DESCR?PTION = v HEATI NG FURNACE TUBE, METHOD OF USI NG THE SAME, AND
METHOD OF MANUFACTURI NG THE SAME 5

TEEHNI CAL FI ELD The present invention relates to a heating
fUrnace tube, a nethod of usi ng the heating furnace tube, and -a nethod
of manufacturing the heating furnace tube, and nore particularly to a

heating furnace tube whose problenqjﬁgémjp?ﬂbkpg and carburization during
operation at high tenperature, such as a cracki ng tube of an ethyl ene

pl ant, a nmethod of using such a heating furnace tube and a net hod of
manuf acturi ng such a heating furnace tube.
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t he at nosphere of gas including carbon, such as, hydrocarbon, when the
tenperdfure is in the tenperature range where carbon precipitation
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using the heating furnace tube, and a method of manufacturing the heating

furnace tube, and more particularly to a heating furnace tube whose problems

10  are coking and-carburization during operation at high temperature, such as a
cracking tube of an ethylene plant, a method of using such a heating furnace
tube and a method of manufacturing such a heating furnace tube.

BACKGROUND ART

15 In a cracking tﬁbe of an ethylene plant used as a heating furnace tube,
for example, the coking is a problem, where carbon precipitates and deposits
on the inner surface of the tube in the atmosphere of gas including carbon,
such as, hydrocarbon, when the temperature is in the temperature range where
carbon precipitation_océurs.

20 If coking is generated on the inner surface of the heating furnace tube,
such serious problems as overheating and plugging may occur during the
operation of the plant. Therefore decoking to remove deposited carbon by
burning in a high temperature steam atmosphere must be performed frequently,
and to perform decoking, operation of the plant must temporarily be stopped,

25 which causes a considerable drop in productivity.

Technologies which have been developed to solve this problem include
the construction of a heating furnace tube made of material with Al-contained
oxide film on the surface created by adding 1 - 10% Al to ferric alloy, or



and to perform deéoking, operation of the plant nust tenporarily be

st ogpped, 25 which causes a considerable drop in productivity.
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10 In the case of a heating furnace tube which causes carburization, such as
the case of a cfackiiig‘tube of an ethylene plant, the depth of carburization on
the inner surface of the heating furnace tube is measured regularly to prevent
damage on the heating furnace tube caused by carburization, and since
operation ot_' the pl'a'nt-'must be stopped at each measurement, productivity

15 drops considerably. |

Oxide dispersion- strengthened (ODS) ferrous alloy, which is ferritic
high chrome alloy (20Cr-5A1-Fe) where rare earth oxide is dispersed, is known
to have an exﬁ*emel_y excellent high temperature strength and carburization
resistance compared with conventional materials, and is fherefore applied to a

20 heating furnace tube, including joining method using fusion welding, friction
welding, blaz'ingf or mechanical joint method.

With thé_ fusion welding method by TIG welding and electronic beam
welding, which involves the fusion of joint areas, however, oxide particles
float up and the dispersion strengthening function, which is a feature of rare

25 earth ODS ferrous alloy, is lost, dropping high temperature to half or less.

With the friction welding method, which does not involve the fusion of
material, high temperature strength does not drop very much but the high -
jointing pressure generates a big burr at the joint area of the heating furnace



to have an extrently excellent high tenperature strength and carburi zation
resi stance conpared with conventional materials, and is therefore applied
to-a 20 heating furnace tube, including joining method using fusion

wel ding, friction wel di ng, bl azing or mechanical joint nethod.

Wth the fusion welding nethod by TIG wel ding and el ectroni c beam

el di g, Wil B WA 66k 10 Ry BERA inhe Hear@itce fiigle particl es

float up an I spersi on eni ng unct Ion feature of

rare 25 earth 9 éyg&t ]?steuﬂh to half
or |ess. OWHBGBIL ?’?Jﬁgﬁ?lﬁazt?le%%ﬁ\}/\l/gls | ngBtmgtgh véﬁalgﬁ oes %ot
i nvol ve thméltiﬁgﬁjbxﬁi of the bﬁ%lﬁ@'ﬁl’ler bl isSReh AbwWee than Hhstiof (hedsaseot

drop very nuch t he high jointing pressure generates a big burr at

the joint pgterial, dndewittethemethanivad joint method, such as nvetm%and screwing,
2 tube which will bIock the flow of fluid in the heat i ng

f ur naceS t ulsaintaining air tighthess bt higlntempemiurecistexteetnelyadifiicudt) therefiere
expect ed because the- nmel ting point of the brazing filler metal is much
| ower t hanbotinmethods are inappropriate fer jointingrthe hieatingtirneet tubesal | oi nt

met hod, such as_riveting and screwing, .5 maintaini ng air tightness at

hi gh t enperat ur éntblsewayemyemanalcomtmg methods have diffioultiesdorneet ar e

i nappropriate for joi g-the heati furn e tube In this
way, conveReqWHements t%g}ﬁnamms 2 e tibeso inliding

re rerrents for the ja reas at rnac ncl .
ca(r:]glurl zat C8FP anajéwlf B‘rﬁ‘r’éh@g’é{lu (a‘ﬁﬁ tqlwlﬁ%iyg&ghenel y

high 19 temperature strength and carburization resistance.

With thé foregoing in view, it is an object of the present invention to
provide a héating furnace tube which can prevent a drop in productivity cause_d
by carburiz@tion measurement as much as possible, and a method of
manufacmiﬁg the heating furnace tube.

15 As me‘ntioried ébove, an object of the present invention is to provide a
heating fu:_ﬁéce’ .tube. that can solve problems that occur to a heating furnace
tube useﬂ for fluid that contains carbon, such as hydrocarbon, a method of .
using the heating fﬁrﬁace tube, and a method of manufacturing the heating
furnace tube. |

20 In other words, an object of the present invention is to provide a heating
furnace tube that can implement extremely good coking resistance and can
prevent a drop in productivity due to decoking as much as possible, and a

‘method of ﬁsin_g the heating furnace tube, as well as to provide a heating

furnace tube that can prevent a drop in productivity due to carburization

25 measurement as much as possible, and a method of manufacturing the heating
furnace tube.

DISCLOSURE OF THE INVENTION



10 tenperature styrength and carburization resistance. Wth the
foregoing in view, it is an object of the present invention to provi de
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by carburization neasurenment as nmuch as possible, and a nethod of
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resistance, therefore coking by the operation of an ethylene plant can be

minimized and the interval of decoking can be extended much longer than a
conventional cracking tube, and as a consequence, a drop in productivity due

10  to decoking can be prevented.

A heating furnace tube described in Claim 2 is characterized in that a
heatiﬁg ﬁnn_ace' tube element on one side made of rare earth ODS ferrous alloy
which con_taihs 17 - 26% of Cr by weight and 2 - 6 % of Al by weight is joined
with an heéﬁng ﬁlrnéce tube element on the other side made of the above

15  mentioned rare earth ODS ferrous alloy or heat resistant alloy by diffusion
bonding via insert metal, |

With this conﬁgurétion, at least one heating furnace tube element is
made of rare earth ODS ferrous alloy which has good carburization resistance,
therefore the interval of replacing a heating furnace tube -can be extended

20 longer than a conventional heating furnace tube when used for an ethylene
plant, and as a consequence, cost for heating furnace tube replacement due to
the progres§ of carburization can be decreased, and a drop in productivity can
be prevented becalli's'e:the interval of shutdowns of plant due to carburization
depth measurement is extended.

25 Also with this configuration, cost of the plant can be decreased
considerably by using a heating furnace tube element made of heat resistant
alloy for a part of a long heating furnace tube of an ethylene plant.

A heating furnace tube described in Claim 3 is the heating furnace tube



A- heating furnace*tube described in Caim1l1 is a heating furnace tube

used for the fluid containing hydrocarbon or carbon nonoxi de, characterized
in-that the heating furnace tube is made of rare earth ODS ferrous all oy
whi ch contains 17 - 26%of C by weight and 2 - 6% of Al by weight. 5
Wth this configuration, rare earth ODS ferrous alloy which contains 17
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replacing a heating furn ube can “be ext ended | onger than a

conventional heat heaiﬁyfmnméettube deseribed dd Claimad iethwhesteng furnageant, and

as a consequence, cost for heating furnace tube replacenent due to t he
progress oflesaaitied iv€laion 2cchmrhetetizedaasthdt theleating fornacetubedwsiai ty can
be prevented because the interval of shutdowns of plant due to '
car burli® at ¢oupling sharpipertoawhichnthe joint sideedgedof the heating furpaceitubet his -
configuration, cost. of the plant .can be decreased consi der ably by

using a heglement:on ane side paddhe jemt sideiedge of dbae heatingifummace tubeglesientor

a part of a lon eat.i.ng fyrnace,tubge of an,ethyl ene p]ant. A
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and the heating furnace tube element on the other side are joined via the
coupling short pipe _by performing diffusion bonding in a state where the joint

15 side edges of the_heating furnace tube element on one side and the heating
furnace tube elemefnt-on the other side and the coupling short pipe are contact -
with pressure by #pféésurization means via insert metal which is disposed
between the jqint:side edges of the heating furnace tube element on one side
and the heating furnace tube on the other side and the coupling short pipe.

20 With this cdnﬁgﬁration, the joint side edge of the heating furnace tube

.element on one side and the joint side edge of the heating furnace tube element
on the other side ._are_ connected via the coupling short pipe, which makes
centering: of the héatiﬂg furnace tube element on one side and the heating
furnace tube element on the other side easier in the manﬁfacturing process.

