke also fornms on the walls of the netal lines as the result of
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.coke, having both a different formation mechan_ism and a different structure from
catalytic coke, is known as ‘.‘pyrolytic coke.” The coke formed by pyrolysis overlays on
top of the catalytic coke in the reactor furnace tube. The pyrolytic coke, being a function
of time, temperature and coke precursor material, increases in amount along the line
le-ngth, peaking at the output end of the reaction line where time, temper;'iture and
precursors are at increased levels. For a recent example of a general discussion of coke
formation in the cracking field, see, for example, the following: Kinetic Modeling of Coke
: _Farmatmn durmg Steam Crackmg, S Wauters and G B. Marm Industnal &
Engmeenng Chemlsmr Research 41 (10), 2379-91; Cammenrs on "Kinetic Moa‘ehng of
Cole Formation during Steaiin Cracking,” Lyle F. Albright, Industrial & Engineering
Chemisiry Resea.rch., 41 (24), 6210-12; and Reply to Connments on "Kinetic Modeling of

Coke Formation during Steam Cracking,” Marie-Frangoise S. G. Reyniers, Sandra



6213-14. Coke' formation is deleterious to the process for a nunber of
reasons.. The deposition of coke on the insides of the reactor furnace
tubes constricts the flow path for the hydrocarbons, causing an increased
system pressure drop. The higher average hydrocarbon partial pressure
reduces the selectivity of the process; and in extrene cases,. the coke
can cause inaldistribution of flow (between parallel reactor furnace tubes)
and, ultimately, a decrease in the furnace. capacity. Additionally, the
coke | ay-do b NSkhAR; : T Py : : pHL ance
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the reactor tube wall and the bulk fluid flowing within the reactor tube. Consequently, the

| outside flue-gas temperature, the firing rate and the outside tube wall temperature hg.ve to
be increased in order to- maintain the same temperature- and/or conversion of the
hydrobarbon fluid ﬂowing within the tube. Eventually the outside temperature ‘of the w'ali
of the reactor tube. can reach the maximum service limit for the material froi;n which the
tube is manufactured, under which circumstances the coke has to be removed by passing

a mixture of steam and air through ﬂie tubes in order to convert the coke (basically
carbon) to a mixture of carbon oxides. This process is known as “decoking.” Decoking

- consumes valuable resources and, in the case-of conventional nickel-based metallic alloy
' reactor fumnace tubes, reduces the life of the fubes. Tube ]ﬁfe is reducé&'by a variety of
mechanisms including, but not limited to, abrasion. thermal fatigue, and damags to the

internal oxide protective layer.

By way of example, in the process of ethane cracking, generally the coke‘

precursor material with the highést rate of coking from pyrolysis is acetylene, although



produced by catal yzed reaction on the nickel in the tubes, on the other
hand, can be fornmed from al nost any hydrocarbon and, of course, at |ower
tenperature levels and in less tine than needed for pyrolytic coke. In
order to reduce catalytic coking in alloy reaction lines, those skilled in
the art have enployed a variety of nmeans. For instance, sul fur dosing and
chem cal treatnents. have been used to suppress catal yst sites by cl addi ng
and bonding. OQther surface treatnents have been enpl oyed, such as coatings

and vapor depgsdiéd th%hﬁafe,aBﬁtsdiaﬁé%ﬂd Wehamk GioSconBflNt e thedbokind N idioRE

States Patent No. 5,630,897, describes a nethod for treating for furnace

tubes to redygesfead BYrdidRizkd Rea@lonCoHinRiok®l T HAT fubes, WANRS otheP bl carPlbat €s
Patent No. 6,139,649 descr |1bes a nethod for coating high tenperature
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Addi tionally, z Acevedo et a Udited States Patent No. 6,475,647,
descri bes a tive td ng for protecting stainless steel from
REQ it thaf rfegﬁ’ég Jg{}tﬁhmﬁoﬁé %I'E},-u

coki ng and corrosion. ( tion steamis often used to reduce
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the use of Sitleiat?ggn fo?‘ei{;r?lra]lectsubes to reduce carburization or coking. Similarly, Wynns, United
States Paten{ No. 6,139,649, describes a method for coating high tgsmlﬁerature picl{el
chromium alloy products such as furnace fubes to reduce coking. Additionally, Mendez
Acevedo et al., United States Patent No. 6,47‘5,647, déscribeé a protective coating system
for protecting stainless steel from éok.ing and corrosion.
In addition, dilution steam is often used to reduce coke fonnafion l:ﬁsi‘de the lines
and to lower hydrocarbon partial pressure to prm}ide improved ethylene yields
(selectivity). The use of dilution stearn, however, also significantly increases the cost and
L B ‘complexity of operation by adding the need for steam-raising equipment and by reducing
| .t].ze rééctof thrdughput.resulting. .il.] e:;:'.pén.si.\}e aﬁd cumbersome downstream 'bp.erat'i.ot_l's t;»
separate the water from the hydrocarbon products.

Despite such efforts, coking in the high temperature region of the reaction line

continues, nn lengths remain short and furnace shutdown is common.



for reactor furnace tube construction. For exanple, Wnkler et al"™ United
States Patent No. 2,018,619, describes an apparatus for the pyrogenic
conversion of hydrocarbons that wuses reaction |ines made fromsilicon
powder; Endter et al., United States Patent No. 2,987,382, describes a
furnace for carrying out gas reactions in ceramc tubes; Coppola et al.,
United States Patent No. 4, 346,049, discloses silicon carbide powder
conpact s produced from al pha phase silicon carbide powder for formng

furnace |ines: g&b bl Wil by A B AR B0 RD1ecly sadB 0

descri bes Ilned t Oof Ner reac mever one

of these ref greng aﬁrgor%gteﬁugma% 1L prloTRE QBN R useotfhﬁwgﬁ@e%k'n

process t hat are“%o@s % dTeRHoE 2 SiRg gantly

hi gher tenperat ur an conven onal d E
Patont Apol 1 doh e pe S50 SeuiFoay Ebr SRS, okl A ﬁ?‘ﬁé?&ﬂ*ﬁ%ﬂggn?
conprising a.rta de particl erS| on iron aI al
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carburizatio S‘iﬁrr@?ﬂt’éﬁgmﬁ%&? e digp ?fﬂ“f‘h@"‘b& er Ly Hdﬁ%gtaﬁg %q‘ﬁ"i efly
mentions that the entire tube can be construct ed of the rare earth oxide
particle di sperésdh descoihesa fugiace for campias Ut 4ap Fraglions imepramin duss: eoppatact
specifically state that it is advisable to use the material only for tube
portions wherk Esiteh§tatasobatentsNo.od3de.049rrdisclosesp silisen carbidgr papvdes Lompactavay
fromany benefit to the cracking process of constructl ng the entire tube
of fromthe @rddoged fpm' sl phass dge@ Aybids urpyedst fom famingndiymacehtinest ad t wo
characteristics of rare earth oxide particle dispersion iron alloy--being
ni ckel - free Villihntsasti #lg WniteidgBtatea dratantn N r 42663 18edgsenites Uimed - wbes B highd t o
produce a furnace 7 reactor tube in which, hydrocarbons can be processed
and cracked ateshirgheforneapemsidry., Hobayet, grone &f i thiesa g efetenens, tehdhgtie puggestetbei vity
and, under sone circunstances, higher

improvements in the crachg process that are possible when using ceramic or ODS tubes

at significantly higher temperatures than conventionally employed.

Additionally, European Patent Application EP 1 018 563 A1l discloses a heating
furnace tube comprising a rare earth oxide particle dispersion iron alloy containing 17-26
wt.% of Cr and 2-6 wt.% of Al and a method for using and manufacturing suchAa heating
line in locations where the coking and carburization problems occur during the process.
Although, EP ‘563 briefly mentions that the entire tube can be constructed of the rare
‘ earth oxlde pamcle d1spersmn iron aHO)’ at page 6, llnes 42-45 the patentees speclﬁca}ly-'

 state thaf 1t is advzsable to use the material only for. tube pomons where coking problems
occur. Thus, EP ‘563 clearly tecaches away from any benefit to the cracking procezs of
constructing the entire tube of from the alloy. EP ‘563 also does not suggest in any way
that the two characteristics of rare earth oxide particle dispersion iron alloy--being nickel-

free and having a high maximum service temperature--can be used to produce a furnace



conversion than possible heretofore. Finally, Tassen, C. S. and co-workers,
in a paper entitled "H gh Tenperature Service Experience. -and Corrosion
Resi stance for Mechanically Alloyed ODS Al l oys," Heat-Resistant Materials,

Proceedi ngs of the First International Conference, Fontana,. Wsconsin,
23-26 Septenber, 1991, suggest that ". . * MA alloys should perform
exceptionally well in pyrolysis and steam net hane reform ng at nospheres

...." The assertion is, however, nmade entirely in the context of the
superi or car biakioZ &lbedn wigeh By &oeeborefcahfoe Gitefsed chdrrachid al highadcapaditge
di spersion strengthened) all oys. The paper does not teach or suggest in

any way that sgder abkiigefte I @HsICRighée stlestviy i &, afndeokeme Neitcuhgtancedp dighiehe
paper teach or .suggest in any way that the two characteristics of rare

earth oxide pkitdnltBarlo3fiblehbRibroreon al | oy--being nickel-free and having a
hi gh. maxi num Service ‘téenperature--can_be used to produce a furnace

reactor tube in wWaiel PrAEACR PORR 660hoRGrs, B ACRpecehtaRd “Higls Rehpafatié gher

capacity, shorter resi’dence time, higher selectivity-and, under sone
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prior art generally“teaches the use ofs non-conventional reactor furnace
tubes for regducing. coking. .. | F aflOPRst MRerhGARD QnfdtRECFindual any
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hydr ocar bons 128" a .t enpér above about I300F'in a
reactor furndce Lubge assenbly c [i Si , furs t ube
conpri sed of e%fePté%@ ﬁlteﬁt"é-‘fl’ g@f@?’ 0l ,aﬁ%ﬁﬁe@gﬁﬁ{%ﬁ@%@n li“@lrrensa'i eri gﬁ@ 8
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di scl ose nonaf MA ODS (mechanical alloyed oxide dispersion strengthened) alloys. The paper does

not teach or suggest in any way that ODS alloys reduce the fonna_tion.of coke. Neith_ér
does the paper teach or suggest in any way that the two characteristics of rare earth oxide
particle dispersion iron alIo.y»being nickel-free and having a high maximum service
temperatﬁre—-can be used to produce a fumace reactor tube in which hydrocarbons can be
processed and cracked at higher capacity, shorter residence time, higher sélecﬁvity and,
under some circumnstances, higher conve;sion than possible heretofore.
Thus, while such prior art generalljr teaches the use of non-conventional reactor
- >ﬁ1jm§cc-t;=b¢s for reducing coking, the prior art does not teach-or suggest that any benefit
éﬁﬁld be derived from a prbc'lcjs"s. f;{r”c.ra;:king a.' hydrocarbon 'féeds.t'ock into olefinic
hydrocarbon products comprising cracking said hydrocarbons in a fumace al a
temperature of above about 1300°F in a reactor furnace tube assembly comprising at least

one reactor furnace tube comprised of a temperafure-resistant, non-nickel containing

material.’



