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best ni ckel -based al |l oys, however, still have maxi num
service tenperatures of only around 2100F. The
exposure of conventional reactor furnace tubes to

addi tional high tenperatures will exacerbate the
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Attenpts to reduce coking by varying the materials
used for reactor furnace tubes are found in.the prior
art. For exanple, the prior art describes the use of
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teach or suggest in any way that ODS all oys reduce the
formati on of coke. Neither does the paper teach or

suggest in any way that the two characteristics of

rare earth oxide particle dispersion iron alloy--being

ni ckel -free and havi ng a hi gh maxi num servi ce

t enper ature--can be used tosproduce a furnace reactor

tube in which hydrocarbons can be processed and

cracked at higher capacity, shorter residence tineg,

hi gher selectivity and, under some circunstances,

hi gher conversion than possible heretofore.
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It is an object of the present invention to provide a
process for cracking hydrocarbons to produce ol efinic
gases utilizing reactor furnace tubes that can reduce
and/ or substantially elimnate the catal ytic coking
that occurs with the use of conventional tubes and, at
the sane, tine operate at significantly higher
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These and ot her objects are achi eved by the present

i nVention, which relates to a process for cracking a

hydr ocar bon feedstock into ol efinic hydrocarbon

products, the process conprising cracking said

hydrocarbons in a furnace at a reaction outl et

tenperature of above about 1300F, preferably above

about 1450F, nore preferabl above about_ 1600F,
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practice of the present invention. FIG 3 depicts
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tube is manufactured, under which circumstances the coke has to be removed by passing
a mixture of steam and air through tﬁc 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 fumace tubes, reduces the life of the tubes. Tube life is raducsd by a variety of
mechanisms including, but not limited to, abrasion, thermal fatigue, and damage to the
internal oxide protective layer.

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

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



FIG 1 depicts in schematic forma cracking furnace 2

useful in the practice of the ,present invention. The
furnace 2 conprises a preheat convection section 4 and

a radi ant section 6. The radiant section 6 is provided

with wall burners S and floor burners 10, which are

supplied with fuel via fuel lines (not shown). O

course, the furnaces of the, present invention may
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order to produce | ess saturated products such as
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cracki ng heavy feeds like, for exanple, vacuum gas
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sel ectively cracking ethane to ethyl ene by use of the

process of the present invention by which, for

exanpl e, ethane conversion can be inproved fromthe

65% to 75% range of conventional furnaces to

significantly higher |levels, such as on the order of

from about 85%to about 90% Joint 24. is

between dissimlar materials. The reactor furnace

tubes 26 of the present invention are entirely

conprised of a high strength, oxidation resistant,

carburization resistant, high-tenperature resistant,

non-ni ckel -containing material. Preferred such

materials are ceram cs or oxide dispersion

strengthened materi al s. The ceram c nmaterials

useful in the process of the Present invention for



skin tenperatures can be enpl oyed where the tube is
constructed of ceramic materials in accordance with
the present invention, i.e., such.as up to about
2900F. The tubes of the present invention may
have a relatively snooth surface, or they may be
textured. For exanple, as shown in FIGS. 5A and 5B,
tube 26 has an outer solid portion 126, 226, .
r especthtabpts toaadicarokdng by arryhigl thQnaedals uadd fd2@act@2flymace tubes
respectively. In FIG 5A tube 26 is provided with a

pl are dbunklyin de prionsrt. 126 exhaply, iht @nbmenes&um”ﬂtearse oﬁﬁﬂcérfk:eramlcs
FIG 5B, tube 26 is provided with a single "bunmp" 228.
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transfer and thereby allow the furnace reactor tub
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constraints of the materjal from whjch the furnace '
t e ohfe anbr§rrtye cEA! prdk misthef darisingend anpripgitupgyuch a heating
descr.i bed above. Accordingly, the present
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feedstocks at a reactor outlet tenperature above about
13dtpugty it 663 diripls basnsionh Bigt theasore tubp ganrbe eonstructed of the rare
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nanufacturlng furnace reactor tubes frommaterials

t hat have hi gh service tenperatures and reduce both
catal ytic and pyrolytie coke enables furnaces to be
desi gned that have better yields, and hav6 fewer

tubes, each tube operating at higher capacity. For
exanpl e, whereas in a furnage for which the reactor
tubes are manufactured from conventiona

ni ckel -containing material, and the furnace annua
production capacity is, for exanple, 200,000, 000

| b/ year of ethylene, the furnace m ght need, for
exanpl e, 300 tubes, each tube having a residence tine