25 A heaﬁng fumacé tube described in Claim 5 is the heating furnace tube
described in Claim 4 characterized in that pressurization means comprises a
tapered surface created by the outer surface of the coupling short pipe and 2
tigh;tener which engages with the tapered surface and contacts the coupling



described in € aim 2 characterized in that the heating furnace tube is used

forg allowing fluid containing 100 ppmor less of Sin atomc weight
units to fl ow, and is used in a 550[err]C - 1000[err]C tenperature
range. Wth this configuration, the coking on rare earth ODS
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side 5§ a&f@chie heating furnace tube el enent on the other side are joined
via the coupling short pipe by performng diffusion bonding in a state

where the joint Aheatingfuetacstube déseribed innGldint 64s ¢hé heatiagefirenicotubene

side and the heating f.urnace tube el ement on the other side and the
coupl i ng sidescribeddn Claimoh thatacterizedvin thatrinsert metay isfomesd byi platingn
means via insert netal which is disposed bet ween the joint sjde edges
of the heating fWithathis configuratmemtinsertanetalican be simplydand suredydispose

furnace tube on the other side and _the, coupling short pipe. 20 ., Wth
this confi tw@enmhe-ﬂmtjsaﬁe.@dgs%%@f theybeafing ﬁ@mwi?g element oniomseside

o ot yon gy de andel e LoLat i o cdga, o ihe hegling [wtnage fube
which makes A heating furnace tube described in Claim 7 is the heating furnace tube
described in Claim;'-2 characterized in that the heating furnace tube is us¢d ina
550°C - .120.0.°_C temperature range.
With this configuration, brittle fractures caused by 475°C embrittlement
15  can be prevented and sufficient carburization resistance can be implemented.
A method of using a heating furnace tube described in Claim 8 is
characterized in that ﬂuid containing hydrocarbon or carbon monoxide flows
through the ]_ieat_ihg-ﬁmabe tube made of rare earth ODS ferrous alloy which
contains 17 - 26% of Cr by weight and 2 - 6 % of Al by weight.
20 With this structure, rare earth ODS ferrous alloy which contains 17 -
26% of Cr by weight and 2 - 6 % of Al by weight has extremely good coking

resistance, therefore coking by operation of an ethylene plant can be

minimized and the interval of decoking can be extended much longer than a
conventioﬁal'cracking tube, and as a consequence a drop in productivity due to
25 decoking caﬁ be prevented.
A method of using a heating furnace tube described in Claim 9 is the
method of using the heating furnace tube described in Claim 8, characterized
in that the heating furnace tube element on the other side made of heat resistant

6



centering of the keating furnace tube el enent on one side and the heating
furypace tube el enment on the other side easier in the manufacturing process.

25 - A heating furnace tube described in Claim5 is the heating furnace
t Ube described in Caim4 characterized in that pressurization neans
conprises a tapered surface created by the outer surface of the
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in that5insert pehidthbd cfﬂ'iﬂiﬁ ﬁ&ﬁace tube describ¥¥ i Cl8irh 10 is the

configuration, insert metal can be sinply and surely di sposed bet ween

thejoint s nmhedgﬁmslﬁgtthe Heeahgrmrﬁweﬂm deseeibdeieClaian 90 chasictieridéy and

the heating furnace tube el.enent on the other and the coupllng short pi pe.
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described in Caim?2 characterized in that the heating furnace tube is used

in a atdthic weight Ggidte fldvwg ardizeusedirea SH03€ - 1000°C tempertituret hi s
configuration, brittle fractures caused by 475[err] C enbrittl enent
range. -
10 With this configuration, coking on rare earth ODS ferrous alloy and heat

resistant alloy can be minimized, therefore the interval of decoking can be
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extended much longer than a conventional heating furnace tube, and as a
consequence.a drop in productivity due to decoking can be prevented.
A method 6f manufacturing a heating furnace tube described in Claim
15 1lisa manﬁfa&u;_ing method of the heating furnace by joining a heating
furnace tube ;eiémei_lt' oﬁ one side made of rare earth ODS ferrous alloy which
contains 17 - 26%}6f Cr by weight and 2 - 6% of Al by weight with the heating
-furnace tubé_’element_ on the other side made of rare eartb ODS ferrous alloy or
heat resistant ._alloy- by diffusion bonding via insert metal; characterized in that
20 the manufecturin‘g-'method coniprises of a process for forming or inserting the
insert metal :_to at least one of the joint side edge of the heating furnace tube
element on one side and the joint side edge of the heating furnace tube element
on the other side, a process for contacting with pressure the joint side edge of
the heating fumace tube element on one side and the joint side edge of the
25 heating furnace tube element on the other side directly or via intermediate
member, and a process for performing diffusion bonding the heating furnace
tube element on one side and the heating furnace tube element on the other
side by heating the-insert metal.



15 can be prevented and sufficient carburization resistance can be

I npl enent ed. A net hod of using a heating furnace tube described
incdaim8is characterized in that fluid containing hydrocarbon or
car bon nonoxi de fl ows t hrough the heating furnace tube made of rare
earth ODS ferrous alloy which contains 17 - 26%of Cr by weight and 2
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6 roducﬁdi@ycéﬁbiecﬁr@%ntéd@ insert netal by diffusion bonding.
Wth this tonfiguration, the heating furnace tube el ement nmade of heat

resistant all oyAl manuafsctheingomethod of achdating firmate gube: described e Glaimn

et hyl ene pl ant, which can decrease the cost of the plant considerably.
5 A tRisdse afanufhcmringamthod dfithe dwatingtfurnace hibeedesorit@dimClaim s
t he met hod of using the heating furnace tube descrjibed in Caim9,
char act er i 12¢haracterized in that the insert metal is formed by plating.
10 With this configuration, the insert metal can be simply and surely
disposed betwéen joint side edges of the heating furnace tube element on one

side and the_:_.;heatiﬁg furnace tube element on the other side and the coupling

short pipe. - o
A méﬁufacturing method of a heating furnace tube described in Claim
15 13 is the manufacturing method of the heating furnace tube described in Claim
11, Characteriied' in that the intermediate member is a coupling short pipe to
which the joint Sidé gdge of the heating furnace tube element on one side and
the joint side edge of the heating furnace tube element on the other side are
inserted, and the heating furnace tube element on one side and the heating
| 20 furnace tubé- element on the other side are joined via the -coupling short pipe by
performing diffusion bonding in a state where the joint side edges of the
heating furnace tube element on one side and a heating furnace tube element
on the other side and the coupling short pipe are contact with pressure by a
pressurization means via the insert metal disposed between the joint side edges
25 ofthe heatiﬁg'ﬁmiace tube element on one side and the heating furnace tube
element on the other side and the coupling short pipe.
With this configuration, the joint side edge of the heating furnace tube
element on one side and the joint side edge of the heating furnace tube element



in that the heating furnace tube allows fluid containing 100 ppm or |ess of

S iin atom c weight units to flow, and is used in a 550[err]C -
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7 radius direction. .

With this_conﬁguration, the joint side edges of the heating furnace tube
element on _Qné side and the heating furnace tube element on the other side can
be surely contact w1th pfessure with the coupling short pipe with a simple
structure. |

15 f

. BRIEF DESCRIPTION OF THE DRAWINGS

Fig. lisa _taBl_e on the result after examining coking resistance, high
temperature:_-oxida"tion resistance and mechanical characteristics of various
compositions of alloys including rare earth ODS ferrous élloy of the heating

20  furnace tube related to Claim 1;

Fig. 2 is a graph which indicates the coking resistance comparison
among Fe-20Cr-5 Al -Y,0, alloy which is one of the materials of the heating
furnace tube related to Claim 1, austenitic heat resistant alloy, which is a
conventional material, and Fe-20Cr-5 Al alloy;

25 Fig. 3 is a table on the result after examining the influence of S on
coking resisfance for rare earth ODS ferrous alloy of the heating furnace tube
related to Claim 1, and for austenitic heat resistant alloy of a conventional
heating furnace tube;



Wth. this configuration, at |east one heating furnace tube elenment is

manuf actured to be a heating furnace tube nade of rare earth ODS ferrous
alloy with good carburization resistance, therefore the interval of heating
furnace replacenent can be extended | onger than a conventional heating 5
furnace tube when used in an ethylene plant, and as a consequence a drop in

productivity can, be prevented., . A manuf act ur. net.nhod. of a
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that the i@é&@i%azp%?@m&hed by plating. 10 Wth this
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inserted, and the heating furnace tube.el enent on one side and the heating
20 fur nacetib¢helsedtorClaim 2he other side are joined via the coupling short

-

pi pe by performng diffusion bonding in a state where the joint side
edges of the Fig.I®is a perépectivesvicubdepictimgreomponantssantb thetightenssatng
furnace tube el ement. on the other_sjde and the coupling short pipe are
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the joint side ﬁ‘lquelé) fis 5%?0?33&%@&1&%&@@9%\%%8 llﬁgﬁff)ortion depicting

another 'embodiment of the heating furnace tube related to Claim 2;

15 Fig. 11 is a cross-sectional side view of the main portion depicting
another emb_odiment of the heating furnace tube related to Claim 2; and
Fig. 12 1s a 6ross-sectiona1 side view of the main portion depicting

another embodimernt of the heating furnace tube related to Claim 2.