conventional reactors conprising ceram c conponents. Additionally, at the
El eventh Ethyl ene Forum on May 14-16, 1997 and at the 10th Ethyl ene
Producers Conference in 1998, Messrs. Pham Duncan and Gondol fe presented
papers entitled "Energing Technology: Utra-H gh Conversion Steam Cracking
for Ethylene Production Using Advanced Ceram cs" and "Coke Free
Cracking--Is It Possible," respectively, which discussed investigations
into the use of ceram cs for ethylene furnaces, but did not disclose or
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conventional tubes. It is _another object of the present invention to
provi de a pr dedhelogpy U@Faaﬂléhngomwyﬁéﬁfb&iﬁfﬂoﬁ@ch‘?gIfP‘Z Gty leneaBeodvction Uieg
tubes made of non-nickel containing high- tenperature resistant materials.
9 It is stilAdsansed&eramre @ndaf‘C@kﬁeF@pe%reﬁtma ¢ dhtFoasible.d esnsctively, avhielocess
utilizing reactor furnace tubes that inhibit coking and are carburization
and oxi dat i ofiseussdds inxestigafians into the use of ceramics for ethylene furnaces, but did not

disclose or teach that improvementé in ethylene production were possible by operating a
furnace at high temperatures with nen-nickel containing high-temperature resistant
_reactor tube materials.

SUMMARY OF THE PRESENT INVENTION

The present _inizention concerns an improved process for cracking a hydrocarbon
feedstock in a furnace at significantly higher temperatures than previously employed in
the art, |

It is an object of the present invention to provide a process for cracking
hydrocarbons té produce olefinic gases utilizing reactor furnace tubes that can reduce

and/or Substantlaliy ¢liminate.the-. catalytic - coking “that occurs with the use of
q::onvéntidnal- tﬁbes and, at the same, time oj:erate at significantly lﬁgher temjaeratures
then can conventional tubes.

It is another object of the present invention to provide a process for cracking
hydrocarbons utilizing reactor furnace tubes made of non-nickel containing high-

temperature resistant materials.



high flexure strength. It is still a further object of the present
invention to provide a process utilizing reactor furnace tubes that can

wi t hstand very high loads, in very short residence tinmes, provide highly
selective yields, and in the special case of ethane cracking, provide
ultra- high conversion and |longer run-length. It is a further objective of
the present invention to provide a process that allows a pyrolytic
cracki ng process to be conducted at higher reactor furnace tube outer skin
tenperatures (up : 0) i I kn -1L0QF erably

wi t hout increasi%gsﬁﬁg%%gﬁéﬁ ﬂ%%%g c%?% §§F%h@%‘gqﬁgégg%]%ﬁgﬁ%ﬁlgéﬁglt i's
a further anglhek ARIce S Chhat iARRESSANAnd Y ERbIA ol RYdaflGn RsTBLAWEES!
efficient pyrolytic cracﬁlng process by utilzing LT nace T eactor tubes
t hat can Ope%g“ﬁéﬁm Qé er capacity than conventional tubes and thereby
facilitate t use of Smal'l er and . cheaper furnaces. It is still further

th bj t of . t.he. t o] i t [.d t f.0.Ci t
oot et 011, O SRL TS AR B RS o b ST
I f eedst ock, t han, ti | ..tub to, d .. i t of
S ot 0 b R W R R AR ot Y60 PRSPl o

that all ki ng. withqut th tl of dilyti
GRS T WE AT R R TG MR T T

process that reduces,6 the need tQ recycle |arge anounts of gas and reduces
CQ C2 enmi ssPighsonverrion apdilongst madengHe or propane at | ow and noderat e
conversions in conventional reactor furnace tubes, 10 a |arge anpunt of
unconverted gas nHduafrheirbiectipapithe grosend inventonsiegiridde & prosesithatallowseycl ed

back to the furnace for cracking.) . :
pyrolytic cracking process to be-conducted at higher reactor furnace tube outer skin

temperatures (up 16 about 2700°F vs. metallic limit of 2100°F), preferably without
increasing the formation of catalytic coke inside the tubes.

It is a further another object of the present invention to provide a more cost
efficient pyrolytic -crackjng process by utilizing furnace reactor tubes that can operate at
higher capacity than conventional tubes and thereby facilitate the use of smaller and
cheéper furnaces.

It is still further another object'of the present invention to provide a more cost
efficient pyrolytic cracking process by utilizing furnace reactor tubes that require less

-feedstock than conventional tubes to produce a given amount of product. -
It is yét énofher object of the present invenﬁ'on to i:-rovide a process that a!_lbw's :
eracking without the more costly use of dilution steam.
It is yet a further object of the present invention to provide a process that reduces
the need to recycle large amounts of gas and reduces CO/CO; emissions. (In crackingr

ethane or propane at low and moderate conversions in conventional reacior furnace tubes,

10



It is yet another object of the present invention to provide an inproved
process for cracking ethane at very high conversions to produce inproved
et hyl ene yields. These and ot her objects are achieved by the present
invention, which relates to a process for cracking a. hydrocarbon
feedstock into ol efinic hydrocarbon products, the process conprising
cracki ng said hydrocarbons in a furnace at a reaction outlet tenperature
of above about 1300F, preferably above about 1450F, nore preferably above

about 1600F, pMNarge b@BEHQAT uhiIGtR fdd HRedSS HEhlepar@Od BoSIhD Pretiubl stfed dd Of
reaction lines wherein at |east.one said reactor furnace tube is conprised

of a tenperat kgcﬁ_aedga%ﬁg%@ﬁhacgm}cmc%gl) containing material. BRIEF
DESCRI PTI ON OF THE DRAWNGS FIG 1 deprcts in schematic form an enbodi nent

of a cracking fur f T
Pl 5, 1A and” 15 dhg 0% e oP et of HEpREAE b ERigH o PRSI P TR s T

confi gurati ong,ge! éﬂl?ﬂe%t &é?ﬁh,g%ggﬁje&%ngﬁo lgﬂa&uo@ﬁrﬁ@%g%d {W@ﬂe haks, FIG 2

depicts in schematd orm a ment o rea rnace t ube useful

in the practice O{mésp%n@ &%F%e&w Uhila 1) G pRsdlf l%\lfékt?% QRAEIRLI6 J oT

anot her enbodi nen urnace t e prac §f the

present invention £ cra%k“Eﬁ H}y SoZarbih ?ee'a&“}} It of%ﬁmc fﬂcﬁ O%Rr%fucgtghs in

cracki ng f ur nBS ceS5roces e present I nvent 1on. ep|
cross-sectional form an enbodi men rnal |y f nne t ube f use in
or ef or rod enbBaFTSHITRGFILE [FagkinE éﬁ? nilegaftonh, 1A é-?eméﬁ 5.5 [ghetoy, St

Cr 0Ss- sectl onal form an enbodi nent ube havi-n :
temperature of above about 1300 F prefterably above about 1%%5% more preferably

above about 1600°F, in a reactor furnace tube assembly comprising a plurality of reaction
lines wherein at least one said reactor fummace tube is comprised of a {emperature-

. resistant, non-nickel containing material.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1 depicts in schematic form an embodiment of a crackiné furnace useful iﬁ
the practice of the present invention.

FIGS. 1A and 1B depict preferred embodiments of reactor furnace tube
configurations useful in the practice of the present invention.

FIG. 2 depicts in schematic form an embodiment of a reactor furnace tube useful

mthepractlce of tr]__l'e:--prﬁcsen_tfinygptién.; = |

| FIG. 3 depicts in schematic form another embodiment of a reacfor furnace tube
useful in the practice of the present invention.

FIG. 4 depicts in schematic form an embodiment of cracking fumace process of

the present invention.:
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for use in preferred enbodi nents of the present invention. FIGS. 6-8 depict
in chart formresults of a paranetric study. DETAILED DESCRI PTI ON OF THE
PRESENT | NVENTI ON The foll owi ng detail ed description of present invention
is presented to illustrate the present invention and is not to be
construed to limt the: scope of the appended clains in any manner

what soever. FIG 1 depicts in schematic forma cracking furnace 2 useful in
the practice of the .present invention. The furnace 2 conprises a preheat
convection secti opIGt Ndepicts @l cRBd-scchbfl ifeh & emibwlimenti dn ineaialgfirhed s
provided with wall burners S and floor burners 10, which are supplied with

fuel via' fuglbeltbBsid fofer:sd@HBdim&dts 61HE pRsent fgerftiohnaces of the present:
invention may conprise only wall burners, only floor burners or

conbi nati ons _thefﬁﬁﬂfssa&gic%fﬁ PbL368Honkl o BP 8RBodMEt Fiatiibe Kairy WA
sufficient radiant heat for effecting the cracking reaction. The hot

combust ed gaygsPROFUERL B dFeUEAGE SreRX foverklBf. radi ant section 6 of the

furnace 2 via a transition ue 12, proceed upwardly through convection

section 4 and exi frd 0. JNRER Torh eblfE o purkileliBigipocess of the present

i nvention, the fee nters the convecti on section” 4 of the furnace .