Dependi ng on the desired |l ength, 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 approximtely equal |ength
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‘c RS trEAstAri Bars “éiﬁa?ﬂi%la‘sﬁ@& P LAY YA “mkd containing
nmetallic material at joint 29. The joint connections
2maggitel. 29 can be of any type known to those skilled in
the art. In general, the prior art describes two
nmet hods for connecting ceramc parts to netal parts.
These types of nethods are the use of netal brazing on
the ceram c, and the use of nechani cal expedients to
conpensate for thermal cipansion differences', or
conmbi nations thereof Non-linmiting exanples of the use
of brazing are contained i ngsHoel scher, United States
Patent No. 3,620,799; Ebendt et al.; United States
Patent No. 3,772,766; Ebendt '766; Pessell et al.
United States Patent No. 3,362,488; and Bindin, United
States Patent No. 4,167,351. Non-limting exanples of
mechani cal | oi nt arrangenents are disclosed in



Cool ed flue gas is discharged to atnosphere via line
or duct 366. The duty split between exchangers 356 and
364 is chosen so that the tenperature of the flue gas
in line or duct. 362 is appropriate for NO renoval by
Sel ective Catal ytic Reduction (SCR) or other neans.
The preheated air in a line 368, preferably at a
tenperature rangi ng fromabout 400 F to about 1100 F, ,
i s t henSp@riekateation ds raiwei frallel 37Dufcn dteadi UpitadalStates Patent No.
burner 308 and/or floor burners 310 via lines 372, 374
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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 given dianeter has

associated with it an optinmum point at which yield

does not increase despite igcreases in the feed rate.

For exanple, the optinumfeed rate for a 1.0" dianeter

coil is about 4 (dinensionless) 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

i nner dianeter of the tube, the greater is the feed



Al'though it is Doted that there are several other nore
conpl ex design considerations, using a basic e:anple,,
and conparing a conventional CrN alloy tube based on
a 1.00" tube at a 1900F tenperature versus a 1.75"
ceram c tube at a 2700F tenperature; the ceram c tube
gives 2.5% better ethylene yield and 4.0 tines higher
capacity. TABLE 1.0. Relative Naphtha Feed Maxi mum
Tube Tdhprestidl emctheRebpti vEthEdikert. inRaitiat ity priRdde dqmeess utxhzmg
Time (Inches) (DegF) ..
reactor furnace tubes that inhibit coking and are carburization and omdanon resistant W1th
hlgh flexure strength.,

It is still a further object of the present invention to provide a prdccss utilizing
reactor fomace tubes that can withstand .very high loads, in very short residence times,
provide highly selective yields, and in the special case of ethane cracking, ‘pro*&idé ultra-
high conversion and longer run-length.

It is a further objective of the present invention to provide a process that allows a
pyrolytic cracking process to be conducted at higher reactor fumace tube outer skin
temperatures (up 1o 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 -cracking process by utilizing furnace reactor tubes that can operate at
higher capacity than conventional tubes and thereby facilitate the use of smaller and
cheaper 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 yet another object of the present invention 1o provide a process that allows -
eracking without the more costly use of dilution steant.
It is vet a further object of the present invention to provide a process thai reduces

the need to recycle large amounts of gas and reduces CO/CO; emissions. (In cracking

cthane or propane at low and moderate conversions in conventional reactar furnace tubes,

10
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a large amount of unconverted gas needs to be separated from the product stream and |

recycled back to the furnace for cracking.)

It is yet another object of the present invention to provide an improved process for
cre}cking ethane at very high con}/e.rsions to produce improved ethylene yields.

_ These and othef objects are achieved by the present invention, which relates to a
process for cracking a.hydrocarbén feedstock into olefinic hydrocarbon products, the
process comprising cracking said hydrocarbons in a furnace at a reaction outlet
temperature of above about 1300°F, pfeferably abové about I4SO°F, more prefcrabiy.
ab'qve.about 1600;’1?, in a reactor furnace tube assembly comprising a plurality of reaction
lines wherein at least one said reactor furnace fube is comprised of a temperature-

resistant, non-nickel containing material.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts in schematic form an embodiment of a cracking furnace useful ih
the practice of the present invention.

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

FIG. 2 depicts in schematic form an embodiment of a reactor furnace tube useful
in the practice of the present invention.

FIG. 3 depicts in schematic form another embodiment of a reactor furnace tube
useful in the practice of the precent invention.

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

the present invention.
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FIG. SA depicts in cross-sectional form an embodimeut of an internally finned |
tube for use in preferred embodiments of the present invention.

FIG. 5B depicts dn cross-sectional form an embodiment of a tube having'a bump
for use in preferred embodiments of the present invention.

FIGS. 6-8 depict in chart form resuits of a parametric study.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

The following detailed dqscﬁption of present invention is presented to illustrate the
present invention and is not to be construed to limit thc:scope of the appended claims in
any manner whatsoever.

FIG. 1 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 Eumers 8§ and floor bumers 10,
which are supplicd with fuel via fuel lines (not shiown). Of course, the furnaces of the

~ present invention may comprise only wall bumners, only floor bumners or combinations
thereof and are present in numbers sufficient to provide sufficient radiant. heat for
effecting the cracking reaction. The hot combusted gases produced by the bumners exit
the radiant sg:cﬁon 6 of the fumace 2 via a transition flue 12, proceed upwardly through
convection section 4 and exit the furnace via a flue 14.