20  BEST MODE FOR CARRYING OUT THE INVENTION
Referring now to the drawings, best mode for carrying out the invention
related to 2 heating furnace tube, a method of using the beating furnace tube,
and a method of m_énufacturing the heating furnace tube is described.
In the drawings the same numerals and signs are used for the same
25 components. so as to omit redundant explanations.
A heating fmﬁace tube related to the present invention (Claim 1) is a
heating furnace tube used to flow fluid containing hydrocarbon or carbon

monoxide, sﬁch as a cracking tube of an ethylene plant, and is made of rare

10



8- - on the other side are joined via a coupling short pipe as an

I nt.er medi at e menber, which makes centering of the heating furnace tube
el enent on one side and the heating furnace tube el enent on the other
side easier in the manuf acturi ng process. 5 A manuf acturing

met hod of a heating furnace tube described in Caim 14 is the

15, char acRLSRY feithup ARRY EhhEAI-HABRE Torr IR SROtSY fafolh Ay g5 o
i ot oner SRR O BafficbEly Yt (DS Tnidhs dlfonf WHILH BB} 190 26Y0F ©

coupling sty by Weight And'3e- 6% 653%1&?\@%%5 i on. Wth this

configuration,”the joint side e "heating furnace tube

el ement on one Fige] shdwdtheesultnfidrenanting okihe resistaace! her side

can be surely contact with pressure with the coupling short pipe with

a sinpl® temperatucé oxédaticn resistance and the mechaniBl eharfceRticT(HdhO- THE

DRAW NGS Fig. 1 is a table on the result after exam ning coking

r esi st ance fempghature strengthe rdurctil ity p foriwarious conipusifions afidlloysnoludihg

characteristic¢cs of_various. conpositions of alloys including rare earth

ODS f er r outtaiumyOBS fereons allopgised founthe beatingdurrace: tbe of thespresent
invention (Claim 1).

Coking resistance here Was judged based on a known carbon
10 precipitation test.

In other words, a sample (4 x 10 x 45 mm) for each alloy which surface
has been finished with emery paper (600 grid) and has been oxidized undér
950°C stearh is prei)a_red, each sample is buried into a solid carburizer, is
carburized at 1100°C, is oxidized in a 1100°C atmosphere, and then coking

15 and decoking are repeated 10 times, then weight changes before and after
coking is cﬁéckgd for each sample, and coking resistance is judged depending
on the degi’éé of welght change.

Cokiné test,,h_as Been conducted under the fo]lowh}g conditions. Source
gas: benzene (0.5 g/ h), carrier gas: argon (16 Nml/min), adding quantity of S:

20 1 ppm or less, temperature: 800°C and time: 8 hours.

ngh temperature oxidation resistance, high temperature strength and
ductility are?..cﬁteria ‘to judge whether each alloy material can be practically
used for a heating furnace tube considering state where the heating furnace
tube is set, that is, the outer surface is heated by a burner, high temperature

25 fluid flows th_mugh,. and a mechanical strength sufficient enough to be a part of
plant is required. - -

In Fig. 1, @ indicates practically sufficient,O indicates possible, A
indicates practically insufficient and * indicates impossible, and in the table of

11



Fig. 2 is a graph which indicates the coking resistance conparison

amng Fe-20Cr-5 Al -Y203 alloy which is one of the materials of the heating
furnace tube related to daim1, austenitic heat resistant alloy, which is

a’ conventional material, and Fe-20Cr-5 Al alloy; 25 Fig. 3is a

table on the result after exam ning the influence of S on coki ng

resistancefor . rare earth ro t he I n nace, t ybe
rel ated t oFégal n&‘f sagml[es(;)?D S% ﬁi‘l’l‘l fict%ﬁé&%/ %&%Qﬁ?iﬂrgw loy which

t
o " ' ©"Bontains 16° aié‘ﬁ%owr Ceebéhqs%}&?’ 0L B YRishts suligbls for %f
the heatin
perspecti vgeﬁ g/I spqc(?tW&%%%@%&%%%&h%q\thenghargét%mgc ‘eat i ng
furnace tube re | 5F de
vi ew of the main gﬁri’tﬁson dep| ct I'n tshows tﬂegrregﬁlutf ac?')0 P ﬁfﬁfé Iﬁ,ﬂt%h esdlt
heatinggfu _ _ _ It ctive
Vi ow of t neaant 4116y (igh 1 high ea?‘@e@ I aﬁbﬁb%ﬂé AT 2 ai m
2, .0 Fama;{1 &vhfclﬁlsn%é BEEhd HtMHEW aiemecneatﬁa%ﬁmee iBe dfdhé he
tlghtener e heating furnace tube related to aim 2
Fig. 91is presemt inventionfer cokihg rdsistanes) mord spédiicatiyuvenihtrohangeode

before and after coki'ng.
While both high Ni high Cr steel and Fe-20Cr-5Al alloy are
10 manufactured by melting process, Fe-20Cr-5A1-Y,0; alloy of the heating

furnace tube of the present invention is a dispersion-strengthened alloy
' manufactnre'd bya p_owder metallurgy.

| A sa;frple (4 x 10 x 45 mm) for each alloy which surface has been
finished with 'e'mery paper (600 grid) and has been oxidized under a 950°C

15 steamis prepared each sample is buried into a solid carburizer, is carburized
at 1100°C, is oxidized in a 1100°C atmosphere, and then coking and decoking
are repeated 10 tlmes then welght changes before and after coking is checked
for each sample _

Cokmg test has been conducted under the following conditions. Source

20  gas: benzene (O.Sg / h), carrier gas: argon (16 Nml/min), adding quantity of S:
1 ppm or less, temperattne: 800°C and time: 8 hours.

As shown in F1g 2, the weight change before and after coking of Fe-
20Cr-5Al - Y,0, a‘lld’y of the heating furnace tube of the present invention
(Claim 1) is still less than Fe-20Cr-5Al alloy with excellent coking resistance,

25 which make it clear that the addition of yttrium oxide to Fe-C -Al alloy
contributes to a major improvement of coking resistance.

A conxparison result between samples No. 5 and No. 8 in Fig. 1 also
shows that the addition of yttrium oxide to Fe-Cr-Al alloy contributes to a

12



of the heating furnace tube related to Caim 2 | Fig. 10 is a

cross-sectional side view of the main portion depicting anot her
enbodi nent of the heating furnace tube related to Claim2; 15 Fig 11
i-s a cross-sectional side view of the main portion depicting anot her

enbodi ment of the heating furnace tube related to Caim?2; and

Fig. 12 is a.crpss-sectional, sjde view of the main portion depicting
anot her enB@IPHHERPIQN¥CIRERL ﬁ?ﬂ‘\?@%}m‘éﬁ-tube related to Claim 2. 20

EFSVTM- ngs f,E best hBaAPIS Dolig L isatiy,hanes fhap depritip hish SRR EEARK dffoy "°

' . i . i . d
aeﬁé%} R%g oTvEich gpiiitns 95 260 RE Gt WhisHatf 3 6% of M3 el present 4"
| i+ NAS i . .
?Bnéoﬁen{ B Boqd PP IR T aaptl i RAR Gy RELAl ODS SitgRsalloy
e e

monoxi de, Rirfk kil /aeme indi@iting baot cokiflg iresistaephs r ar e
10 §ﬂ6f‘c@ear ??%éh?g?%g Ig l'oy using Al -gfjtgded cf er I’Igt i il hi g.hpchrorre
ferrous al kgah #fFe-20Cr-5PASEY, 00t ogaint Figy 2acompated with tichigh Nadighl Coy
whi ch contains 19 - 26% of , :

steel and Fe-20Cr-5Al alloy.

Material which contains 28% or more Cr by weight and 8% or more Al

10 by weight is lowllfn ductility, more specifically in breaking elongation, and
material which confains 14% or less Cr by weight is poor in oxidation
resistance at a high temperature area, therefore both of these materials have
problems m practical use as material for heating furnace tubes, and material
where yttnum oxide has not been added is low in high temperature strength,

15 therefore it is difficult to apply this material to actual heating furnace tubes.

Yttnum ODS ferrous alloys of samples No. 8 - No. 15 where yttrium
oxide has Béen added, on the other hand, have better coking resistance and
high températ_;i_re strength, and as a result, it became clear that rare earth ODS
ferrous alloy which contains 19 - 26% of Cr by weight and 3 - 6% of Al by

20 weight is suitéble for the material of heating furnace tubes.
| The heating furnace tube related to the present invention (Claim 1) is
made of raré_‘ earth ODS ferrous alloy which contains 19 - 26% of Cr by weight
and 3 - 6% of Al by weight, and the method of using the heating furnace tube
related to thé present invention (Claim 8) is passing hydrocarbon or carbon

25  monoxide thrbugh the heating furnace tube made of rare earth ODS ferrous
alloy in the above mentioned composition.

And since rare earth ODS ferrous alloy which contains 19 - 26% of Cr
by weight and 3 - 6% of Al by weight has extremely good coking resistancé, as

13



Cr by~weight and 3 - 6% of Al by weight. Fig. 1 shows the
result after exam ning coking resistance, higher 5 tenperature oxidation
resi stance and the mechani cal characteristic (high t enperature
strength, ductility) for various conpositions of alloys including

yttrium ODS ferrous alloy used for the heating furnace tube of the present

a2 known' caPHE ghave,she heatipe bl b FIARGE  epnllpnd HARROI S0 P2
emory papelCLRBy 1 FPATRE ThBHoR ol A fpade BEEIAIAIR 0L, I
Bt 1100 o Prectut SV RIS (QUIER) oah ipfiich 16 SoRME 6ftised By operafigh BT 157

and decoki @mr anaQﬁeaﬁ@?v&p%f gzgﬂdg%&?orﬁ%ﬂf&nd@ﬂ%aeﬁ 18_ﬁg9f fhand after

coking is Checked for each sanp I ng resistance 1§ | udged
dependi $ig conveptioh egree of wei ght change. Coki ng test has
been conducted under the follow ng conditions. Source gas: benzene
(0.5g / h), car Therextensiomr gbthe( ibferval ofidecokatglimthig matndryinsprdeste 1

ppmor less, tenperature: 800[err]C and time: 8 hours. Hi gh
t enper at ur productavity of plantscensiderabilyand theeconomicalreffeptrof:the present
ductility are criteria to judge whether each alloy materjal can, be
pract i cal | ynventionbecomes enormausyindluding 8 degreasednstcass fon desoking, vher e

t he heating furnace, ' be is set, that .is, the outer surface is heated
by a bur ne%pcmagﬁ of tiguesdue (0 @perafien smmmf restarts ofhe plantat
streng suf ficient enough to be art of pl ant is required.