ggfg“ggnbggt{ggdb;}] &A1 FDESCRIP i ﬁtéﬁlﬁTﬁN@WﬂﬁN(f;ﬁgi Egown
from about 2)Q0 ﬁhai’ogigg%#og: eéa%@gggscap 'sémuckéfg&gﬁgﬁ\f@gﬁﬁ%ﬁfe@eﬁt 10GARMEE QN

section 4 throug ine eheated 1n a second

exchanger 17 to a.tenperature ranging.fr bout : 12 7 . OF.
The preheat eB“"F@Z&P"&H@“&“@H%&?‘é&%&C 8%‘5"8‘%@3 ne]g%wasrc 3 % fgﬁgﬁép%g@)#%aéﬁ er
and re-enter the convgction section 4 into a third exchanger 19 in whi-ch

the two adnfeHater WAHECSYfe heated to a tenperature ranging from about

S00F to about 14%?(351 depicts in schematic form a cracking furnace 2 useful in the practice of the

_present invention. The furnace 2 comprises a preheat convection section 4 and a radiant
section 6, The radiant section 6 is provided with wall t;umers 8 and floor bumners 10,
which are supplied with fuel via fuel lines (not shown). Of course, the furnaces of the
" present invention may comprise only wall bumers, only floor burners or combinations
tl;e.re'of and are present in numbers sufficient to provide sufficient radiant- heat for
effecting the cracking reaction. 'Ihé hot combusted gases produced by the burners exit .
the radiant sc;cﬁon 6 of the furnace 2 via a transition flue 12, proceed upwardly through
convection section 4 and gxit ﬂa__e_ﬁxmace viaaflue14.
In the process of the present invention, the feedstock enters the convection section
4 of the furnace through the feed line 16 and is preheated in a first exchanger (also known
as a convection bank or convection bundle) 18 to a temperature ranging from about 200°F
to about 1000°F. Dilution steam enters the convection section 4 through a separate feed

line 22 and is preheated in a second exchanger 17 to a temperature ranging from about

12



The m xture in a line 20 (comonly referred to as the crossover) is then
directed to the radiant section 6 of the furnace 2. Alternative
arrangenents include, but are not limted to, the total elimnation of
dilution steam in which case the feed goes directly fr om exchanger 18 to
| ine 20 and exchangers 17 and 19, and separate feed |line 22, are not
required; or the feed is not preheated, in which case the feed in |line 16
mxes directly with the preheated dilution steamfromthe exchanger 17 and

h ised of
exehan gf;néﬁvdosg ‘?4 {,ﬂm‘ vl Thll;gg‘fe Hebi 08 RN Shy AlndRed BivkioR Yelth al‘esthgﬁ’ hkdased o

I c materi as are we krnown to those skil edlnthe

art. The f ee&l} Crkal%d tré) ergterethe gnlét}f)};'c cet Hrm%easﬂlﬂa ei&gn Q§%{' hfcﬂ PN can

i ncl ude any hose genera in the art su ut not |mted
to, propane; 0|I opf the
f or egoi ng, %P %£ te EFgﬁqE%“?%i PEHY ur§P§3@¥Eﬁg J%@gégﬁc a@éng } ene
and ot her her ,olefin A f.urnac oF t h
resi st ance trghec’a'ﬁ‘é“rf’é‘? e o (WWSH‘S;%T AR e%{ﬂﬁsgﬁl;‘l/}}aﬁ? |t\?gq %eq
cracking heayy feeds li ..vacuum gas e
preferred i sFfi9Rt $55HG ?/Pﬁ" 1{5 at‘é"élmér@f%e 1%’ ‘éc?kF'% P‘%alﬁmfd

et hyl ene by use of the process Qf the e; i nvent i for
~exanpl e, et h@nthecHin Ehamnsion of db‘é“?‘hﬁtfe&}e ’Gli‘nc???e %gc;erb[ %S%‘Gf‘tpaﬁﬁg of
conventional furnaces to S|gn|f|cantly hi gh f | evel s, ﬁ# 2£ t he order
of from abowchames 1% takaci20 gndexdwpefs 34 angd 49 A Bt §"s‘l 9 %r Faletials.
" The reactor furnace tubes 26 of the present invention are entirely
conpri sed of requirddg lar Hherfeetyisinot praheried, an whishj cepthe feedm @&rmr%tdrrsﬁly
‘resistant, high-tenperature resistant, non-nickel-containing material.

Preferred suwhh Hhetpeelicated diutionctesamfrom thsrexchanges L) spdenchongerdSne piijainatedd

materials. The ceramc materials useful in the process of the present
i nventi on f oFhepressaver A to this point is comprised of conventlonal metallic materials, as are well

known to those skilled in the art.
The feedstocks to the pyrolytic furnaces of the present invention can include any
| of those generally cracked in the art such as, but not limited to, propane, butane, naphtha,
gas oils, or any combinations of any of the foregoing, in order to produce less saturated
products such as ethylene and other higher olefins. A furnace reactor tube which has such
a high resistance to coke formation w_oq]d also be particularly effective for cracking
heavy feeds like, for example, vacuum gas oil. Especially preferred is the pyrolytic
process for selectively crackingszgt_hane to ethylene by use of the process of the pz_*esent
invention by which, for example, ethane conversion can be improved from the 65% to
75% range of comrentir;!ﬁa! frnaces to significanily higher levels, such as on the order of

from about §5% to about 90%.

Joint 24.is between dissimilar materials. The reactor furnace tubes 26 of the

present invention are entirely: comprised of a high strength, oxidation resistant,
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the reactor furnace tubes 26 are any of the known ceram c materials that
can be shaped into.a tubular construction and include, but are not limted
to, silicon-carbide materials such as a direct sintered silicon-carbide
(typically abbreviated DSSi C, DSSC, al pha and beta bond phases). Exanples
of DSSi C tubes include, but are not limted to, tubes sold wunder the trade
name Hexol oy(r) SA by Sai nt-Gobai n Advanced Ceramics (fornerly

Car borundum and tubes sold under the trade name Hal sic-S by W

Hal denwanger

ehnj sche Ker an : Eur : -
furnace tube§™ %@%%g!;;? bltél’glis%gtrﬁs{lTll u‘c%géﬂgﬁ © g? ﬁsﬁ’vé}% Ee]?: ;%E]E‘ﬁotn%tﬁﬁég a@%%b%]és ed
ceram c materials Jngludin by way of . I Lal fromthe
group consi S;P ffﬁaﬁ-’ fsuc% TB%%I’% ?rfﬁgﬁmé%ro f)?xdtgg,(fﬂggeéésc?ﬂ %%BE‘%%%SZ%‘E‘ %lﬁlﬁl)c,on
carbide, silicon ﬁ%tride, aku {.na ijﬂina/siIgﬁgnfca%bide.co%posites and
conposi t es based OFF ST SIptgisgisel e RGETS? °h e PEFRUANYRIRPY, fOr PEPAHDE
materials ma resent thepselves to ose skilled in the art. Se for
exanpl e, JOné?,’lgﬁt?f E’?cee‘f‘gé:ﬂ -6 are gy Pé@‘e %P%‘f’légerﬁg'fce???teﬁg.s t@",t 5%%%68
Tenhover et al., United States Patent No. 5,616, 426; L vakar .et al .. ,.-
Uni ted Stat Pl MN@?S@%@S?&@@?W@%&UEPfsﬂ%ﬁwf}*e%ﬁ?,tsg&%gﬁa@ BAPESHE  No.
5,813,845: Other fanmlies of ceramc nmaterials useful _in the preparing the
react or ur - > web
f ur RSt ise! SRt slive prBide GYPPHDEA OO LR SBE, Eitd 2laha e
site having the URL address of http://ww.,seprobond.ccmtech corner.asp,
wherein an_ekefabprd phasp Bxgaplastof RESIC mbfﬁiﬂf@!@t B arhBOtdimited R, Eheniakd
Types- - Having the Right Tool for &)he Job" fromthe February 2000 issue of
Wor | d Coal Mandezithe tiade mape i Frixelpy” 198 Anio¥dintrGebsit ddvenced Geagmicy (formerly
constructing reactor furnace tubes in accordance with the present
i nvention i sCatbatuniteml ewdwticy sklfownden dheo iadke naing g E-nby t We gldeawanger
materials or ODS materjals. An exenplary QOAS material useful in the
practice of ThemispheeKenainik GndM BoBoi KGaFrdher, tarmetrtoxiugwmce itthse 26iray be
strengthened ferrous alloy sold under
constructed of a wide variety of other SiC-based ceramic materials including, by way of

example, materials taken from the group consisting of alpha silicon carbidé, reaction
bonded silicon carbidé, silicon nitride, alumina, alumina/silicon carbide composites and
composites based -on silicon carbide. In addition, other useful ceramic materials may’
present themselves to those skilled in 1_he art. See, for example, Jones, Diva!-car et al.,
United States Patent No. 5,589,428; Tenhover et al., United States Patent No. 5,616,426;
Divakar et al., United States Patent No. 5,635,430; and Eiermann, United States Patent
- No. 5,;._81_-3_;‘8_45; ‘Other families of ceramic materials useful in the preparing the reactor
-furnace tubes 26 of the present invention can be found at the web site having the URL
address of hitp://werw scprobond.com/tech_corner.asp, wherein an excerpt of IMetzger &t
al., “Understanding Silicon Carbide Types--Having the Right Tool for the Job” from the

February 2000 issue of World Coal Magazine is reprinted.
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the trade name Super Alloy. Incoloy(r) MAO56 by Special Metals Corporation;
a virtually equivalent material is sold under the trade nane PM 2000 by
Pl ansee. However, the reactor furnace tubes 26 nay be constructed of a
wi de variety of other useful ODS materials including, by way of exanple, a
rare earth oxide dispersion strengthened ferrous alloy which contains from
about 17 % to about 26 % of Cr by weight and about 2 %to about 6 % of Al
by weight. In addition, other useful ODS materials nmay suggest thenselves
to those skilled jnqthe aut Lo Z&h&) %ciipgr&ﬁﬁfﬁﬁﬁacgmg kPhdBMance with