In the process of the present invention, the feedstoek 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
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700°F to about 1200°F. The .preheated feed and preheated dilution steam are then mixed
together and re-enter the convection section 4 into a third exchanger 19 in which the two
admixed streams are heated to a temperature ranging from about 900°F {o about 1450°F.
The mixture in a line 20 (commonly referred to as the crossover) is then directed to the
radiant section 6 of the furnace 2. Alternative arrangements include, but are not limited
to, the total elimination of dilution steam, in which case the feed goes di.rectly from
exchanger 18 to line 20 and exchangers 17 and 19, and separate feed line 22, are not
r;:quired; or the feed is not preheated, in which case the feed in line 16 mixes directly
with the preheated dilution steam from the exchanger 17 and exchanger 18 is eliminated.
The crossover 20 to this point is comprised of conventional 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, naphthé,
gas oils, or any combinations of any of the foregoing, in order to produce l(;ss saturated
products such as ethylene and other higher olefins. A furnace reactor tube which has such
a high resistance to coke formation would also be particularly effective for cracking
heavy feeds like, for example, vacuum gas oil. Especially preferred is the pyrolytic
process for selectively cracking ethane to ethylene by use of the process of the present
invention by which, for example, ethane conversion can be improved from the 65% to
73% range of conventional firnaces {o significantly 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,

13
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carburization ‘resistaﬁt, high-temperature resistant, non-nickel-containing material.
Preferred sué;h matertals are ceramics or oxide dispersion strengthened mateérials.

The ceramic materials useful in the process of the p'feséﬁt invention for preparing
the reactor furnace tubes 26 are any of the known ceramic materials that can be shaped
into.a tubular cf_mstljuction and include, but are not limited to, silicon-carbide materials
such as a direct sintered silicon-carbide (typically abbreviated DSSIC, DSSC, alpha and
beta bond phases). Examples of DSSIC tubes include, but are not limited to, tubes ‘sold
under the trade name Héxoloy® SA by Saint-Gobain' Advanced Ceramics (formerly
Carborundum) and tubes sold under the trade name Halsic-S by W. Haldenwanger
Technische Keramik GmbH & Co. KG. Further, the reactor fumace tubes 26 may be
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
composifes based -on silicon carbide. In addition, other useful ceramic materials may
present themselves to those skilled in the art. See, for example, Jones, Di\rakar 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. 5,813,’845. Other families of ceramic materials useful in the preparing the reactor
furnace tubss 26 of the present invention can be found at the web site having the URL
address of hitp://wew.seprobond.com/tech_corner.asp, wherein an excerpt of Metzger ot
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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Another useful material for constructing reactor furnace tubes in accordance with
the present invention is what is commonly known as oxide dispersion strengthenécl
_ materials or ODS materials. An-exemplary ODS material useful in the p;actice of the
present invention is a :rare earth oxide dispersion étrengthenefi ferrous alloy sold under
the trade name Super Alloy Incoloy® MA956 by Special M;etals Corporation; a virtually
equivalent material is sold under the trade name PM 2000 by Plansee. However, the
reactor furnace tubes 26 may. be constructed of a wide variety of other useful ODS
materials including, by way of ‘example, a rarc carth 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 usefu] ODS materials may suggest
themselves to those skilled in the art in light of the present description. Nen-limiting
descriptions of ODS materials useful in the practice of the present invention can be found
in an article by 1.G. Wright, C.G. McKamey, B.A. Pint and P.J. Maziasz of Ok Ridge
National Laboratory entitled “ODS Alloys for High-Temperature -Applicatipns” and in
Yamamoto et al., European Patent Application No. EP 1018 563 Al.

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

the outside tube skin temperature can be at least about 2300°F. Even higher outside tube
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skin temperatures can be employed where the tube is constructed of ceramic materials in
accordance with the prcsent inventjon, i.e., such.as up to about 2300°F.

The tubes of the present invention may iaave a relatively smooth surface, or they
may be textured. For example, as shown in FIGS. SA and 5B, tube 26 has an outer solid
portion.126, 226, respectively, and an annular hollow portion 127, 227, respectively. In
FIG. 5A, tube 26 is provided with a plurality of fins 128 along its inner diameter, and in
FIG. 5B, tube 26 is provided with a single “bump” 228, The fins 128 or bump 228 can be
provided a!ong any portion of the tube. For example, in a “U”-shaped tube, the fins 128
and/or bump 228 can be provided on the inlet leg, the outlet Jeg, or the “U”-shaped,
portion, or any combination thereof. For a straight.tluough tube design, the fins 128 or
bump 228 can be provided along the entire length of the tube, or any portion thcrgof. The
fins, or bumps, can either be straight (parallel to the ]ongitudiﬁal axis of the tube} or
“rifled” (fins or bumps spiral progressively along the lengt}‘l of the tbe) or of any other
desired configuration. In tubes manufactured from conventional metallic alloys, the use’
of spiral bumps is sold under the wademark MERT by Kubota Metal Carporation. See,
for example, the web site having the URL address of hitp://www kubota.co.jp/infra/sc-