In Fi gmll, %FQP g’ﬁaﬁ&ﬁ. ﬁ?%ﬁ:?fgigg-l y sufficient,[err] indicates possible,

A indicat eg, practl ol LASHLhEL SRLIENS pias! SHES RGBS B A
temperatuie- exceeds 1000°C, even reaching 1100°C at some locations,
accurate cdntrdl is required for the operation of the plant with current
austenitib héat resistant alloy, since the melting point is only about 150 -

15  200°C higher than- 11.00.°C, but if rare earth ODS ferrous alloy of the présent
invention Wlﬁbh has the melting 'poin't of 1480°C is used for heating furnace
tubes, safe'tj_'#will fur_ther improve, and operation of plant will be even simpler.

Since'.’th:fe heating furnace tube of ethylene plant is extremely long, it is
advisable to.use thé heating furnace tube related to the present invention

20 (Claim 1) only for locations where coking problems occur, using the heating
furnace tube mad_e .of conventional materials for other locations, and
connecting th_ése tubes to construct an entire heating furnace tube from an
economical point of view.

It is well known that adding S (sulfur) compound to fluid which flows

25 through the heating furnace tube is effective to control coking.

Fig. 3 shows the result of examining the influence of S on coking |
resistance for rare earth ODS ferrous alloy of the heating furnace tube of the
present inve_ﬁtioﬁ (Claim 1), that is, rare earth ODS ferrous alloy which

14



Fig. i~1, the sanples No. '8 - No. 15, that is, yttriumODS ferrous all oy

whi ch contains 19 - 26%of C by weight and 3 - 6% of Al by weight is
suitable for a heati ng furnace tube in terns of coking resistance and
ot her characteristics. ' Fig. 2, on the other hand, shows the

result of conparing austenitic heat 5 resistant alloy (high N high C

teel), Fe-20CE-5Ad - e Wit S

of “the’ e ERERES 9 287 of CF by Wefilitand 3 6% of ALDY Weldlt, atll dienitien®
f " ! , rUi . [

bt er ookt RERICIAAACALSY (FICPEAN] SREINOPE LERvestiohaltheating BwaLe (06, |
alloy are 10 tedtathsbeciebondicted AfiRIes the foA8WingAbnditions! Seurcef

t he heating urnace tube of the present invention Is a

di sper si onggaé: HY% fetleshe Iopdrogen, additives DIVSI(dimethydwulfide)s Oappmy 300

A sampl e (%ﬁx 10 x 45 mm) for egch al I oy which gurface has been

finishesl wppin (5= Y00 Fpen th MOmic wibight inits); tbmpreraturdi 960°C)1000°C,
950[err] C Steam i S prepared, each sanple is buried into a solid
carburi zer 1100°CaHfide® b hours.at 1100[err]C, is oxidized in a 1100[err]C
at nosphere, and then coking and decoking - are repeated 10 tines, then
wei ght changes g 03 ¢ndicdtef 4 eonpirison ofcokiaghesistance depemding omnpl e.
Coki ng test has been conducted under the follow ng conditions. Source 20

gas: benzeneatéfiahghe amountof addingsS :compound, hd\temperatureavtienghgamount

of S 1 ppmor less, tenperature: 800[err]C and tinme: 8 hours.

As shown i of#vejghtchange mugﬂ?&) byrcoking iefirare-canth QPScfercous adoywhen S
20Cr - 5A - Y[err]%_err all oy of the heating furnace tube of the present
i nvent1&n compqundiisiadded.s still |ess than Fe-20Cr-5A alloy with

excel | ent coki ng resistance, 25 which make it cl e&r, that th ddi ti on of
yttrium oxide t &Jmer®00C andol000°C temperature conditions, weight cilange caused

by coking is ,' decreaséd by adding S compound for both the rare earth ODS

ferrous al‘lojf relatéd to the present invention and austenitic heat resistant alloy

which is _the'cqxhparis’on material (conventional material), as the table in Fig. 3
15 shows. |

Under a’ 1 1'(50°C temperature condition, on the other hand, weight
change caﬁSed by _c_o_k__ing is decreased by adding S compound in the case of the
rare earth ODS ferrdus alloy related to the present inventjon, but weight
change caused by coking tends to be increased by adding S compound in the

20 caseof austénitic heat resistant alloy, which is the comparison material
(conventional inafeﬁal).

In this way,'it is clear that adding 100 ppm of S in atomic weight units
improves the coking resistancé of both rare earth ODS ferrous alloy and
austenitic heat resistant alloy under a 1000°C or less temperature condition.

25 So in a heating furnace tube created by connecting the heating furnace
tube of the ﬁresent invention made of rare earth ODS ferrous alloy, and the
heating furnace tube made of austenitic heat resistant alloy, good coking

resistance is acquired by adding 100 ppm or less of S in atomic weight units to

15



contributes to a major inprovenent of coking resistance. A

conparison result between sanples No. 5 and No. 8 in Fig. 1 also shows
that the addition of yttriumoxide to Fe-Cr-Al alloy contributes to a
12 maj or i nprovenent of coking resistance. ' The

table in Fig. 1 clearly shows that ferrltlc hi gh chrorre ferrous all oy

V\/m ch C?E][gi a i t ZGW@SQF%%SP}QS? ayﬂﬁglgpg%’/ Al(lf'sb)’yayquﬂl &gﬂ resent
Lﬁ;L;’:: bercdition of THOUKE of Tessyand SS00ie s hik %@%Qﬁs”er'?xy%%ﬁbgm
di d i i . F 20Cr
e i,
$): apflias.g copsequenge;ths hien it b pe ShRbiyHsea h °
\évglagh]t [ ggldl ng.el a_w V\/ﬂ?Ch contains 14%
or less”Cr- %9&5%&[5265# 00 %ﬁﬂo‘&ﬂaﬁﬁafxg]ﬁmg eag{s}e‘géé'ﬁjgnce at a high

|
emer 4072 SAGHE s St oY G oA
wh tt t t h,
5T S B eI 0

-
—

15 therefore | o actual heating

:‘\Ilcl)f nigem;]gtm;ﬁggstl?lll t?r%d problerfistrelatsl €S fehovabirpddWstrehnt Broteds dwur8 -

Toadd S (sulfur) to fluid that flows through the heating furnace tube,

10 DMS (dimethyl sulfide) and DMDS (dimethyl disulfide) can be suitably used,
and a sufficient effect can also be expected by adding hydrogen sulfide gas.

As des’cribe_‘d above, the cost of plant can be considerably decreased if
the entire heating furnace tube of an ethylene plant is created by connecting
the heat'ing furnace tube related to the present invention (Claim 1) made of rare

15  earth ODS fér't_ou_s. alloy and the heating furnace tube made of austenitic heat
resistant aIléjy, in oﬂiér words, using the heating furnace tube made of
austenitic heat remstant alloy for part of the entire heating furnace tube.

| If fluid 'contaixlging 100 ppm or less of S in atomic weight units flows
through the-:fjieating ﬁﬁﬁace tube constructed by connecting the heating furnace

20  tube related to the present invention (Claim 1) made of rare earth ODS ferrous
alloy and a l_ié_at_ing furnace tube made of austenitic heating resisting alloy,
using the heatmg furnace tube in a 550°C to 1000°C temperature range, coking
on rare earth 'O_DS- ferrous alloy and austenitic heat resistant alloy can be
minimized, and th_erefo'_re the interval of decoking can be extended much

25 longer i:han Gonventional types.

* The extension of the interval of decoking in this manner improves the
productivity of plant considerably, and the economical effect of the present

invention becomes enormous, including a decrease in cost for decoking, a
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oxi de has been added, on the other hand, have better coking resistance and
hi gh tenperature strength, and as a result, it becane clear that rare earth
onsS ferrous alloy which contains 19 - 26% of Cr by weight and 3 - 6%
of Al by 20 weight is suitable for the material of heating furnace tubes.
The heating furnace tube related to the present invention (Caim1l) is

weight | deerease of thopaal abiis G i OPeiAtisn Robsetbrestt OF fe Plastét, i ng

furnace tuae . _related to the B esent invention (Claim8) is passing

hydr ocar bg cepking, Bﬁﬂ%%m%lf%rough the heating furnace tube made of
DS _ ! : i

And since rare Edh Bz shl i bl ARAALE IBP(CHIRE 25 SRR eT

by wei ght g5t Soting i heAlinf utfiic¥ Yeldi2d t8'thePrelentdnventioh!(Claiddrce.

ti oned

above, shembea{:%ﬁeﬂ%%gybe%aa@ vefitiohal fiAeAal, andidetmethod of

(daim1l) and using the heating furnace tube related to the
present i nypihifabturiA@iie Reating fiimiceitabel(Claitnkil)g caused by operation of
plant, and the interval of decoking can be extended nuch |onger than 5
conventional tyfdr heating furnace tibe lesiowniinFigf 4tis er¢atedbypjoiningiacoki ng
in this manner inproves the, productivity of plant considerably, %pd

t he econonheatingffiemacefubehelementdifk on one side emade of the beating tube

i ncluding a decrease in cost for decokjng, a .

related to the present invention made of rare earth ODS ferrous alloy which

10  contains 19 - 26% of Cr by weight and 3 - 6% of Al by weight with the heating
furnace tube element on the other side 20 made of austenitic heat resistant

alloy, which are joined via insert metal by diffusion bonding.

The li_eéting furnace tube element on one side 10 and the heating furnace
tube element on the othér side 20 of the heating furnace tube 1 are joined via |

15 the coupling short pipe 30 made of austenitic heat resistant alloy which is the

~ same materiél as the heating furnace tube element on the other side 20.