# mat U

Non-limting descrolpflons 01 erials use I'n the practice of the
present invention can be.foun I b g;}? i Vool ask i thene
McKar ney, B. Elf‘e Hcﬁ?nqal %FDB% » h%'i %sz 0 5‘&@’%“@9&3 mﬁft %%%PBtasgg%a?%ﬁi/

a1 Eur opeam e AR Td ARG cobelf 0P b By Ae pheiRRAR, 0 <

strength non-ni ckel caontainin terial,s as -th tery al 1.GO i on
for the enti PESSPRIFGYFRUGR 1§ faar 8%?1 g¥idg dipeftign tsﬁ?f’ S e.?)#d %ﬂ'gg{)?lle@ggn@& :ilﬁ@eenti on
enabl es the crackjng process to be rg i gni f.i tly. higher temperatures
than practi cé@“ﬁ?ﬂ?@ﬁﬁ"@ﬁa’gﬁlﬂ !“P-‘giPy e&%@? g“\%ﬁ%?@?é}a%)cg?\%o%? fo&ngl"{%ﬁggki ng
in furnace tubes was generally limted to a tS] t une skin tenperature
of at nost atsguivalontowpterial;ip spifeundgs heitrads Wetoﬁ\él %ﬂgsbé’ﬁtp‘a?sﬁeeﬁ?%‘f% th

t he use of a tube constructed of -the ODS materials, .t he%fou ‘S| de tlu(?@ skin
tenperat ure eeastoncfumiacy abst 26 1eAY: bo sertructed of anvidp orarighy: o efter; pst GBS,
skin tenperatures can be enpl oyed where the tube is constructed of ceranic
material s i n magaby twhdingniby ivishef sremplas aj Apesrthomidg dispersigp freagthensdt o
about 2900F. The tubes of the present invention may have a relati vel¥

smoot h sur f aderousraliohehichentaibefrowebovtdd. % moaboi 2t of Crdy waightand

and 5B, tube 26 has an outer solid : L
% to about 6 % of Al by weight. In addition, other useful ODS materials may suggest

S5A

themselves to those skilled in the art in light of the present description. Non-limitir_ig
descriptions of ODS materials useful in the practice of the presentrinventioz_l can be found
in an article by 1.G. Wﬂght, C.G. McKamey, B.A. Pint‘and P.J. Maziasz of Oak Ridge -
National Laboratory entitled “ODS Alloys for High-Temperature -Applicatipns” and in
‘Yamamoto et al., European Patent Application No. EP 1 018 563 AL .

The use of the high strength non—pickel containing mgterials as the material of
construction for the entire length of the reactor furnace tubes of the present invention
enables the cracking process to be run at significantly higher temperatures than practiced
conventionally. For example, whereas conventional cracking in furnace tubes was
generally limited to a outside tube skin temperature of at most about 2100°F, in the
practice of the present invention, with the use of a tube constructed of the ODS materials,

the outside tube skin temperature can be at least about 2300°F. Even higher outside tube
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portion. 126, 226, respectively, and an annul ar hollow portion 127, 227,
respectively. In FIG 5A tube 26 is provided with a plurality of fins 123
along its inner dianeter, and in FIG 5B, tube 26 is provided with a
single "bunp" 228. The fins 128 or bunp 228 can be provided al ong any
portion of the tube. For exanple, in a "U'-shaped tube, the fins 12S

and/ or bunp 228 can be provided on the inlet leg, the outlet |leg, or the
"U'-shaped. portion, or any conbination thereof. For a straight through

t ube desi gn, skiheerijensuré2@nde entployed 288redhntube ispropstivgted od Icenagia Inatedals i e

| engt h of the tubé, or any portion thereof. The fins, or bunps, can either

be straight’ ggRfdRhdealiti e pReenk @v@htiondi & aductaxs up 10hbaW298076e) or  "rifl ed"
(fins or bunps spiral progressively along the Iength of the tube) or of any

other. ~ desired gpnfbeirahd fasent vehRASmABRHE aGtltiady 5hooth carfaendr wapal
metallic alloys, the use of spiral bunps is sold under the trademark MERT

by Kubota Me ity B, as sh¥m SXEATGS| SA 2hi16BVabe 36 hes AadutdrGolidie URL
address of h k:bgfémgcﬁu{)dg?g?@@j ’pa}sisnf ra/sc- j/ rrgrt/ mert-e.htm. It is

further cont §Br11aﬁ:g§f[1 géi, g&ﬁbﬁ%gt@%e?ﬁ :ah& &n Qi %oR6E $8RIon 12V SIH7, RiEpdclvelpr Qi de

both fins 12 e sanme tube, Such as by providing the

inlet 1 eg oy d\ahaned RS il ilaly GRS Rk K bodeP il BT

In all cases; The”’ purpos bunps, or~ conbi nations thereof,
520t oaLl Y RES i AR oMbt ot epptate
Service tenpBridsh BPBanCPoitt o B 0B Fit Rl £V 0P SHHER Bbe R TR o
PLov o8 2. PSSRt 5 K RERF OB, TSR Tl o Rl o
0. 025 o’ abBuioD. 5 copPER BT Fih wialhi Brom LSt ghga-g B!
bump 22§ can be provided along the entire length of the tube, or any portion thergof. The
fins, or bumps, can either be straight (paraliel to the ]ongitudinél axis of the tube) or
“rifled” (fins or bumps spiral progressi'vely along the lengti} of the tube) or of any other
desired configuration. In tubes manufactured from conventional metallic alloys, the use’
ot; spiral bumps is sold under the trademark MERT by Kubota Metal Corporation. See,
for example, the web site having the URL address of http://www kubota.co.jp/infra/sc-
© J/mert/mert-e.html. It is further contemplated in the practice of the present invention to
provide -bc;t_h fins 128 and a bump 228 on the same tube, such as by providing the inlet
l_ég of a “U-shaped tube vﬁth fins anﬂ the outlet leg with a bump. In all cases, the
purpose of the fins, or bumps, or combinations thereof, is basically to improve heat
transfer and thereby allow the furnace reactor tubes fo operate at even higher capacities

within the constraints of the material from which the furnace tubes are constructed

(maximum service temperature) described above.
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Because the reactor furnace tubes 26 of the present invention are

non-ni ckel containing, alnost no catalytic coke is |laid down on the inside
of the tubes, even at these high tenperatures. Additionally, because there
is significantly no catalytic coke laid down, and the residence tines of
the present invention are significantly shorter than those of the prior
art, unexpectedly the present inventors have found that formation_of
pyrolytic coke is also significantly reduced. The present inventors have

found that manufagturi.ng fHrnace r p HRKS of terd \ ve
hi gh service terrp‘g?t’%i)tr uurlglg’ g’ﬁﬁ%gn u}cgéi{t)lg{' ﬁ}cat alaﬁr?%&sa% cgilc%c%k;s}ltyi {:}’%&(}:}g e
enabl es furnac o be designed that have, het inBb fewner

t ubes, each ?ﬁeﬁgaé‘%&g FJF?‘%@ ‘ﬁﬁgme&?gﬂ%%ﬁbo\%"ietatys&%ro 8e@§ﬁn%t?{ea?]y\rfa§\é§%é®$n a
furnace for which.-the reactor_ tubes are n@ggfactured-fron1cdnventggfal

ni ckel - cont ail #3458, #rsieprereferbly abeue by dEWF afit Al resiI DG BPFO FPBRE SRy i s,
for exanple, 200, 000,000 | b/year of ethylene, the furnace m ght need, for
exanmpl e, 300abai@9? séaatiout 058 simacferallydrone shaye e s g aheutl-29s.125 s. In
contrast thereto, in accordance with the present invention, enplaying tubes
of ODS mateti al', Bedauehthesmawod Smuack, tubesr 26 theapresenh panentign figr pacickedn| v
150 tubes woul d be needed, each tube haring, a residence tine of :0.00 s
and., by virtasaisig} dieostherdamlyticeske isriaid down wp theiasidnof the tubap eveneat these-
selectivity, that could reduce the fresh feed consunption by 9,500,000

| b/ year . Li kiighStempératures. cadditielly)becansathteris sighiftcanths apeatabytigtaeke faid t he
sane capacity furnace, only 65 tubes woul d be needed, each tube having a
resi dence ti gewifand 1 Bsi8diRe SrRHOf thbyregént inventirn arhepsificamtlgshores thdetese t i e,
havi ng. an i nproved selectivity, that could reduce the fresh feed

consunpt i on Byiha pfibf 4rl) @be:ebo@y QDprkdehyiasentorkhéve fdurdahatddsnation efipadiytient
wherein the shape of the reactor furnace tube 26 is a straight one-pass
t ube. Howevepgkelibflsé ggﬁh@ﬁmﬁyggmg@r tube may be of any configuration
The present inventors have found that manufacturing furnace reactor tubes from
materials that have high service temperatures and reduce both catalytic and p);rolytic
coke enables furnaces to be designed that have better yields, and have fewer tubes, each
tube operating at higher capacity. For example, whereas in a furnace for which the reactor
tubés are manufactured from conventional nickel-containing material, aﬁd the furnace
annual production capacity is, for example, 200,000,000 Ib/year of ethylene, the furnace
might need, for example, 300 tubes, each. tube having a residence time of 0.125 s.- In
contrast thereto, in ‘accordance with tbé-present ‘invention, e‘n-aploying tubes of ODS
material, of the same length, for the same capacft}r furnace, only 150 tullwes would be’
needed, each tube having a residence time of Q.08 s and, by virtue of the shorter residence
time, having an improved selectivity, that could reduce the fresh feed consumption by

9,500,000 1b/year. Likewise, for a ceramic tube reactor, of the same length, for the same

capacity' furnace, only 65 tubes would be needed, each tube having a residence time of
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known to those skilled in the art, such as an offset, horizontal or
serpentine configuration. FIG 1A shows a U shaped reactor furnace tube
26' in a radiant section of a furnace 6', and FIG 1B shows an offset or
bent shaped reactor furnace tube 26" in the radiant section 6" of a
furnace. The length of the reactor furnace tube 26 in the depicted shape is
preferably fromabout 20 feet to about 40 feet. However, the |length of the
reaction line nmay vary based on its shape, dianmeter and the furnace

capaci ty. The@ 0563Ghe byl wmkaettht Wiete? fesidayceainsg hbeng am ihptoved/detcativiydiats.
for conpensating for thermal tube, expansion fromthe heating in the

radi ant sect iggiid Mubd e fredhe&EeondRiptvh bytafarthen )00 /@lgyekor conpensat i ng
for thermal expansion may be enployed in the practice of the present '

invention, incl-udifg.,] ficts@teriolind€ whereinBe ste of thpr@icRr finfe tie@s isi n
Wal | ace, United States Patent No. 3,671,198 and offsets as seen in.