© j/mert/mert-e.html. It is further contemplated in the practice of the present invention to
provide bo‘th fins 128 and a bump 228 on the same tube, such as by providing the inlet
leg of a “U”-shaped tube with fins and the outlet leg with a bump. In all cases, the
purpose of the fins, or tumps, or combinations thereof, is basically to improve heat
transfer and thereby allow the fumnace reactor tubes to operate at ¢ven higher capacities
within the constraints of the material from which the furnace tubes are constru.cted

(maximum service temperature) described above.
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According}y; the ‘pre‘seut invention provides a process forr cracking hydrocarbon
‘féec_lslocks at a reactor outlet temperatur'e above about 1300°F, preferably above aboi;t
1450°F, and more preferably above about 1600°F, and at residence time.srran'ging from
about 0.02 s to about 0.50 s, preferably from about 0.04 s to about 0.25 s. |

Beéaus’e the reactor ﬁ;macé tubes 26 lof the present invention are hon-nickel
containing, almost no catalytic coke is laid down on the inside of the tubes,k even at these:
high temperatures. . Ad&itionally, because there is significantly no catalytic coke laid
down, and the residence times of the present invention are significantly shorter than those
of the prior art, unexpectedly the present inventors have found that form_ation‘ofpyr(}lytic
coke 1s also significantly reduced.

The present inventors have found that manufacturing furnace reactor tubes from
materials that have high service temperatures and reduce both catalytic and pfrolytic
cok_e enables furnaces to be designed that have better yields, and have fewer fubes, each
tube operating at higher capacity. For example, whereas in a furnacé for which the reactor
tubes are manufactured from conventional nickel-containing material, aﬂd the furnace
annual production capacity is, for example, 200,000,000 ib/year of ethylene, the furnace
migl;t need, for example, 300 tubes, each. tube having a residence time of 0.125 s.- In
contrast thereto, in accordance with the present invention, cn‘}ploying tubes of ODS
material, of the same length, for the same capacity farnace, only 150 tubes would be
needed, each tube having a residence time of 0.08 & and. by virtue of the shorter residence
time, having an improved selectivity, that could reduce the fresh feed consumption by
9,500,000 Ib/year. Likewise, for a ceramic tube reactor, of the same length, for the same

capacity furpace, only 65 tubes would be needed, each tube having a residence time of
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0.065 s and, by virtue of the shorter residence time, having an improved selectivity, that
counld reduce the fresh feed consumption Ey a furtber 9,500,000 1b/year,

FIG. 1 depicts an embodiment wherein the shape of the reactor furnace-tube 26 is
a straight one-pass tube. However, the reéctor furnace tube may be of any cdnﬁgurétion
known to those skilled in the art, such as an offset, hotizontal or serpe.ntinc configuration,
FIG. 1A shows a U-shai)ed reactor furnace tube 26’ in a radiant section of a furnace 6’;
and FIG. 1B sl;oxvs an offset or bent shaped reactor furnace tube 26" in the radiant
séction 6” of a furnace. The lengfh of the reactor furnace tube 26 in the depicted shape is
preferably from about 20'feet to about 40 feet. However, the length of the ;ea_ction line
may vary based on its shapé, diameter and the furnace capacity.

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
the kﬁown means for compensating for thermal expan'sion may be employed in the
practice of tﬁe present invention, including, but ot limited to the use of pig_tails as seen
in Wallace, United States Patent No. 3,671,198 and offsets as seen in DiNicolantonie 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, épring,s and/or counterbalances may also be
employed without departing from the present invention.

The inner diameter of the reactor furnace fube may be either constant or swaged.
The ou.ter diameter of the depicted reactor furnace tube 26 is preferably from about 1.25%
o aboui 5.00” and most preferably from about 1.757 o about 3.00”, with the inner
diameter ranging from about” 0.30% to about 1.007 less than the outer diameter. However,

the dianmicters and dimensions of the reaction line may vary in ways known to those
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skilled in the art. In embodiments wherein the reactor furnace tube is swaged, the inner
diameter at the reactor entrance can range from about 1.00” to about 2.00” and._ the inner
diameter+at the reactor.exit can range from about 1.15” to about 2.50”, with a ismooth
transition ﬁ_‘oin one to the other. However, the diameters and dimensions of the reaction
line may vary in ways known o those skilled in the art.