Fo_f the heatmg furnace tube element on the other side 20, not only
austenitic héai:'-_'resiétalr_lt. alloy but also rare earth ODS ferrous alloy which is the
same mat'é_ﬁal’ as tﬁe heating furnace tube element on oné side 10 can be used.

20 For the 'cbuﬁ_ling short pipe 30 as well, not only the above mentioned

austenitic heat resistant alloy but also rare earth ODS ferrous alloy which is the
- same maté_rial-as the heating furnace tube element on one side 10 can be used.

The ébove-descﬁbed heating furnace tube 1 is manufactured by the
following processes.

25 At firsﬂ the outer surface of the joint side edges of the ]__Jeating furnace
tube element-on one side 10 (outer diameter: 70 mm, wall thickness: 5 njm)
and the heatjn-g fumace tube element on the other side 20 which size is the
same as the heating furnace tube element on one side 10 (outer diameter: 70

17



decrease of thermal fatigue due to operation stops and restarts of the
pl ant at 10 decoking, and an increase of life. In the case of
cracki ng tubes of ethylene plant, where the tube wall t enperature
exceeds 1000[err] C, even reaching 1100[err]C at sone |ocations, _
accurate control is required for the operation of the plant with current

Lt b

used f_olro hggqup&vp&u?bg&pmponeﬂ{]@@g assélfé'ﬁ? mqgthn‘eg.,‘i Bﬁgg ‘nprove, [a_nd]

operat [on o ol e Ml B 8960 SHIBAS o et e A BB LA .

el 5 S O NI e

i haces: o, BG AERPLLROAL o 14 8 oo BB B e 98 s, .

A TP PO .
t

exam ni ng e Influence of S on coking resi stance for rare earth QDS

ferrous alloy Oderftheﬁﬁﬁéﬂtﬁﬂeﬁaw,ri‘?G@ﬂhﬁhﬁl&bhb% metal R%&&&Dbuélﬂh@BﬂiO”
(Cdaim1l), that is, rare earth ODS Terrous alloy whic
14 metal for brazing, can be used.

10 Then the joint side edge of the heating furnace tube element on one side

10 and the joint side edge of the heating furnace tube element on the other side.

20 are insergéd to each edge of the coupling short pipe 30 for 30 mm
respectively-..-: o
Here, the éoupling short pipe 30 has a 70-mm internal diameter, 8-mm
15  wall thickness, and 60-mm length, and the inner surface 30a has been finished
to a 258 surface roi;ghﬁess.

Both ends of .the outer surface of the coupling short pipe 30 have
approximately 10° of tapered surfaces 30t and 30t where the diameter
decreases toward the edge. |

20 It is ﬁbSSibie to form the film of insert metal not thy on the joint side
edges of the jébdir’e -méntioned heating furnace tube elements 10 and 20, but
also on the fﬁnér surface 30a of the above mentioned coupling short pipe 30,
and it is alsc')'_-'-.p'()ssibl'e to form the film of insert metal only on the inner surface
of the above-mentioned coupling short pipe 30. |

25 After inserting the joint side edge of the heating furnace tube element on
one side 1'0-_énd the joint side édge of the heating furnace tube element on the
other side 20 to the coupling short pipe 30 respectively, the coupling short pipe
30 is contacted in the radius direction by the tighteners 40 and 41 attached to

18



contains 19 - 26%of Cr by weight and 3 - 6%of Al by weight, and

austenitic heat resistant alloy (25Cr-35N steel) of a conventional
heati ng furnace tube. Coki ng test has been conducted under the
f-ol | owi ng conditions. Source gas: 10% met hane + hydrogen, additive:

DVS (di methyl sulfide), 0 ppm 200 5 ppm (S = 100 ppmin atom c wei ght
e b

A Bl e A A e .

| gSO[C er |r]n g gﬁﬁ 0%336[" - & _E&%?@%Sr?ciﬁﬁear@(ﬁéﬁmg &%Rb@“ﬁ%&%ﬁ%ﬁ)gﬂ
ferrous al ?@9%‘#@?‘?3%?%‘@%@& &‘fﬁf@?ﬁ@%&?y@ﬁ& gn%g aué?grnj@'lhgn_'eat

resl Stg:f‘; | all oyThe ti%mf%hﬁf’s }Iglé-gaﬁﬂgqg@fskﬁghv\g?&fiﬁéﬁhhﬁé ré X LY 0Py ‘c]:rll c

mat er i as thetable In er a 1100( er

tenperat ur gﬁﬂﬁ@ﬂ%ﬂgﬁﬁ%@eﬁd‘ Strfiee 40t wRdoftt, simﬂaﬁf@ﬁi@tfpéﬁé&@uiﬁce

coking is decrease S conpound in the case of the rare earth

QDS f err ougphhdB0tVfthe hbove! ientibAed Pou licre pipe/80yandfibe coupliaigange

caused by coking tends to be increased by adding S conpound in the 20 case
of aust eni shertisipe 30 cortatted inothe radivsdirection byomuving the tighteners
(conventional materi alﬁ.- In this way, it is clear that_adding
100 ppm of atachedit@each tapered smrface 30t and 30t of the couplingishgrt pes3@ime of
both rare earth ODS ferrous alloy and austenitic heat resistant alloy
under 10 106k direptionrwhersstheyrappreach ¢achrather.on. 25 So in a heating
furnace tube created by connecting the heating furnace t ube, of thﬁ
present inventi dmepressurization neans P tpgontact Aressurethg qoypling sho
heating furnacg.tube made, of ,austenitic, heat, resistant .allo od. coki ng
resi st ance PIRE 39&9itﬁ_sf®yn£qﬁmgcq§daepslmnﬁ%9nsfﬂ@e 10 and thebeaiing

UNTES 1O fyrnace tube element on the other side 20 is made of the'thpered faces 30t and

30t of the al?e.ve Iiient;iqned coupling short pipe 30 and the above mentioned
15 tighteners 40 ahd 41.
After_]ommg fhe heating ﬁnnace tube element on one side 10 and the
heating ﬁn‘nace tube element on the other side 20 with the coupling short pipe
- 30, the 1n51de of each heating furnace tube element 10 aqd 20 is exhausted
- until the degree _of vacuum becomes 0.001 Torr or less. R
20 IOA and 'QOA:_of Fig. 6 are barrier plates attached to seal openings of the
~ edges of the; *]ieating furnace tube elements 10 and 20 when the inside of each
one of the heating furnace tube elements 10 and 20 is exhausted.
ExhauSti_ngi;isj;_le each one of the heating furnace tube elements 10 and
20 prevente éexida-_ltien of the film M of the insert metal, and allows checking
25 the joining'gtét‘e &tween each one of the heaﬁng furnace tube elements 10 and
20 and the c'oﬁpling short pipe 30.
Joining each one of the heating furnace tube elements 10 and 20 via the
coupling short pipe 30 makes centering (aligning center axis) of the heating
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f-luid that flows through the tube and by using the tube under a tenperature
condition of 1000[err]C or less and 550[err]C or nore where the rare earth
DS ferrous alloy related to the present invention does not cause
brittle fractures (at 475[err] C), and as a consequence the heating
furnace tube can be suitably used in 5 a hydrocarbon environnent where

i 1o RS o 4L M B A0 AT ...
ecause pr ens re to .COKI OSi o208 AlEiftsidR edch
(e uler g2 easier; and ipPIEnR at HiHthEsy fiffad B
[ﬁg?V?:oQg t he ough fhegh atiﬁ f t4tbe, 10 DNBa(dinefgyl ;E?ffge) ;hg
D]lc\/]IcI)S (di n&%??n%?gmafzp(}@ﬁe@kﬁﬁgﬁgﬁﬁg&&used, and a sufficient
: . . - As
desor i bed abovelt B REELIE 10 fLEHierE §ab 18i8 Rach o i Reating furmace
the entqr enfiRAlieftbrt 0368 20 PRcOExkstingioPPirevent Biidation of ti fihn M of

connect’l ng e I'ng furnace ted to the present invention

(C aim 1) st fletslo A PisalsbMadeBpiale 10 ] hldrogas inkidb eabhayiewgf the nace
(0]

t ube made austenitic heat resistant alloy, in other words, using

the heat i nHeitifg Fafmdoehaberslement 10 and26twithoutexleaustingsi stant al | oy for

part of the entire heating furnace tube. ] |f fluid containin
100 ppm or | ess Adfterextmusting msids each one of the heating furnacetbe elemendat( ng
furnace tube constructed by connecting the heating furnacge 20 tuhe rel ated
to the preandi2Q,aeatenH inseaﬁed:m)thm?lm\@fmneah@ns rhﬁaﬂ@gﬁxraa% ¢

12,757 o Ko 5t e el AT,
temperatur ?elilgglgaetilrec_ g‘é( {;vrigch the film M of the insert metal melts, and this temperature

is held for oﬁe-hdur to progress diffusion bonding (liquid phase diffusion

bonding). - . _ ,
Itis als_o.possib:le to melt the film M of insert metal and progress

15 diffusion bonding by infrared heating, instead of using induction heating.
~When each one df the heating furnace tube elements 10 and 20 is heated
~ from insid_e,= :e'a'ch,he'atiﬁg furnace tube element 10 and 20 thermally expands in

the radius diiectioii, '{fvhich pre{rents a drop of joining pressure between each

heating furnace tube element 10 and 20 and the couplirig short pipe 30 during
20 heating a.loﬂ-'g w1th the joining force by the above mentioned pressurization
meansP. -

After-diffusion bonding is completed by holding high temperature for
one hour, heéating.__ﬁirnace tube 1 is cooled down to room temperature, then the
tighteners 4_()._ and 41 aré rexhdvéd from the coupling short pipe 30 and the

25 manufacturing process of the heating furnace tube 1 ends.