Di Ni col ant oniyQy, 6oty ﬁleépasm%.%v@véﬁ @R fERkA Hurnbls rlle A9 1R DP anfbordipufaien

ot her means kno to those skilled'in the art including, but not [imted

to, springs aaollof, (oML ﬁl@ Gft Ssulli¥s P STReDBoti AR SyRebewitd WrhigdtRai t i ng

fromthe present I nvention. The inner dianeter of the reactor furnace tube.

may be eit herpléppﬁ %fgtﬂ;%s Qﬁ-sﬁ%qgact%m?%ﬁg 26H AL GGkl RS fAeREREE S,

react or furnace 6 I's ferabl'y from about 125" to about 5.00" and

t f bl 1. ", 003 | ¥ ' t
angi ng 1 romeabals” I8 gl offer befogfSHindsior Ml WS 267 1 the R €
rangi ng from LAY U Sl &% _.
aye known t GeTRBEE of 4 Bt FRERARHAERedroct ot RubERIUAET, i A Rted Bl "

LR =T NERE L W A S

can range fr&H i nner ameter at the.
reactor exit can rgjr;ge fr.o g about 2.50", with a snpoth

aboyr 1,15" '
transition fre#h¥8R, @W@%?ﬁ?ef?’.%i‘, SRk §iR8 er s and di nensi ons of

(the reaction The reactor furnace tube 26-may also be provided with a means for compensating
for thermal tube expansion from the heating in the radiant section of the furnace. Any of
1h§ kﬁown means for compensa.ting for thermal expaﬂsion may be employed in the
practice of tl;e present invention, including, but not limited to the use of pigtails as seen
in Wailace, United States Patent No, 3,671,198 and offsets as seen in Diﬁicolantonio et
al., United States Patent No. 4,499,055. Qf course, other means known to those skilled in
the art including, but not limited to, sjnrings and/or counterbalances may also be
empi,dyed without departing from the present invention.

The inner diameter of the reactor fumace tube may be either constant or swaged.
The ou.ter diameter of the depicted reactor furnace tube 26 is preferably from about 1,25
to about 5.00” and most preferably from about 1.75” to about 3.007, with the inner
diameter ranging from about’ 0.30” to about 1.00” less than the outer diameter. However,

the diamieters and dimensions of the reaction line may vary in ways known to those
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line may vary in ways known to those skilled in the art. Depending on the
desired length, the reactor furnace tube 26 can be constructed as a single
tube or can conprise two or nore tubes joined together. In the enbodi nent
depicted in FIG 2, the reactor furnace tube 126 is shown as two tubes, a

| owertube 126A and an upper .tube 126B, of approximately equal |ength
joined together at ceramc-to-' <ceramic joint 125. O course, in the other
enbodi ments of the present invention, the |engths of the tubes nmay vary

and o 0L i 88 4148y B BERY DAL B B e Rl G, S

reactor ceil are al'so s e ceram c-to-ceramc

| the art. Ssmegal B sRor ferdoos pine ien Spo0aRF, o BHesor il denit |
5025, 314, RIS G RO B8 ek oo 3o Pl TR S bR 1T
4, 773, 140; KBS B Il e ouish iR the Sapis 268 TR ORGP L TR UR
States Patent. No. 4,780;161; M zu arakﬂg.Lt d States Patent No. 4.783, 229;

Schul t ze et Afe mayaRydy WaySHNOWnio thopg S g *577: Holland et al., United
States Patent No. 5, 152,556; Ward et al., United St a‘t?ezsﬁaPatent No. ,356_, 91

.. \eaver et al Dependiingeen the desered fenglbnthengnctas furnqeerghe 26,0qg be constructed a
CGodzi enba- Mal i szewski, United States Patent No, 4,784,313. 19 |In another
preferred enbotighehbest cameomprEssame arpeigtpbas joingd tegter. ¢ B ther aekodinggitgi ng,
the two or nore tubes that are connected together to formthe reactor -
furnace tubdepirted iTOFIGoR, betrattorifumpet tibe 12Ghisshevan a3 fig tibpsm dywegtube dd@d or
furnace. tube 226 is conprised of a |ower reaction tube 226A having an
i nner di amet end xn apperanbo 1268, of dpprosinetely equah dength joppsd rtogashes tat Gpramidyio- 2268
having an i nner diameter p and an outer . ' )
ceramic joint 128. Of course, in the other embodiments of the present invention, the
lengths of the tubes may vary and do not have to be equal or approximately equal. In
FIG. 2, the radiant reactor ceiling 130 and floor 132 are also shown.
The ceramic-to-'ceramic joint 128 can comprise any of those known to thosé_
having ordinary skill in the art. See, for non-limiting examples of sealing means, Bagley,
United States Patent No: 3,564,328; Lawler et al., United States Patent No. 3,923,314;
Miiler, United States Patent No. 3,836,182; Frey et al., United States Patent No.
4,728,128; Kip et al., United States Patent No. 4,773,149; Kipp, United States Patent No.
4,780,160; Mizuhara, United States Patent No. 4,780,161; Mizuhara, United States Patent
No. 4.783,229; Schultze et al., United States Patent No. 5,133,577; Holland st al., United
. States Patent MNo. 5,152,556; Ward et al,, United States Patent No, 5,256.91¢; Weaver et
al., United Staies Patent No. 5,411,763; and Godziemba-IMaliszewski, United States

Patent No. 4,784,313,
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dianeter . In preferred enbodi ments, the outer dianeter y of |ower
reaction tube 226A . is alnost equal to the inner dianeter p .of upper
reaction tube 226B, such that there is a relatively snug fit when | ower
reaction tube 226A is placed inside upper reaction tube 226B. By using
such a design concept, the geonetry of 226A and 226B are such as to be
particul arly convenient for the nmechanical design of the joint itself and,
at the same tine, peculiarly desirable for the perfornmance of the reactor

tube, in that they 3aer i Ghbofimebiel QU HEnSRILIRA, M okdee b Wrci 2268)

accommodat es the Towe ar weight, lower pressure and higher

temperature gf, e yor gEesSybl Wil dRFLH BhlidiOoFdr 13 forRSitk el AFGRLe

s the radian rnace section 6, the materia

' ti TS eh ot L ¢ ; :  oi nt
5o The-| o niobE g B8 PopGaD fihgiethes ORISRl BPRIG R BacCenciBl Hibetadls ol 1
skilled in the art

lL.n general ,. t | Or LAk crib fekhod r.
connecti ng cEqaRFsEd Oﬁﬁrg’g’e’f Se4FHPY, ‘%ffgﬁ@ h%‘%gﬁﬁ%gs‘ﬁ%?ét%% %H@a?@gfhe
use of netal ,brazing on the cerapic “t,he use.of i.C ients
to conpensat GERger ﬁ’h@?c%.ﬂ “@?bé%f‘%h{??%agl? éﬁ?ﬁ% an gpper gga%e?{l\l& iﬁlgngi(?ﬁgllr eof .
Non-limting exanples of the use of brazin re contal ned in.. l-$£her,
United St at eSiamsteEat I’?\H?feg,e%2@?9@9}?“%’3?}8‘1’1‘%&?”37@y Eﬁop&m qlé')t" le_t@? ﬁﬁa‘fstél‘nt No.
3,772,766; Ebendt "766; Pessell et al., United .St %@es{%’ tenh . 33 %62,-488;
and Bi ndi n, ishneseasl i de impr diamalgs P o vppe rertion (e 420 £4° Aol of
mechani cal joint 20 arrangenents are disclgsed i ngferg%vﬂvi ck et al., United
States Pat entelatoelyFne §t whan lovsrigagtien tei 1264 isplaced msideipPeNG2-Upn Y 203;
Dockus, United States Patent .No. 4,602,731; Napier of al., Uni hed S%eat es
Patent No. 4235 BySsingBueckdesigatconrept, luhgeopgtrsphtidd ad42oRar\gich 4 K1bP 934;
Metcalfe et-al., United States Patent No. 4,642, 864; vaon Koch, United
St at es Pat enparhiclarly, 2 genis for Thammechanical designpf the dpinditseld anat tigsamp time,
4,719,075; Ito . .
peculiarly desirable for the performance of the reactor tube, in that the larger diameter of
the outlet section of the tube (226B) accommodates the lower molecular weight, lower
pressure and higher temperature of the process fluid.

Returning to FIG. 1, as the reactor furnace tube 26 exits the radiant furnace
sect‘ion 6, the material of construction is changed again to a conventional metallic
material at joint 29. The joint connections 24 and 29 can be of any type known to those
skilled in the art. In general, the prior art describes two methods for connecting ceramic
parts to metal parts. These types of methods are the use of metal brazing on the ceramic,
and the use of mechanical expedients to compensate for thermal expansion differences, or -
combinations thereof. Non-limiting examples of the use of brazing are contained in
Hoelscher, United States Patent No. 3,620,799; Ebendt et al.; United States Patent Ne.

3.772,766; Ebendt “766; Pessell et al., United Staies Fatent No. 3,362,488; and Rindin,

United States Patent No. 4,167,351. Non-limiting examples of mechanical joint
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et al., United States Patent No. 4,723,862; Boecker et al., United States
Patent No. 4,871,108; Hunt et al., United States Patent No. 5,013,612;
Lasecki et al., United States Patent No. 5,042,847; M zuhara, United
States Patent No. 5,120,374; Li, United States Patent No. 5,161, 728; Li,
United States Patent No. 5,248,079; Mzuhara, United States. Patent No.
5,364, 010; Churchill et al., United States Patent No. 5,407,119; and
Schultz et aI , United States Patent No. 5,163,416. In the enbodi nent of

the invention %&ha&hﬁs&&@&t%e&%@e% o), BRit6P skites PREM R r7RelaF4.0M

oDbS al | oy, an ceramc, the nt's 24 and 29 can use al nbst” any

convent  onal r%cjho% ke AR Adtene 32 SR IDAKI O] 00! PARK(IIGY

t echni ques ¥ né prior dr & ‘desi 'oy to ODS

f"o!f o Lhar fb@’ﬂ?ﬁgﬂ%{er’e TR R Efﬁeég’gfe %%éf%éﬁaﬁ%cw%f %%W& Sy 1
U X
| SCE{ t ;BST ?cﬁafegﬂ%”ﬁré&%%ﬁ%@af%%q fﬂﬁfffg@%ﬁ%ﬁi b it Aetehs ke
2
(hea "o ot SRS BB b RO SR A,
24 29 h
Sonvent i onal Skakalpited @i’%t%i?%t?%”nm"éﬁ %ﬂ%‘%i% & ehafs Vofih SRS paif s
T e ekl T ket ER st o
29 connects furnace reactor tube 26 to |line 28 S@ r fe rred to as
t he transfer BetemeNo. T062,84% Adizakarg, United Statgshatams -@Hgoﬁé‘&&“r Uniteqy Ststrsct
gases to . quenching neans 30, in which the aforesaid reaction Eléoduct gases

are rapidl y Retsot Ng. ﬁ,éﬁhnseripeUalﬁQsir%atb%P%thaTﬁblfP@éﬁ@F]"{l@mﬁfae ied Pidteher

reaction.- Oten quenching to nuch | ower tenperatures is practiced for the
pur pose of adeErpNe.shiE10; Churc]ull et al., United States Patent No. 5,407,119; and Schultz et

al., I_Jmted States Patent No. 5,163,416.