Depending on the desired length, the reactor furnace tube 26 can be constructed as
a single tube or can comprise two or more tubes joined together. In the embodiment
depicted in FIG. 2, the reactor furnace tube 126 is shown as two tubes, a Jowertube 126A
and an upper tube 126B, of approximately equal length joined together at ceramic-to-
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-lo-ceramic joint 128 can comprise any of those known to those
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;
Miller, 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 €t al., United

. Statez Patent No. 5.152,556; Ward «t al,, United States Fatent Mo, 5,256 910; Weaver et
al., United States Patent No. 5411,763; and Godziemba-ialiszewski, United States

Patent No. 4,734,313,
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In another prefe_fred. embodiment of the present invcniibn, in order-to cffe'ct
swaging, the two or more tubes that are connected together to fqrm the reactor fumace
tubé are not of equal diameter. ] In referring to FIG. 3, reactor furnace tube 226 is
comprised of a lowerl reaction tube 226A having an inner diameter X and an outer
diameter y, and an upper reaction tube 226B having an inner diameter p and an outer
diameter g. In preferred‘ embodinﬁgnts, the outer diameter y of lower reaction tube 226A. .
is almost equal to the inner diameter p of upper reaction tube 2268, such that there is a
relatively snug fit when lower reaction tube 226A is-placed inside upber reaction tube
226B. By using such a deéign concept, the geometry of 226A and 2268 arc such as to be
particularly convenient for the mechanical design of the joini itself and, at the same time,
peculiarly desirable for the performance of the reactor fube, in that the larger diameter of
the outlet section of the tube (22613) accommodates the jower 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
section 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 (o metal parts. These types of methods are the use of metal brazing on the ceramic,
and the uss of mechanical expedients to compensate for thermal expansion differences, or -
combinations thereof,  Non-limiting examples of the vse of brazing are contained in
Hoelscher, United States Patent No. 3,620,799; Ebendt et al.; United Statzs Patent No.
3,772,766; Fbendl “766; Pessell et al,, United States Patent No. 3,362,483; and Bindin,

United States Patent No. 4,167,351, Non-limiling examples of mechanical joint
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arrangements are disclosed in Sedgwick et al.. Uni‘t.ed States Patent No. 3,746,374,
Sch\’j'lke,_ United States Patént No. 4,349,203; Dockus, United States Patent No,
4,602,731; Napier ef al,, United States Patent No. 4,902,358; Boecker et al., Unite;d States
Patent No. 4,610,934; Metcaife et al., United-States Patent No. 4,642,864; von Koch,
United States Patent No. 4,702,5(}3'; Tsuno et al., United States Patent No. 4,719,075; Ito
et al., United States Patent No. 4,723,862; Boecker et al., United States Patent No.
4,871,108; Hunt et al., United _Stétes Patent No. 5,013,612; Lasecki et al., United S.tates'
Patent No. 5,042,847; Mizuhara, United States Patent No. 5,120,374; Li, United States '
Patent No. 5,161,728; Li, United States Patent No. 5,248,079; Mizuhara, United States
Patent No. 5,364,010; Churchill et al., United States Patent No. 5,407,119; and S;:hultz et
al., United States Patent No. 5,163,416.

In the embodiment of the invention in whicﬁ fhe reactor furnace tube 26 is
manufactured from ODS alloy, rather than ceramic, the joints 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 often has
been addressed, for which the strengtjl of the joint shall be the same as, or similar to the
0ODS alloy tube. Unfortunately, the main problem with designing such a joint is that the
local application of heat that usually is associated with such joining technologies
damages the grain structure of the ODS alloy tube in the HAZ (heat affected zone) and
causes local weakneas, In the case of dissimilar joinis 24 and 292, 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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Again referriﬁg to FIG. 1, joint 29 connects furnace reaétor tube 26 to line 28
(commonly referred to as th;a transfer ].ine).. The transfer line 28 transfers the reaction
prbauct gases to quenching means 30, in which the aforesaid reaction product gases are
rapidly cooled to a temperature below about 1000°F to prevent further reaction, Oﬁen
quenching to much lower tefnperat_ures is practiced for the purpose of accomplishing
maximum energy efficiency. Quenching means 30 can comprise any of the well--knovm
constructions know ta those skilled in the art. See, for example, Woebcke et al.;_ United
States Patent No. 5,427,655; Woebcke, United States Patent No. 3,403,722; Woebcke,
Unitéd States Patent No. 3,910,347, ‘Woebcke, United States Patent No. 4,356,151; and
Woebcke, United States Patent No. 5,271,827, Afier quenching, the cracked products are
sent for downstream processing via line 32.

Again referring to FIG, 1, dilution steam, via a line 22 optionai]y can be added to
the feedstock hydrocarbons in accordance with the present invention, and as described in
detail above, in amounts generally ranging from about 20% to about 50%. Dilution steam
is added in prior art systems to lower the partial pressure of the hydrocarbons to increase
the obtainable yields, and for assisting 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 reaction in the absence of
steam, several important benéﬁté aré derived, namely, increased throughput and-
elimination of the need to remove the water from the reaction producta, These additional
unexpected benefits make the present invention significantly- more attractive from both