As Flg 3 shows; the completed heating furnace tube 1 has an
appearance that the coupling short pipe 30 is attached at the connection part
between the héating furnace tube element on one side 10 and the heating
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on rare earth ODS ferrous all oy and austenitic heat resistant alloy can be
m nimzed, and therefore the interval of decoking can be extended nuch 25

| onger than conventional types. The extension of the interval
of decoking in this manner inproves the productivity of plant
consi derably, and the econonical effect of the present I nvention

7o T e”:ﬂlrﬁ“sédeiﬂ‘eéafé it S B AR §428 G To operation stops and
o toFi o LR oot e RETE Fltnad0 RRL 1 BAEAAS 910 Bl Brengioned

and 5.t ho® HATIAFEHARR the B ar Rark ol BconiaBiabty Moo by iy ™
met hod of ﬁuhaegvzmie@ ient 67 theGie 186 20 WhicH B artalhy) made of

The heatlngefur ce tu ownln I'S creat

heat i ng 5f urfigenitieieefAirmPe¥is ﬁﬁggno gne side made of the heating furnace
t ube related to the present invention made of rare earth ODS ferrous

al oy which 10 cifitheiheatih@ furi@ée aibell that s the atowe herfilomdd donfhyuratioght

with the heating furnace tube el emrent on the other side 20 nade of

austenitic aikwsrﬂmd&t(mtammg 108 ppm, omless lof & i atoimiedweighti wrsits to flewal by
di f fusi on bondi ng. , The heating furnace tube el enent on one side

10 and the theanghgnflisnmsed in a 5502 B a0 00620 temperature tanges cokiPabthe he
heating furnace tube 1 are joined via
heating fumace tube element on one side 10 made of rare earth ODS ferrous

10  alloy and at the other heating furnace tube element on the other side 20 made

of austenitic heat resistant alloy can be minimized, and as a consequence the
interval of -_c@c'o_king- can be extended much longer than a conventional heating
furnace tube, whiéh_ generates enormous high economical effect.
Neédlesé to'say, the heating furnace tube related to the present invention
15 (Claims 1 and 2) and the method of using the heating furnace tube related to
the presgnf iilifr__e_-,'nti_pp-(Claim 8) can be effectively applied not only to the
'crécking tubes :'of éﬁ_'éthylene plant, but also to vaﬁoué heating furnace tubes
which are sﬁbject’ tq'f coking probleins, such as CCR plant in a petroleum
| refining plant | o
20 The héating ﬁir_nace tube related to the present iﬁvention (Claim 2) of
which one Objgcﬁvé is to solve the problem of carburization is also
manufacﬁlréd by 'éxactly the same process as the heating furnace tube 1 shown
in Fig. 4to Flg 6.
As F1g 7to F1g 9 show, the heating furnace tube 1’ related to the
25 present invention (Claim 2) is created by joining the heating furnace tube
element on dn'e sfdé 10° made of yttrium ODS ferrous alloy which contains
20% of Cr by welght and 4.5% of Al by we1ght and the heating furnace tube
element on the other side 20’ made of austenitic heat resistant alloy (25Cr -
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15 t.he coupling short pipe 30 nade of austenitic heat resistant alloy

which is the sane material as the heating furnace tube el enent on the
other side 20. For the heating furnace tube elenent on the
ot her side 20, not only austenitic heat resistant alloy but also rare
earth ODS ferrous alloy which is the same material as the heating

Sort i pe3SNEORY ItHSOTRedlioRoragBset Miloned  austenitic heat

% %SE&”; al %% ”?@%v%gﬁeﬁb%%%@&ﬁéﬁﬁﬁhéﬁ*aﬂgé@h}ﬁaéﬁirawigs

ma P ;Jf act u][ Q&t%gn?q%}t]ee M?Sgﬂfj%%ﬁ‘&ag g’(fﬁ é%és)cgnj‘}t{{ H@ﬁtere%%?@tfarlgﬁ (%%(e:r-o ut er

one o1 de. 1001k o) Hhich EFURF SR Matel B The Bfatity Topihcs tube e itnipmie or

heatingsfup id&20° chRAThE he.iﬁhg%ﬂiz{b%rtubbclﬂeﬂén‘mioe loSbaEE side 4t the

same as the heating flurnace tube 8l'enent on one side 10 (outer dianmeter: 70

17 heating Tiinaé¥ fubeélelsizdi on thetthef sRler2OUage joined 4a the aboge from

t he edge of the respective tube conponent to be a surface roughness of

25S. mentiongtkco 'ling«g',ﬁoﬂpﬂpbch’ti | m Mused as insert netal is forned
to 50 [err]m ~thick by electroplating on the outer surface of the joint

si de edge of th&Fordheihegting furnacatube elemeritcomnthe otherside 208 nat, onlyd on
the outer surface of.the joint_ side edge of the heating furnace tube
el ement onaustenitic:beatresistant allay dubey such as Hpmod centrifugal casting tube,

10  Sumitomo Metal HPM, and Inco Alloy 803, but also ODS ferrous alloy tube
which has the same material as the heating furnace tube element on one side

10’ canbe used.
- For tl;e_ coupling short pipe 30, not only the above mentioned austenitic
heat resistant alloY"tuBe'but also an ODS ferrous alloy tube which has the same

15 material as the heating furnace tube element on one side 10” and ferritic heat
resistant alléy tube can Be used.

The above 'rhéiiﬁoned heating furnace tube 1” is manufactured through
the followix;g'process§s. | o
T At ﬁrst, the out.er..surface of the joint side edges of the heating furnace

20  tube element on one side 10’ (outer diameter: 70 mm, wall thickness: 5 mm)
and the heating furnace tube element on the other side 20° which size is the
same as the }iéating furnace tube element on one side 10’ (outer diameter: 70
mm, wall ﬂﬂckngss:'S mm) are ground in a 30 mm range from the edge of the
respectivé tube component to be a surface roughness of 258.

25 Then N1 - 4%B alloy film M used as insert metal is formed to 5 pm
thick by ele_éﬁc)pla‘ting on the outer surface of the joint side edge of the heating
furnace tubé element on one side 10” and the outer surface of the joint side
edge of the outer heating furnace tube element on the other side 20°, which are
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fi ni shed as above. For the insert netal, a regular anorphous
nmetal product, such as Bni metal for brazing, can be used. 10

Then the joint side edge of the heating furnace tube el enent on one side

10 and the joint side edge of the heating furnace tube el enent on the other
si de 20 are inserted to each edge of the coupling short pipe 30 for 30

Here, the coupling short pipe 30 has a
70- nn1|nteiﬁﬁﬁmﬁfﬁﬁépgye 8-mm 15 wal | thickness, and 60-mm | ength, and the

Both ends. 2‘? " ﬁ%‘?’aﬂﬁéﬁ S5 s o8 P 4GS s R i metl

approxinat g ém&ﬁe 9 red surfaces 30t and 30t where the dianeter
decr eases WErd t e edge. It is possible to formthe film of

insert metal normaﬂ theRint ¥ide Ytk of 48 heating*fiiface tubdelaeNeoNThld daed

heating furnace tube el’enents 10™a so on the 1 nner surtace

30a of §helgbeand tﬁerjbiﬂrside @@g@bﬂtﬂeai&bhgomﬁaé’@tube eleniét o1t th§ offieio

possible to formthé filmof i'nsert netal "only on the inner surface of
the above siig20hark m‘selﬂliedrw edohr ¢édge oftlidcowling short/fiper30°rfeer30 mont he
joint side edge of the heating furnace tube el enent on one side 10 and
t he joint sespectivedy.of the heating furnace tube el ement on the ot her

side 20 to the coupling short pipe 30 respectively, the coupling short pipe
30 i s contact ed Heretthe coapling shoré pipe30h § lac7 Q- inmer cliametery an8-mm
attached to

wall thickness and 60-mm length, and the inner surface 30a;%as been finished
10 tobea25S surface roughness.
Both__jénds of the outer surface of the coupling short pipe 30° have

approximately 10° of tapered surfaces 30t and 30t> where the diameter
decreases toward the edge.
It is possible to form the film of the insert metal not only on the joint
15 side edges of thé above mentioned heating furnace tube elements 10° and 20°,
but also on f_he mner surface 30a’ of the above mentioned coupling short pipe
- 307, and_it 1salso jpdssible to form the film of the insert metal only on the inner
surface b_f the :-'al‘)ox__}e mentioned coupling short pipe 30°.
Aftermsertmgthe joint side edge of the heating furnace tube element on
20 one side 10"'..;éand"t'hg:joint side edge' of the heating furnace tube element on the
other side 20’to the coupling short pipe 30’ respectively, the coupling short
pipe 30’ is coﬁtaétéd in the radius direction by the tighteners 40° and 41°
attached to each tapered surface 30t’ and 30t of the coupling short pipe 30°, so
that the joini: side edgés- of the heating furnace tube elements 10 and 20’ and
25 the inner sufféce 30a” of the coupling short pipe 30’ are pressed sandwiching
the plating layers M and M of the insert metal, and are contact with pressure
for joining. -

The tighteners 40° and 41° here have a ring shape respectively, of which
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each:t apered surface 30t and 30t of the coupling short pipe 30, so that the

j oi nt si de edges of the heating furnace tube elenents 10 and 20 and
i nher surface 30a of the coupling short pipe 30 are pressed

sandw ching the plating layers M and Mof the insert nmetal, and are
contact with pressure for JOInIng 5 The tighteners 40 and 41 here

cur  ace. 40 E SUFEehes fanbied ﬁarv*‘ﬁasgpsdagwﬁﬁ’c' iifar e GRar et of o ﬁS-
s cont act SuiRhes AL, 47 20PCHF o MipvemeBiomed cciiblite, Mom pine 3 bahi, 0
i r oot i on- REPHoBbGPERiptoa07 &dgﬁﬁhsﬁﬁeib“&eﬁm ditetiRh by bR .iﬁ e

Pt
heat i ng fﬂr%ﬁce@ﬁbﬂﬁ chel 6 ieadhiabOed’ iifacs 308 0aId 30¢ o ‘”e%“”iﬁ%
t ube elgnepg%é)gotm bﬁewﬁgrd rghch%chqﬂﬁépd faces 30t and

30t of the ove rrentlone coupl i ng sho pi pe 30 and the above mentioned
15 tighteners AR preséurization means Pitd Sointadt withipresigetthecduplivacshdrtbe
el enent on one side 10 and.the heati ng furnace tube el enent on the

ot her si dep#e 301 bo the heatinpifomadectuberslement on e sideel 0hand ¢hoheating

heating furnace tube el enment 10 and 20 is exhausted until the degree
of vacuum fernacestube®lenient oncthel ather sitle 20° is made ofithe 2apereid faicgs 36t'ar e
barrier plates attached to seal openi ngs of the edges of the heating
furnace tuBB ei%w@ﬁﬁheaboynmennmeoup ingsheost ptpea&%andthe shevef the
heat i n furnace tu cgggﬁl enent Zﬂ& 20 i s exhaust ed.