In the embodiment of the invention in which ihe reactor furnace tube 26 is
manufactured from ODS alloy, rather than ceramic, the jcints 24 and 29 can use almost
any conventional.joining technology, specifically a wide range of welding techniques
may be used. In the prior art the design of ODS alloy to ODS alloy joints most ofien’has
been addressed, for which the strength of the joint shall be the same as, or similar to the
ODS alloy tube. Unfortunately, the main problem with designing such a joint is that the
local applicéti'on of heat that usually is associated. with such joining technologies
damages the grain structure of the ODS alloy tube in the HAZ (heat affecied zone) and
causes local weakness, In the case of dissimilar joints 24 and 29, the joint is not required
to be any stronger than the conventional metallic alloy from which the line that connects
to the furnace reactor tube is joined (e.g., crossover 20). Such a design criterion is

relatively easy to meet.
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maxi mum energy efficiency. Quenching" neans 30 can conprise any of the

wel | -known. constructions known to those skilled in the art. See, for
exanpl e, Whebcke et al., United States Patent No. 5,427,655, Webcke,
United States Patent No. 3,403,722; Webcke, United States Patent No.
3,910, 347; Webcke, United States Patent No. 4,356,151, and Webcke,
United States Patent No. 5,271,827. After quenching, the cracked products
are sent -for downstream. processing via line 32. Again .referring to-FIG 1,
dilution steam \Ag@irereldrify &2FRRL1,Goiat by comeciefuanide dedcor thlec2d eeliné A8k
hydr ocarbons in accordance with. the present invention,, and as-described in

detai | aboveifindPYétse0RNA fb MnéfanNGHI)ITHY RMsi ditle Z0Haristerathetieadiiono
Dilution steam. is added in prior art systenms to |ower the partial pressure

of the hydr OEJ%dﬁgpgasésotoidﬁgﬂcﬁﬁ%%eén@QO,QBtvﬁiié]ﬁihle eforesl diactMpibduct gees ski Ng
in coke renmoval fromthe reactor furnace tubes. Unexpectedly, .in designing

the present ?ﬁ@?%ofe@ % Qrttﬁﬁgé?ﬁtuf-erlye?dﬁ absut NOUPF 18 Yaehehnh Birthief rdaStion) Gften

necessary to steamto process. By conducting the reaction in the

absence of  $h8RMneSRURHA' 1oblP KlrihhurBe Rt iied 6 GRMpitficke dTHIBMplishing

i ncreased t hroughput an elimn he need to renove the water from

th ti oduct Pt : t ¥ 8-

present i nvertP R sl PRRRAFG G aRE, melaR SR pARs By SRR 08,

Crvention: ¢ FE preddignot o P aRRE in Bp 8k b RRRARTR ke oL 3F, HiReN!

t t fot i ect f f :

Lenper at ur o ST HEE - SaRZEaF: 13RpRecfed HRATFRnl G, 8965 24 Vi dtek, e
diant. b .S dto b j i th : j A ch

g N L R R G AL

is sensibly greater

to the react oVogbgks, é{gtggqa gtﬁt@g %@t%)l]ﬁﬁodgg!sll kSWﬁhg} tijuregchril?gq Ltll'u:—,r tg-gck%) pISOHH&‘g ¥rgheat
sent for downstream processing via line 32. ’
Again referring to FIG. 1, dilution steam, via a line 22 optionaily can be added to
the feedstock hydrocarbons in accordance with the preseﬂt invention, and as described in
detail above, in amounts generally ranging from about 20% to about 50%. Dilutibn steam
is added in prior art systems to Jower the partial pressure of the hydrocarﬁéns to increase
the obtainable yields, and for assiming in coke removal from the reactor furnace tubes. -
Unexpectedly, in designing the present system, the present inventors have found that it is
not necessary to add steam to the process. By conducting the r_é.actiqn m the gb_s,gpgeof .
steam, several important benéﬁt;'s aré derived, namely, increased ttnbughput and
elimination of the need to remove the water from the reaction productz. These additional
unexpected benefits make the present invention significantly. more atiractive from both

economic and processing standpoints.
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t he subject of this invention. Accordingly, referring to FIG 4, the
present inventors have devel oped a novel and unobvi ous system for
addressing these issues. In FIG 4, all simlar reference characters
correspond to the reference characters in FIG 1, except that in FIG 4,
the reference characters are in the 300 series. The flue gas exiting the
furnace in line 314 has a tenperature ranging from about 500F to about
1200F. Since it is well known and conmonly practiced in the art that flue.
gas tenperatures ?@%&tﬂﬂ:ﬁé}gﬁerf EEBdiAAR e tPResdn® iftRtfon) RleQirEseft GERGS! NT
to atnosphere, it 1s convenient to use the $Sensible heat of the flue gas
to pre-heat t ' Nk R doBStih® tdllRrRHEDE fhe rddlhnt seffoR W Ghe RbpaAd
cool ing can 6129%26#%83@&39? %ﬂge?]edpg;%mt%ge s{ages. fhﬁ t he e'se ggi rrent(mg}[l FI G
4, two stage | . | ue. ] i j L ed i

S GuSIRE HHE s 1S BbSarulel ct et e fefotbd QDo Hhiricinfl) biBfidr ol ot

i ndi rect heat “exchangéer rectly contacte

previously pr,egheat.ed in _indir he C o) Myl Fi nal
cool i ng of fle T ﬂiﬁ&f b‘%}'ﬂ?rf n‘ﬁf"fgétb?h5§éph%éx‘2@gﬂ%ée}}e§géGJl%cépﬁ}?esa{efi iﬁn) ?ﬁ | Pect
heat exchanger 364, ich transfers heat indirectly hetween |incomng air
"0l ne. 355 P i Qe e ae GEmRE of it fadign FOEE o060 Beer
preheated air, from_indirect heat exchanger 364 is.directed via,line 360 to
i ndirect heat® ‘gﬁgﬁﬁﬁ@fetfsm Bt“(eefﬁq‘ﬂﬁgé? gﬂ@&’ g%‘&if’e‘}l? fef%“’tﬁﬂaéa%}‘ﬂcaﬁ‘abaf& is
di scharged to atnpsphere . via_ line or dyct-366. The duty split between
exchangers 336 SRipceisbisdnveplige reardingy, r fﬁ’%‘“ﬁé‘?ﬂ%&'é‘t ﬂ%@r‘%?”tt’ﬂvéﬂq’ﬁ A¥gas in
line or duct 362 is appropriate_ for NOx remgval by Sel ecti ve1 %t al4yt'ic
Reduct i on ( SAryeleped 2ppvel apd apebvionsesysiemnios addresying (heseyispyese 1agg0- 4, all
preferably at a tenperature ranging from about 400 F to, about 1100 F, is

t hen direct edirpilar efarepen ehanwirsiegrresnoad o thewglierenes ehagacters @80 harSepiithdfor

burners 310 via lines 372, 374 and 376. It should be noted that FIGS. | and
4 are pur el y in EHérhttherefaxnce chasadtrk aredp the 10 series. The flue gas exiting the furnace

in line 314 has a temperature ranging from about 5Q0°F to about 1200°F. Since it is well
known and commonly practiced in the art that flue gas temperatures should i‘ange from
about 200°F to 400°F before discharging to atmosphere, it is convenient to use the
Sensible heat of the flue gas to pre-heat the air being supplied to the i:umers. This
p:l'eheating and cooling can be conducted in one or more stages. In the emboaiment of
FIG. 4, two stages are employed. Thﬁs, flue gas in line 314 is directed to indirect heat -
exchanger 356 where it is indirectly contacted with air previously preheated in indirect
heat exchanger 364 from a line 360. Final cooling of flue gas from indirect heat -
exchanger 356 ocowrs in indirect heat exchanger 364, which transfers heat 3i:ndi1jer:tlj,.,r
between incoming air in line 358 and partially cooled flue gas in line 362. The partially
preheated air from indirect heat exchanger 364 is directed via line 360 to indirect heat

exchanger 356 (as described above).
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systens, forced draft fans, induced draft fans, utility convection bundl es
within the convection section 304 (for, by way of exanple, preheating
boil er feed water and superheating very high pressure steam) and so on,

wi |l be understood by one skilled in the art as necessary and the fact
that they are not explicitly described herein does not inply that they are
not included in the detail ed enbodi nent of the invention. The inventors
conducted a paranetric study using one preferred enbodi-nment of the present
invention. The siQsdied ShipRas isSdikdhargded @x pRadsphbre oladingsiraiuct 366 Thhelugdsplint ages
of tubes manufactured fromnew materials that can operate at high

tenper at ur es putwlebP tcharzrsB56 AR 364 BLdhosdnbolthet ticub@periai sfghaflaagadn lise t hat
is perhaps 2.8 times greater than that of conventional tubes regardl ess of

tube di anet epr (RS 63 GISPhreRe Y I femobiicoyCTunetius Camlytit akiuétha @dreE ages
of ODS tubes may result 'in the tubes having a capacity that is perhaps 1.6

times greatepehdatsNehe Blfeh&@él’f’ﬁptlﬁ gk 3k bﬁ@fe{aﬁgae&%' Rfperdfurd HRBIng ifMRL € .