economic and processing standpoints,
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In another preferred embodiment of the present invention, the present inventors
have found that the higher operating temperatures of the radiant section of the furnace
may cause the ﬁue gas temperature exiting the reactor to be sigﬁiﬁcantiy higher, and that
the radian-?_ burmners need to be supplied with preheated air, preheated to such ‘a
temperature that_ the adiabatic flame temperature of the radiant bumer is sensibly greater
than the flue gas temperature required to supply heat to the reactor furnace tubes that are
the subject of this invention. Accbr‘ding]y, réferring to FIG. 4, the present inventors ﬁave |
developed a novel and unobvious system for addressing these issues. In FIG. 4, all |
similar 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 temperature ranging from about SQO"F to about 1200°F. Since it is well
known and commonly practiced in the art that flue gas temperatures should fange from
about 200°F to 400°F before dischargiﬁg to atmosphere, it is convenient to use the
écnsibie heat of the flue gas to pre-heat the air being supplied to the burners. This
p;eheating and cooling can be conducted in one or more stages. In the embodiment of
FIG. 4,_ two stages are employed. Tiius, 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 occurs in indirect heat exchanger 364, which transfers heat indirectly
between incoming air in line 358 and partially cooled {lue gas in line 362. The partially
preheated air from indirect heat exchanger 364 is directed via Jine 360 to indirect heat

exchanger 356 (as described above).
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: Cooied flue gas is discharged to atmosphere via line or duct 366. The duty split
between exchangers 356 and 364 is chosen so that the temperature of the flue gas in line
or dqcl. 362 is appropriate for NQy removal by Selective Catalytic Reduction (SCR) or
other meal.}s."i“he preheated air in a line 368,‘preferably at a temperature ranging from
about 400° F to _aboyt 1100° F, is then directed to manifold 370 for feeding .wa'll burners
308 and/or floor bumers 310 via lines 372, 374 and 376,

It should be noted that FIGS. 1 and 4 are purely schematic. Details like contiol
systems, forced draft fans, induced draft fans, utility convection bundles withi‘n the
convection section 304 (for, by way of exampic, preheating boiler feed water and
superheating very high pressure steam) and so on, will be understood by one skilled in-
the art as necessary and the fact that they are not explicitly described herein does not
imply that they are not inchuded in the detailed embodiment of the invention.

The inventors conducted a parametric study using one preferred embodiment of
the present invention. The study supports the unexpected conclusion that the advantages
of tubes manufactured from new materials that can operate at high tempcraturés 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
that the advantages of ODS tu;{)es may result in the tabes having a capacity that is perhaps
1.6 times greater than that of conventional tubes regardless of tube diameter.

The parametric study was based on a typical Middls Eastern mid-range naphtha
being cracked at moderate severity (propylene/gthylene ratio of 0.50 wit/vn), at a typical
steam/hydrocarben ratio of 0.50 wi/wi, and- at a iy‘zpical Operéting press-ure or coil outlet

pressure of 26.7 psia (12.0 psig), using 30-foot long reaction tubes of varying diameters,
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The parametric study determined the effect of varying tube diameter, feed rate’a'nd
temperature on tube capacity. Téb!c I sets forth the raw data from the study. FiGs. 6-8 set
forth the results inchart form,

FIG. 8§ depicts the dimensionless hydrocarbon.feed rate (%) as a function of
maximum tube temperature (°F). FIG. 8 shows that the ﬁaaximum temperature of the
tube, as a function of feed rate, is almost independent of tube diameter (as the diameter
increases, area increases and flux decreases, hence temperature decreases, which is
almost offset by the relationship that as diameter increases, the inside film coefficient
decréases and hence the temperature increases).

FIG. 7 depicts a relative once through cthylene yield (%) as a 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 tube of any given
inner diameter generally increases with the hydrocarbon feed rate, FIG. 7 also reflects
that a tube of any given diameter has asspciatéd with it an optimum point at which yield
does not increase d;:spiic increases in the feed rate. For example, the optiinuxn 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 (%4) as a funciion 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

ferperature, in fact, temperature should be regarded as a dependent variable. The true

25



2799 10.19 0.240 2.00 2917 10.43 0.056

Al t hough the present invention has been described in

certain preferred enbodi nents, all variations obvious
to one skilled in the art are intended to fall Wthin
the spirit and scope of the invention, including the

appended clains. Al of the above-referenced patents,
pat ent applications and publication S are hereby,

i nciad¢pendenedarpler iefeapaeitc er fend theiHeneq tfor el tubeGliAhMEr there is an

1. A process for selectively cracking a hydrocarbon

f eagsiaekpdintfor Hk eflédivity ygheagiidont prpeianirs tefovathe optimum, the

radiant fired cracking furnace having reactor furnace

t ubeed ané i Qe v LN tleyreki@ehee itnge GOke PRQUUC tindierfiires above the

said reactor furnace tubes, said process conprising:

optimum, the feed rate is too high and the pressure drop is too high. FIG. 6 farther
reflects that the greater the inner diameter of the tube, the greater the temperature
required to obtain optimum product yield from the tube and, hence, the greater the feed
rate (or capacity). Thus, by opefating with tubes of the present invention, the optimum'
yields can be attained by operating at the higher tube terﬁperatures.