Exhaus 0 ngmentione temés ating fur nace tube el enents 10 and

20 prevents oxi on .of t |ImMof t he tal, a
checki ng 25 the%aﬁ? ﬁub ‘?FPFH ORING ﬁigefai.d n%ﬁ‘,‘etlfeube

Shen one ohedfifle furnadelnd dﬁfs rﬁ@&ﬁ*‘*&”ﬂﬁb&ﬂ%@ﬁ@" St the, pqupling short Big¥ "9
coupl i ng. shgy &hei&qdé%fre%ﬁ%e%%ﬁfgemcé AD OB T S nd50° ks ShhbhiSied

heati ng

until the de_gree of volume becomes 0.001 Torr or less.

15 10A’ and 20A” in Fig. 9 are barrier plates attached to seal openings of
the edges of sfhe'heating_ furnace tube elements 10’ and 20° when the inside of
each one of ihe heaﬁng furnace tube elements 10° and 20’ is exhausted.

Exhaustlng ms1de each one of the heating furnace tube element 10° and.
20° prevents ox1dat10n of the film M of the insert metal, and allows checking

20 the joining state between each one of the heating furnace tube elements 10’
and 20° and-;ifhe coupling short pipe 30°.

Joining 'each ene of the heating furnace tube elements 10° and 20° via
the couplihg shert pipe 30’ makes centering (aligning center axis) of the
heating ﬁ1fn;ice fﬁbe_element on one side 10’ and the heating furnace tube

25 element on the other side 20’ easier and implements air tightness inside and
outside each-heating furnace tube element 10° and 20°.

It is acceptable.to fill inert gas inside each one of the heating furnace
tube element 10° and 20” after exhausting to prevent oxidation of the film M of
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19 . furnace tube el enment on one side 10 and the heating furnace

tube el ement on the other side 20 easier, and inplenents air tightness
i nsi de and outsi de each heati ng furnace tube el enents 10 and 20.
It is acceptable to fill inert gas inside each one of the heating furnace 5

tube el enment 10 and 20 after exhausting to prevent oxidation of the filmM
t I d I to fill. i t | nsj
cach one ofid ipsert ety and i i SshASeBERTE R L gog inbidR dachiing OFUE
haust t f the heat
Furnace abgating fuppacg At eéleﬁ%?ﬁﬁéﬁ@RQWSH?gﬁﬂeﬁ#&é’. " the bove

emperatur o by ?%3%%% "3"5"‘5 "éﬁ ki upff% GERLE ot® e oAl B A8RECE IS, | e
filmMof Einehf séﬂﬂé&:ﬂﬁi@ﬁbé%?‘?ﬁesﬁ;%%ned ﬁeﬁ'@.ﬁ%df or one

hour to progress d|f SIOﬂ |ng I qui d phase di i ng) .

It is o Sofmﬁ%btthbefe%ﬂi%hts lOEaﬁd DO’ ¥hefeaksss tid teBpbetatarsbyinduciion 15

di ffusion bonding by infrared heating, instead of using induction heating.

Wien each heating upto tiratenigeratureatewhiceth® filtaNfsof thesindeRAGmetal aeltsd

frominside, each heating furnace tube elenent 10 and 20 thermal |y expands

in t handzimsmn@a;mmmols heldifoh opechoantte progress diffiysionibonding ¢Hqued
bet ween each heati ng furnace tube el ement 10 and 20 and the coupling
short pi pepheseldiffugioncbomding)g al ong with the joining force by the above
menti oned press tion
! P Ttis :lsl) posmble to melt the film M of insert metal and progress
10" diffusion bonding by infrared heating, instead of induction heating.
When each one of the heating furnace tube elements 10° and 20 is

heated ﬁom;h't_he inside, each heating furnace tube element 10° and 20’

thermally expand‘s- m the radius direction, which prevents a drop of joining
pressure beﬁween each heating furnace tube element 10° and 20° and the -

15  coupling shd’:—t pif)e' 30’ during heating along with the joining force by the
above mentioned pressunzatlon means P.

~ After. d1fEus10n bondmg is completed by holdmg high temperature for
one hour, the heatmg furnace tube 1’ is cooled down to room temperature, then -
the tlghteners 40’ and 41’ are removed from the couplmg short pipe 30°, and

20 the manufacturmg process of the heatmg furnace tube 1’ ends.

As Fig. 7 shows, the completed heating furnace tube 1° has an
appearance that the coupling short pipe on one side 30’ is attached at the
connection part betWé.en the heating furnace tube element on one side 10° and
the heating fu_méCe.tube element on the other side 20°.

25 It has been confirmed that the heating furnace tube 1° manufactured in
this way has a practically sufficient performance where the joint section can
endure a 100 barometric preséure during hydraulic tests.

Inthe 'heating‘fumace tube 1’ manufactured through the above
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neans P. After diffusion bonding is conpleted by holding high
tenperature for one hour, heating furnace tube 1 is cooled down to
room tenperature, then the ti ghteners 40 and 41 are renoved fromthe
coupling short pipe 30 and the 25 nmanufacturing process of the heating
furnace tube 1 ends. As Fig. 3 shows, the conpleted heating
furnace tube 1 has an appearance that the coupling short pipe 30 is
attached at mentionedprucessegat least the hoating farnace mg)etelemem omathe engside
el ement on one side 10 and the heating - L.

20 10’ is madeacfyttrinm OR8Herrous alloy which has geodxarburization | n
the case of the heating furnace tube 1 that has t ove nentioned

he
SR ot apriitimsiteiost st it A
L e R A L
g(r)lgt ?Is nLSgdliOO g%%fi‘l:?sor{ﬁfa LR g‘%ﬂ? 8?%9%?&%#?? Sﬁgjﬁ# pe 5§ ﬂfﬁggh
ggat ialnlgof u;ﬁ%@@ &‘lt:a?g ‘m%%@#%%%ﬁé ,S%geltgaﬁgé%tdgpﬁgaaﬁ{% eaerngﬁm()@g errous
20 made ” tgfVal (ffcuiteafiond SO GE He BRAE 35 BIZACon deptn 11O 50,
consequenc enfeféﬁﬁlé%t%lfﬁg pE&verRs alroPShProddchifty? an@ e AsIBCHS R ERErvd1an

a conventiona
of operation stops of the plant due to carburization depth measurement also

10 decreases thermal fatigue caused by the stop in furnace operation and restart of
operation, which extends the operating life of the plant.

The strength of the joint section of each heating furnace tube element
10’ and 20’ of the heating furnace tube 1’ is lower than an ODS ferrous alloy
tube and an austenitic heat resistant alloy tube which are base materials.

15 - The high temperature strengfh and the carburization resistance of an
austenitic heat resistant alloy tube, which is used for a part of the heating
furnace tube 1°, is lower than those of an ODS ferrous alloy tube, and it is
known that an ODS ferrous ailoy tube also exhibits an embrittlement |
phenomena, depending on the operating temperature range.

20 As a result, experiments were conducted in terms of structural change
and carburization resistance to confirm the optimum operating temperature
range of the heating furnace tube 1°, and the following results were obtained.
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f-urnace tube, which generates enornmous high econom cal
Needl ess to say,

15.
related to

not only to the
various heating furnace tubes
such as CCR pl ant

furnace tu
obj ective
manuf act ur
shown

heat i ng fu
created by

made of yt{
and 4. 5% of

ot her side
21

The above
(i ntermedi

10

15

20

ef f ect.

the heating furnace tube related to the present invention

(Cains 1 and 2) and the nethod of using the heating furnace tube

the present invention (Claim8) can be effectively applied
cracking tubes of- an ethylene plant, but also to

whi ch are subject to coking problens,

in a petrol eum refining plant. 20 The heating

e related to the present invention ((laim?2) of which one

s to soJemtt he probl|Strudturalrchanigeat | Garburization resistance

o h f b

‘e'nﬁg féi‘r’bjﬁtgl P ST Rebitfdtiesy| 1200502 EgCS | Do
iousiatloy. 'y o

1
t he

to the 25 prese

f4ARSPaL brittleness

oy which contain

nt i nvention ((‘Ja_|_m_2 is
D 8iferrausaallaal i ng

1208%Eror less one si de| 10
FereitiCheat Risistanst al | 20% of Cr by wei ght

-

o

by wei ght, and tlhe heating furnafte tube el enent fon the
rmrh:\ af uct gn t i o hnn roci ot an all o, (DR

= A\ r=) \Z LA™ T ol JOC ATl AT 1T U \ J ol

ODS fesmws- allgy by di[4755Cobrittlensssg |1100%Garless:t al |

ranstenitéc heattesigtahtirinace tube 1' has|a coupling short pipe

of an austenitic|heat resistant all oyl (25Cr -

15H09enber) 30" nade

For an evaluation of carburization resistance, a specimen was set in a
quartz tube and heated in an electric farnace where hydrogen and methane gas
flowed through, then the weight change of the specimen was measured. As the
above result shows, the operating temperature raﬂge of the heating furnace
tube 1° should be set to 550°C or more where 475°C embrittlement does not
occur, énd to 1200°C or less where carburization resistance is sufficient.