The paranetric study was based on-a typical Mddl'e Eastern m d-range
naphtha bei g, g uaeker) BbuMBEY RLS iRAVEebEd 1l RafRd ?ﬂ?fo‘??@dh@ﬂ‘?&lf!ﬁﬁh& of
0.50 wt/wt), at a typgka b teaniﬁy rocgrbon ratio of 0.50 wt/w, andsat a

Lypi cal ODer g4 A Al RSSHIFor0S 1Ak ki oC874 M G9EUT € Of "26.7 psia (12,0

prig), using ong reaction tubes of varying diameters. 24 The

parametric study ﬂ%ﬁ@:@g@%&e& t%bg.cg Rl 4G Yt ekl BORIE e é&@%ﬂate

and tenperature on capaci 'e | e raM/ omthe

study. FlGs. S)?sr_lemdsfg‘grcet{)(arahh p emﬁgcf'e'ﬂl ?r%’l'ﬂnf% {Yn Qatlolrznl ﬁlndﬁzsd@ﬂlﬁttﬁ t he

di nensi onl es car B&d"Fa as’'a maxi mumtu

2 functi Eﬁeo%Fvs%twn et 3y Mie eaangﬁf é?ﬂ%ﬁ?gétbé‘“gf g, W e

di ameter increase are ncreases and fl ux degr.eas ce te erat ure
decreases. WURE eiatidg ve g‘gh pressure steam) and s6 on, Will bé un el’StOOS ri)y one SkMEd T

the art as necessary and the fact that they are not explicitly described herein does not
impfy that they are not included in the detailed embodiment of the invention.

The inventors conducted a parametric study using one preferred embodiment of
the present invention. The study supporis the unexpected conclusion that the advantages:
of tubes manufactured from new materials that can operate at high temperaturés without
coke, may result in the tubes having a capacity that is perhaps 2.8 times greater than that
of conventional tubes regardless of tube diameter. The study also supports the conclusion
ih_at.the ad#antages of ODS. tui)es may result in the tubes having a capacity that is perhaps
}._6 times greater than that of convéntional.tubes regardless of tube di‘ametér.

The parametric study was based on a typical Middle Eastern mid-range naphtha
being cracked at moderate severity (propylene/ethylene ratio of 0.50 wtfwi), at a typical
steam/hydrocarbon ratio of 0.50 wi/wi, and at a typical operating pressure or coil outlet

pressure of 26.7 psia (12.0 psig), using 30-foot long reaction tubes of varying diameters.
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al nost offset by the relationship that as dianeter increases, the inside

filmcoefficient decreases and hence the tenperature increases). FIG 7

depicts a relative once through ethylene yield (% -as a function of

di mensi onl ess hydrocarbon feed rate for tubes of five different inner

di ameters ranging from1.00 inches to 2.00 inches. FIG 7 reflects that

product yield for a tube of any given inner dianmeter generally increases
with the hydrocarbon feed rate. FIG 7 also reflects that a tube of any

gi ven di amet Sind Sgsr?;%a%ncre ag%etw mﬁhwa&fgpbf %ﬂé a%n%eé; Ve gha does

not |ncrease es In e feed rate: OI’ exa t he optinum

1725 Cube i SCBBEHRRoLNPY Earitiehtoble | Sy AR ARG A3 Ll 2

further refleﬁmﬁ t hat .t he .greater the inner dianmeter of the tube t he
greater is thirtpaegesults inehad fopmy ¢ o obt ain opt| mum product yield fromthe

tube. FIG 6 depi he rel £ once S
function of maxi %ﬁliﬂ % 1?’%%%;5’8{68?’8“ £ 1%5‘% 8‘3'2%6 ofa%? X@g gi fj?%?taoﬁ't &I‘ nner
di aneters ranging from 1.00 inc 0 e .'Alihou h FI 6
represents t hWB¥RYMH fube é%”%?‘?‘ﬂ‘??c@% TFECF % g@ﬁ?ﬁe‘ﬁ&tﬁ? B’axir’ﬁ“’? per%ﬁﬁéﬁée[ ure
shoul d be regarded as a, dependent vari abl e, e truqﬁﬁéS i nd gFﬂf
vari abl e is' c&#pacs eﬁWIWééée%e@ isginest 1“‘1‘38?“ gatcf Ty a‘B?tﬁ ﬂ@?tér is
an optinmumpoint for. the select|V|t¥ (highest yield). At te res.
bel ow t he optinprgeses:t #fea inG@eases apd fuy est?a#eéwh%n’fa teMpRIatIERs AEFEcHses: t"r F%
too. long. At tenperatures above the optimum the feed rate is to 9
and the pressalmestcrifpt by theorslniogship fatas diamgier prereasgsetheciagide filcog c’én
greater the inner dianeter of the tube, the greater the tenperature
required to ofecesasesepd hmﬁﬂ}ﬁrtwp@amsﬁlleqreﬁsﬁaom t he tube and, hence, the
~greater the feed rate (or capacity). Thus, by operating mnth t ubes of the
present inventionFlGh& depidtsnanrelative once through ethylene yield (%)-as & function of

dimensionless hydrocarbon feed rate for tubes of five different inner diameters ranging

from 1.00 inches to 2.00 inches. FIG. 7 reflects that product yield for a thbe of any given

inner diameter generally increases with the hydrocarbon feed rate. FIG. 7 also fe_hﬂects

that a tube of any given diameter has associated with it an optimum point at which yield

does not increase despite increases in the feed rate. For example, the optiinmn feed rate

for a 1.0” diameter coil is about 4 (dimensionless) units; for a 1.25” tube is about 5 units,

for a 1.50” tube is about 9 units. FIG. 7 further reflects that the greater the inner diameter

‘of the tube, the: greater is the feed rate required to obtain optimum product yield from the

tube.

FIG. 6 depicts the relative once through ethylene yield (34) as a function of
maximum tube temperature (°F) for tubes of five different inner diameters ranging from

1.00 inches to 2.00 inches. Although FIG. 6 represents the results as a function of

" temperature, in fact, temperature should be regarded as a dependent variable. The true
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yi el ds can be attained by operating at the higher tube tenperatures.
Conparing FIG 7 with FIG 8, it can be seen that with current conventi onal
Cr/Ni. alloy tubes, the ideal tube capacity is about 5 units, regardl ess
of dianmeter (in actual practice, this is not true because the Ni in the
all oy catal yzes the coke formation, so that either anti-coking technol ogy
needs to be -practiced or the nmaxi mumtube tenperature needs to be reduced

to 1900F and capacity to about 3 units). Utilizing the tubes of the
2300F

present inventipn; however, .havin rial . Jimts of t,0 ago
(for s mat deRmastcrate if Sndft bt Fbetu it Bon MBs Brite e i 2
tubes), both of .which, substantially. elimnate coke, increases capaci}ty of
the col | to 6ORMPYE TRt Tesghe stieuvib(highest sl Al typeeramsa Bripy iy ontigm, the
conventional alloy tube) and to 14 ypits for, ceram cs, (or four o five
times great er It Hetor JAvetndi @F\é?s’%ﬂ“F%?mFdBé?‘?-?‘lﬂgt KU PEIRTUres #8?’%&]‘? hat
there are several other npre conpl ex design considerations, Il,‘jSi ng.a, basic
e:-anpl e, andoRéRPar thegleed ramiFciRe inaRndahRprespyre drapisdoo g‘é\é’ed . "
tube at a 1900F t.enBer ature versus a 1.75" ceramc. tube at a 2700F
tenperature; taflectsdnatnibe gretier G isrer dimngterept dic Wheythengredferathg tgmgerature
times higher capacity. 26 TABLE | Relative Maxi num Tube Relative |.Q
Napht ha Feed Tanped tot ehtein Rplimminpeodgtividd fres thedwheeatl hencey tha erratsy thedee) |
% 1.00 - 1.0 1668 3 55 3.200. 1.00.2.0 1819 6.74 1.260 1.00 3.0 1928 7.76
0.680 rate (or capacity). Thus, by operating with tubes of the present invention, the optimum
yields can be attained by operating at the higher tube teniperatures,
Comparing FIG. 7 with FIG. 8, it can be seen that with current cor.wcntional Cr/Ni
alloy tubes, the ideal tube capacity is about 5 units, regardless of diameter (in actual
_practice, this is not true because the Ni in the alloy catalyzes the coke formation, so that
either anti-coking technology needs to be-practiced or the maximum tube {emperature
needs to be reduced to 1900°F and capacity to about 3 units). Utilizing the tubes of the
present invention; however, having material limits of up to about 2300°F (for ODS
materials) or up to about 2900°F (for silicon carbide ceramic tubes), both of which
substantially eliminate coke, increases capacity of the coil to 6 units for ODS materials
(double the capacity of the conventional alloy tube) and to 14 units for ceramics (or four
to five times greater than the conventional alloy tube).
Although it is noted that there are several other more complex design
considerations, using a basic e:ample, and comparing a conventional Ci/Mi alloy tube
based on a 1.00” tube at a 1900°F temperature versus a 1.75” ceramic tube at a 2700°F

ternperature; the ceramic tube gives 2.5% better ethylene yield and 4.0 times higher

capacity.
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1.00 4.0 2022 7.97 0.400 1.00 5.0 2107 7.76 0.260 1.00 7.0 2261 6.74
0.120 1.25 1.0 1662 1.69 5.000 1.25 2.0 1823 5.83 . 2.080 1.25 3.0 1941
7.59 1.140 1.25 4.0 2040 8.47 0.700 1.25 5.0 2127 8.92 0.440 1.25 6.0
2207 9.13 0.280 1.25 7.0 2280 9.03 0.200 1.25 9.0 2419 8.64 0.080 1.25
111.0 2548 7.94 0.000 1.50 1.0 1689 0.00 7.240 1.50 2.0 1818 4.39 3.160
1.50 3.0 1941 6.50 1.820 1.50 4.0 2039 7.62 1.180 1.50 5.0 2130 8.54
0.800 1.50 7:0 2268 9.41 0.380 1.50 9.0 2426 9.73 0.059 1.50 11.0 2554
9.55 0.053 1.50 13.4 2698 9.31 0.049 1.50 15.0 2790 8.82 0.047 1.75 3.0
1988 5.23 2.680 .1.75 5.0 2196 7.66 1.280