Comparing FIG. 7 with FIG. §, it can be seen that with current conventional 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 témperature
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 complexn design
considerations, using a basic example, and comparing a conventional Cr/Ni alloy tube
based on a 1.00” tube at a 1900°F temperature versus a 1.75 ceramic tube at a 2700°F
temperature; the ceramic tube gives 2.5% betler cthylene yield and 4.0 times higher

capacity.
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cracki ng said hydrocarbons in a furnace at a reactor
outl et tenperature of above about 1300 F. at residence
times ranging fromabout 0.02 s to about 0.08 s in a
pyrol ysis cracking furnace conprising a plurality of
reactor furnace tubes; wherei n said reactor

furnace tubes consist of a non-nickel-containing

mat eri al
about 2100

tubes have a |l ength of

F.:

that can withstand tenperatures of at

| east

wherein said reactor furnace

| ess than 35 feet and an

internal dianmeter ranging fAa@Ebut 1.0 to 2.0
i nches; and wherei n the anount of coke |aid -down
on saild tupes TS reduced and the prinmary products of
sai d sel ect RMever ackiN@ux@hues sk hydr ocar bons |igiative :
pbef i ns anfNigrehd Reed dcreniphreaighput | Raativacrieasiatbsid2nceNime
prabesss asjdefined i (pkgddm | wherje¥%n sai d rdgactor
furnacetbwupe 1s consitfructed of 1as&cleram-c redsdri al . 3. 3.200
A proce$80 ps definedijin claim28Wherein sa® iceram c 1.260
materi al0® 5 selectéd® |fromthe gedup consi stiérg of - 0.680
al pha si.P9 ton carbitdg, reacti oR%¥onded si I4¥gn 0.400 -
car bi de!9%j | i con nif®rfi de, -al unmi2®,|{ and al Um®na/ si | i coB260
carbi de!®bhposites?94. A procedd®lals defi ndf4ijn. cl aim 8120
wher ei n*3%] d cerani'@ [material d8fffri ses a 'di%lect 5.000
sinteret?®)icon cdPdi de.- 5. A'Btocess as &Bfli ned i n-2.080
clai m 1'gherei n sad |reactor fdrHdce tube76@qsists 1.140
essent | g y of oxi dispersioqf rengt herfelf If err ous 9-700
al |.oy. . A process ds defined]] cIaimS9 grein sai%ﬁg
oxi de d:%persion S %engthened éé(fous aoal géoo
1.25 9.0 2419 8.64 0.080
1.25 1.0 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 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 9.41 0.380
1.50 9.0 2426 9.73 0.059
1.50 1.0 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 523 2.680
175 5.0 2196 7.60 1.280
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
1.76 15.0 2868 10.19 0.050
2.00 3.0 1997 .93 3.680
2.00 5.0 22 6.7 1.860
2.00 7.0 2384 g.18 1.080
2.00 9.0 2836 Qi3 0.660
2.00 1.3 2698 a.87 ¢.380
2.00 13.0 2799 10,19 0.240
2.00 15.0 2017 10.43 0,056
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all oy conprises a rare earth oxide dispersion

strengt hened ferrous alloy which contains from about

17%to about 26% of Cr by wei ght and about 2% to about

6% of Al by weight. 7. A process as defined in claiml
wherein said reactor furnace tube conprises a straight
configuration. 8. A process as defined in claim1l

wherein said reactor furnace tube conprises an offset

confi gurdthpush. Ug pesprtodewstians kst berad deperibedi i pertain preferred
wherein said reactor. furnace tube conprises a _ _
s e epdndimeetscaiariginmaobvinus tb@ne Akijedindbsarhare drended tp foH within the
claim1 wherein said reactor furnace tube is of an

es spinit iaadl Isyope crfstha itvedii@netdnding the Apponduleslsings All of the above-
defined in claim1 wherein said reactor furnace tube
hagefareavedg pdertd, apaaime rapplictions pnd peblcatisndefel haebyi mncorporated by
claim1 wherein said reactor furnace tube is conprised

of réféRnécil@sir eittilepuver tube and an upper tube joi ned
together. 13. A process as defined in claim12 wherein

said | ower tube has a snmaller dianeter than said upper

tube. 14. A process as defined in claim1 further

conprising adding dilution steamto said hydrocarbon
feedstock. 15. A process as defined in claim1l wherein

said reaction tenperature is above about 1600 F. 16. A
process as defined in claim15 wherein said reactor

furnace tube is constructed of a
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material conprising a ceramc. 17. A process as
defined in claim15 wherein said furnace is heated by
radi ant burners that are fed with preheated air. 18. A
process as defined in claim15 wherein said preheated

air is obtained by preheaj, Ir wwth a flue gas
issuing fromsaid fur nace“"%gl\f% process as defined in