TABLE X
' Relative Maximum Tube Relative
1D, | Naphtha Feed | Temperature Relative C;H, | Residence Time .
{Inches) ~ ] (DegF) . % . —
1.00 R ’ 1668 - 355/ 3.200
1.00 2.0 1819 . 6.74 ' 1.280.
1.00 3.0 1928 | 7.76 - . 0.680
1.0¢ 4.0 2022 . 7.97 0.400°
1.00 ' 5.0 . 2107 7.76 : 0.260
1.00 701. 2261 6.74 0.120
1.25 . 1.0 1662 - 1691 - 5.000 ] -
1.25 2.0 . 1823 5.83 - 2.080
1.25 - 3.0 1041 1 7.59 1.140
" 1.25 - 4.0 2040 847 0.700
1.26 5.0 2127 8.92 0.440
1.25 6.0]- 2207 213 0.280
128 . 7.0 2280 203 ] 0.200
1.25 9.0 ' 2419 8.64 ' 0.080
1.25 11.6 2548 7.94 0.000
1.50 1.0 1689 0.00 7.240
1.50 2.0 1818 4.39 : 3.160
1.50 30 - 1041 6.50 1.820
1.50° 4.0 2039 7.62 1.180
1.50 50/ 2130 8.54 0.800
1.50 7.0 2268 8.41 0.380
1.50 9.0 2426 9.73 0.059
1.50 11.0 2554 9.55 ) 0.053
1.50 13.4 2698 9.31 : 0.049
1.50 15.0 2790 8.82 0.047
1.75 3.0 1988 5,23 2.680
175 5.0 2196 7.66 1.280
1.75 7.0 2362 8.89 0.700
1.75 ). 9.0 ‘ . 25995 869 ) 0.380.
1.75 11.9 2699 10.15 0:140
1.75 13.0 2769 10.12 0.080
1.75 15.0 2888 10,19 0.050
2.00 3.0 1997 3.03 3680¢%
2.00 8.0 - 2241 6.71 i.860
2,00 7.0 2384 g.i8 1.080
2.00 2.0 2835 o3 Q.660
2.00 i3 2698 987 0.380
2.00 13.0 2792 10,19 0.240
2.00 15.0 2097 10.43 0.056
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1.75 7.0 2362 8.89 0.700 1.75 .. 9.0 2509. 9.69.. 0.380 1.75 11.9 2699
10.15 0.140 1.75 13.0 2769 10.19 0.080 1.75 15.0 2888 10.19 0.050 2.00
3.0 1997 3.93 3.680 2.00 5.0 2211 6.71 1.860 2.00 7.0 2384 8.18 1.080
2.00 9.0 2535 9.13 0.660 2.00 11.3 2698 9.87 0.360 2.00 '13.0 2799 10.19
0.240 2.00 '15.0 2917 10.43 0.056 27 Although the present invention has
been described in certain preferred enbodinents, all variations obvious to
one skilled in the art are intended to fall within the spirit and scope of
“the invention, inc lﬁ%@?tweprg&gpnﬁg 15h 2hiB bell | dediiti e M SR g@}g{ nced
patents, patent applications and publications are hereby, incorporated by
reference in theifl entirety. 28 Al - Ly . 1St the
hydr ocar bon %2 éﬁ%%ﬁ%s’f“ﬁ&’—%%li?’é%‘%”%"é’sE@H%%%‘%@%g{]‘ﬂg%?%‘éd@%‘%@d?g?g p,pﬁ?:egs-
conprising: cracking said drocar bons, i,n a.furnace; at: a t f
above about ‘ii.J‘o“E)tO"’f—"‘rJI ?cﬂpeaoﬁ)%df“ﬁﬁ?ign’g?’g@mnﬁgh? GPI?@@% g%lrlr%r'i 2‘.@15{: g]te:ﬁb(é‘r](gl ity

of reactor furnpace tubes; . N .
: re erenceé patents, patent applications and publication$ are hereby, mcprporated by

reference in theix entirety.



wherein at | east one said reactor furnace tube is conprised of a
tenperature-resistant, non-nickel-containing material. 2. A process as
defined in. aim1l wherein said reactor furnace tube is constructed of a
ceramic material. 3. A process as defined in Claim2 wherein said ceramc
material is selected fromthe group consisting of al pha silicon carbide,
reaction bonded silicon carbide, silicon nitride, alumna, alumna/silicon
car bi de conposites and conposites based on silicon carbide. 4. A process
as defined in daim3 wherein said ceramc material conprises a direct
sintered silicon carbide. 5. A pr_ocessmg ned in Claiml- wherein said
reactor .furnace tube conprises oxide dr ion strengthened ferrous-
alloy. 6. A process as defined in Claimb5 wherein said oxide dispersion
strengt hened ferrous alloy. conprises a rare earth oxi de djspersion

st rengt hened 'i-err&lsp.mceéﬁ’r I8y %ﬂ"c&’ﬂ";&o‘ﬁ’@%ﬂcf’éc"i‘ 8 s%gdmol?} hygrgearbans oy
of Cr by weight and about 2 %tq_  about 6 %of A by weight. 29-7.- A
process as dePPRists sad BOSESECAmMPIEREi n sai d reactor furnace tube conprises
a straight configuration. 8. A process as defined in Claim1 wherein said
reactor furnace t fRskingsaigrhvdeasarbenyindBunace At 2 ipmpsratusn of abova abpwid98 Fas
defined in aiml wherein said reactor furnace tube' conprises a. -

serpenti ne coWfainyiysis eackinedumacpeampeising aphudity abigastor fomareiubesyher ei n said
reactor furnace tube as an - . o
wherein at least one said reactor furnace tube is comprised of a temperature-resistant,
non-nickel-containing mate;rial. |
2. A process as d;ﬁned in Claim 1 Wherein said reactor fuma:ce tu:be'is
constructed of a ceramic material.

3. A process as defined in Claim 2 wherein said ceramic material is sélé;:ted_'
from the group consisting of alpha silicon carbide, reaction bonded silicon carbide,
silicon nitride, alumina, alumina/silicon cm;bide composites and composites based on
silicon carbide.

4. A process as defined in Claim 3 wherein said cgramic material comprises
a direct sintered silicon carbide.

5. A process as defined in Claim 1 wherein said reactor furnace tube

.comﬁﬁse_s oxide dispersion strengthiened ferrous alloy.

6. A process as defined in Claim 5 wherein said oxide dispersion

strengthened ferrous alloy comprises a rare earth oxide dispersion strengthened ferrous

alloy which contains from about 17 % to about 26 % of Cr by weight and about 2 % to

about 6 % of Al by weight.
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essentially constant dianmeter. 11. A process as defined in Caim1l wherein
said reactor furnace tube has a swaged dianeter. 12. A process as defined
in Cdaiml wherein said reactor furnace tube is conprised of two tubes, a
| ower tube and an upper tube, joined together. 13. A process as defined in
Claim 12 wherein said | ower tube has a smaller dianeter than said upper
tube. 14. A process as defined in CQaim1l1 further conprising addi ng
dilution steam to said hydrocarbon feedstock. 15. A process as defined in
Claim1 wherein said reaction tenperature is above about 1600F. 16. A
process as defined?in @arwsxsas dinclaig Hwhergiasad reagion fueaceiyhe i s
constructed of. a materi al rising a ceranmic. 17. A process as defined in
d aim 15 vxhereiimp@amstfmhﬁa gumtipmat ed by radi ant burners that are fed
with preheated air. 30 18. A process as defined in Claim 15 wherein said
preheated air is obtai nkprosgss apdafingdin Glgllaiirwhmetrtﬁaulrﬁmtmfgm@ca@bu ng from
said furnace. 19. A process -as defined in aim1 further conprising
preheating s atahpiisgslanaebmnfifweiist ock with flue gas in a convection zone
of said furnace. 20. A process as defined in Claim1l wherein said reaction
tube is provided. %ith A preesas defimadrin CI2in 1 AvhprepbrsaBiseqrsordediacecdbe N Caiml
wher ei n sai d hydrocarbon feedstock conpri ses ethane, propane, butane,
napht ha, gas mlﬁprﬁésa/mpanﬁn@aﬁxﬁgmrbuon ‘

10, A prdcess as deﬁned in Claim 1 wherein said reactor furnace tube as_.an
essentially constant diameter. | |
" 11. A process as defined in Claim 1 wherein said reactor furnace tube has a
swaged diameter.
| 12. A process as defined in Claim 1 wherein said reactor fumnace tube is _
comprised of two tubes, a lower tube and an upper tube, joined together.
13. A process as defined in Claim 12 wherein said lower tube has a smaller
diameter than said upper tube.
14. A process as defined in Claim 1 further comprising adding dilution steam
to said hydrocarbon feedstock.
15. A process as defined in Claim 1 wherein said reaction temperature is
- above about-1600°F. |
16. A process as defined in Claim 15 wherein said reactor furpace tube is
constructed of a material comprising a ceramic.
17. A process as defined in Claim 15 wherein said furnace is heated by radiant

bumners that are fed with preheated air.
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22. A process as defined n Caim21 wherein said process selectively cracks
vacuum gas oil, a heavy feedstock or m xtures thereof. 23. A process as
defined in Caim2l1 wherein said process selectively cracks a feedstock
conprising ethane to ethylene. 24. A process as defined in Caim 23 wherein
:s)jti d process operates at a conversion ranging from about 85%to about 90%

_ 18. A process as defined in Claim 15 whereh_l‘ said preheated ajr is obtained by |

preheatjng air with a flue gas issuing from said fumace.

19. A process as defined in Claim 1 further comprising preheating said‘
hydrocarbon feedstock with flue gas ina con\;ecﬁon zone of said furnace.

20. - A process as deﬁned in Claim 1 w‘l.wreiﬁ said reaction tube is provided
with fins or a bump. |

21. A processas deﬁnf;d in Claim 1 wherein said hydrocarbon feedstock
comprises ethane, propane, butane, naphtha, gas oil or vacuum gas oil.

22. . Aprocess as defined n Claim 21 wherein said process selectively cracks
vacuum gas oil, a heavy feedstock or mixtures thereof,

23. A process as defined in Claim 21 wherein said process selectively cracks a
feedstock comprising ethane .to ethylene.

24, A proces; as defined in Claim 23 wliefciﬂ said process operates at a

~ conversion ranging from about 85% to about 90%
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