claim1l further conprising preheating said hydrocarbon

feedstock with flue gas in a convection zone of said

f uh ieesss B selaciprady exisking adefkimv@dvomrfe@lsmcMntom@ﬁmc hydrocarbon
ns or

h
xgg\uﬁgoﬁl ? nraEi:léQ gd pgé) q’lérw%t:el I\A}/]:él‘g e1eﬁtct§hli&mce tubes and

f ocess as de ine

hycdme@anaal}r fedadiap @oke pEIMLIHiGESN %h;ldaﬂ@@ctopﬁﬂﬂ@iéelubcs said process
but ane, . naphtha, gas oil or vacuumgas oil. 22.
pr@@@%égméfs defined in claim21 wherein said pr ocess

sel ect ié{@ék)i’n%c ﬁﬁklgrdY&%WQQsa %rkaceaathgqgafa&e&ﬂ?& qgﬁapmme of

or mxtures here rocess as ned in
21abmhe YR 1§&®°dk it oafsekacesemes:taing'ezlgyﬁcﬁn abig 0202 e@ddbbock08 s in a
|S|n%g neto et hyl ene. é process as
THES CRCRINGTINICS pRRRRITSIPEsHP Y 4 e ST EiRT [usnase fabrs:
and sai i
Dot B B e B Pteh A matcril
clthitrpan withetapd teraperdtors of eleas abahit2d86t br  f ur nace t ube

is joined to a. ubecntalnl c.mterial that

5 but oriiatS.fi FaraE S Aschek BRisCh leoBulBLER fiag' Thleet and an
cligieMal dARKRIrth@ER SoiUeul B0 D.0rANRESaddsr om about 20

to 35 feet. 27. A process as defined in claim?26

wher ei rvkaigid thabamoumgfheakanigisk dpwvommiseidt tubes fsor@lced and the
f %“?ltmary products of said selective cracking of said hydrocarbons is olefins and the

furnace throughput is increased.

A process as defined in claim 1 wherein said reactor furnace tube is constructed of a

ceramic material.
A process as defined in claim 2 wherein said ceramic material is selected from the
group consisting of alpha silicon carbide, reaction bonded silicon carbide, silicon

nitride, alumina, and alumina/silicon carbide composites,

A process as defined in claim 3 wherein said ceramic material comprises a direct

sintered silicon carbide.

A process as defined in claim 1 wherein said reactor furnace tube consists essentially

of oxide dispersion strengthened ferrous alloy.

A process as defined in claim 5 wherein said oxide dispersion strengthened ferrous

alloy comprises a rare earth oxide dispersion strengthened ferrous alloy which
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10.

1.

12,

13.

14.

15.

16.

contains from about 17% to about 26% of Cr by weight and about 2% to about 6% of

Al by weight.

A process as defined in claim 1 wherein said reactor furnace tube comprises a straight

configuration.

A process as defined in claim 1 wherein said reactor furnace tube comprises an offset

configuration.

A process as defined in claim I wherein said reactor furnace tube comprises a

serpentine configuration.

A process as defined in claim 1 wherein said reactor furnace tube is of an essentially

constant diameter.

A process as defined in claim 1 wherein said reactor furnace tube has a swaged

diameter.

A process as defined in claim 1 wherein said reactor furnace tube is comprised of two

tubes, a lower tube and an upper tube joined together.

A process as defined in claim 12 wherein said lower tube has a smaller diameter than

said upper tube.

A process as defined in claim 1 further comprising adding dilution steam to said

hydrocarbon feedstock.

A process as defined in claim 1 wherein said reaction temperature is above about

1600° I

A process as defined in claim 15 wherein said reactor furnace tube is constructed of a

material comprising a ceramic.
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17.

18.

19.

20.

21,

22,

23.

24,

25.

20.

27.

A process as defined in claim 15 wherein said furnace is heated by radiant burners

that are fed with preheated air.

A process as defined in claim 15 wherein said preheated air is obtained by preheating

air with a flue gas issuing from said {urnace.

A process as defined in claim 1 further comprising preheating said hydrocarbon

feedstock with flue gas in a convection zone of said furnace.

A process as defined in claim 1 wherein said reaction tube is provided with fins or a

bump.

A process as defined in claim 1 wherein said hydrocarbon feedstock comprises ethane,

propane, butane, naphtha, gas oil or vacuum gas oil.

A process as defined in claim 21 wherein said process selectively cracks vacuum gas

oil, a heavy feedstock or mixtures thereof.

A process as defined in claim 21 wherein said process selectively cracks a feedstock

comprising ethane to ethylene.

A process as defined in claim 1 wherein said feedstock is ethane and said process

operates at a conversion ranging from about 85% to about 90%.

A process as defined in claim 1 wherein at least one said reactor furnace tube is joined

to a tube containing metallic material that is outside said furnace.

A process as defined in claim 1 wherein said tube length ranges from about 20 to 35

feet.

A process as defined in claim 26 wherein said tube length ranges from about 30 to 35

feet.
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