In other words, using the heating furnace tube 1’ in a 550°C to 1200°C
temperature range prevents brittle fractures caused by 475°C embrittlement
and implements sufficient carburization resistance.

In the case of a conventional heating furnace tube' made of austenitic
heat resistant alloy, on the other hand, considerable carburization occurs in a
temperature range that exceeds 1100°C.

This carburization prbblem can be solved by using ODS ferrous alloy
tubes for all the heating furnace tube elements located near a 1100°C
temperature environment, and using austenitic heat resistant alloy tubes for
heating furnace tube elements located near a 1000°C temperature environment,
such as the exit of the furnace.

In this way, the heating furnace tube and the method of manufacturing
the heating furnace tube related to the present invention allows using different
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35N - Fe) which is the same material as the heating furnace tube el ement on
the 5 other side 20', and the heating furnace tube el ement 10" on one
side and the heating furnace tube el enent on the other side 20" are
joined via the above menti oned coupling short pipe 30'. For
t he heating furnace tube el enent on the other side 20', not only

austenitic heat resistant alloy tube, such as Hpnod centrifugal casting
tube, 10 SumatenialsMer dicating) fusmakce tube elementsdspendingon thepperatingus al | oy
t ube which has the same material ,as the heating furnace tube el nt
on one si detemperature conditiongsand especially using-an austenitig gaf gesistant ail”e e

T e ey e e
et sffoy FisbafbEraftaf 0dia e 1 st Benis e,
S\B I Llrazls’[el t%’é’;?%}g\g}eg;tem iQE_ES © ”’.@ W%&]Pf@@b?ed@@g %mﬂgtﬁéggﬁﬂaﬁgur nace
m antedt l'éi’-!.rﬁ'é‘i’ﬂcﬁé“ggrﬁig%‘&ﬁf Hh3he LR 61851 20 midle e Pﬁgﬂe%ag&%?fcp
Couterdi anssistant BilBy WhichardTBindivia flef bt By 4RIy Bhoflifie ! (O 11

range fromthe EFB%I% he86ing furndc@3RBe dleReht BA tﬁerqiﬁe@ﬁaetpzm,qm clyface

roughness of 25S. Then NI - 4% B alloy filmMused as inseft

metal is fogiRenitit ReatSresistant alloy hiliebialsbesi OIS férrods alloytabeuwwhich is

surface of the joint side edge of” the heating furnace tlUbe el enent on

one si d9 10thessuiné materiadasthe heatingffutice tubstelemeat on onesigle bI0 chr beut er

heating furnace tube el erent on the other side 20', which are
22 used.

Film M of insert metal is formed on the outer surface of the joint side
edge of heating furnace tube element on one side 110 and the joint side edge of
the heating furnace tube element on the other side 120 is expanded so as to

15 engage with the joint side edge of the heating furnace tube element on one side
110.

To manufacture the heating furnace tube 100, the joint side edge of the
heating furnace tube element on one side 110 is engaged with the joint side
edge of the heating furnace tube element on the other side 120 first, then the

20 tightener 140 of which the inner surface has the tapered surface 140t is
attached to the tapered surface 120t of the heating furnace tube element on the
other side 120, and a stopper block 141 is attached to the section 120f of the
heating furnace tube element on the other side 120 where the diameter
increases. .

25 Then the joint side edge of the heating furnace tube element on the other
side 120 is contact with pressure to the joint side edge of the heating furnace
tube element on one side 110 sandwiching the plate layer M of the insert metal,
then diffusion bonding is progressed by exhausting, increasing temperature,
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f-i ni shed as above. For insert netal, a regular anorphous neta
product, such as Bni netal for grazing, can be used. Then
the joint side edge of the heating furnace tube el enment on one side 5 10
and the joint side edge of the heating furnace tube el enment on the other
side 20" are inserted to each edge of the coupling short pipe 30" for 30 mm
respectively. . Here the coupling short pipe 30" has a 70;nm i nner
di aneter, aandbyrholding th¢ highhterperatuee; dn dbe samegngnner as the manufasturing
surface 30a’ has been finished 10 to _be a 25S surface roughpess, .

Both ends opradess@fitbe aboveapentipned éleaanglﬁlﬁga@fm%@ L ,gg%gﬁe trhgds cooled

T S M Bl SR

o 1T b Gl R sl b SR ™

2L?]9agg oi‘ bfiQ?st@rtﬁF&?@%wgg€ﬂ®o$ﬁQ%% tal on! y on the i’nner.
m‘éiﬂﬁwe gegoigﬁ?ﬁﬁghﬁ%é T4Re, ﬂrﬁf‘ed?‘ﬂ?t pnly on the heatifi! e

inserting the joi ting furnace tube enent. on Z0 one

side 10 angbr&fategit@iﬁefeléheﬁt SHQf‘%eDﬁdé qqdwg%algs ohUhednfiet ShEfagk 9TRRE on the

ot her side € coupltng short pipe respectively, the coupling

short Ré&ng %rﬂai:h %&ﬁféﬁﬂt onithe dthet Sidedi 202 GindodarPbe fBPmekodilgnen s

40" and 41’ ~attached to each tapered surface 30t' and 30t' of the
coupl i ng sheid heatiee Frnacetube eleinent ohltheicthér sided20edges of the heating

furnace tube eleégﬁ%s 10" and 20" and 25 the inner surface 30a' of the
coupl i rig) short piNeediéss @ @y the hedtingfimade tube 100 with the above mentioned
configuration also generates an effect equivalent to the above mentioned
heating furnace tube 1°. |
In the case of the above mentioned heating furnace tube 100, where the
heating furnace tube element on one side 110 and the heating furnace tube
15 element on the other side 120 are directly jointed via insert metal by diffusion
bonding, the coupling short pipe as intermediate member used for the above
mentioned heating furnace tube 1’ is unnecessary.
The heating furnace tube 200 in Fig. 11 is made of the heating furnace
tube element on one side 210 made of an ODS ferrous alloy tube and the
20 heating furnace tube element on the other side 220 made of an austenitic heat
resistant alloy tube which are joined via insert metal by diffusion bonding.
For the heating furnace tube element on the other side 220, not only an
austenitic heat resistant alloy tube but also an ODS ferrous alloy tube which is
the same material as the heating furnace tube element on one side 210 can be
25 used.
A male screw 2108 is on the joint side edge of the heating furnace tube
element on one side 210 and a female screw 220S is on the heating furnace
tube element on the other side 220, and film M of the insert metal is formed on
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tehe_-pl ating layers Mand Mof the insert netal, and are contact with

pressure for joining. The tighteners 40' and 41' here have
a .ring shape respectively, of which

23 the inner surface has tapered surface 40t' and 41t' simlar
to the tapered surfaces 30t' and 30t' of the above nmentioned coupling
short pipe 30", and the coupling short cont din the
radi us di reth&@lﬁeb)%umﬂlﬁgf thegoint side cgge@(f g%satlag B&)@rﬁel@

surface 30t' and 30t' of the coupling s e 30, the di ectlon
wher e t hey oppstdec-hl@ fonthe ﬂrétaremlmngs aceme h%#% ﬁ% Pto

e e
?r;g;tigl;t t he abov"grmﬁzl}clt glﬁsjh?r 1§ é@fjg@ﬁ %égtﬁy"gl?é 8ﬂ
fe Iu re gﬁ te%gt;bgl% ® ﬁb?“&ﬁ@“?? %!F%nt he “FrFéd 1:'@%@’[&9”5%%@“ aC&P

Lgts: Iolet ﬁ]; e{i@ﬁhﬁi‘g g@ﬁ%&tm {)lhﬂ?l%erren el(gme |s e e:}mstte o
20A" in Fi gﬁggfe%rgﬁf) %%%P es at gg@kg%_@ét glﬁg*eﬁ%%%rﬁggngfz 20}%dt%gd

edges of thpyihe ésr 86 Subdelennehtda® 10/\ed 200earensomigciof
each one of‘Rn'ﬂ gﬁgﬁt}% urnace tu e elenents 10" and 20' is exhausted.

with pressure sandw1ch1ng the plate layer M of the insert metal, then diffusion

10 bonding is progressed by exhausting, increasing temperature, and holding the
high temperature, in the same matter as the manufacturing process of the
above mentioned heating furnace tube 1°, then the tube is cooled down to room
temperature after diffusion bonding completes, and the manufacturing process
of the heating furnace tube 200 ends.

15 The film M of the insert metal M can be formed not only on the heating
furnace tube element on one side 210 but also on the heating furnace tube
element on the other side 220, and can be formed only on the heating furnace
tube element on the other side 220. |

The female screw can be on the heating furnace tube element on one
20 side 210, and the male screw on the heating furnace tube element on the other
side 220. |
A circular insert ring made of insert metal can be attached at the joint
sections a and b of each one of the heating furnace tube elements 210 and 220.
Needless to say, the heating furnace tube 200 with the above mentioned

25 configuration also generates an effect equivalent to the above mentioned
heating furnace tube 1°.

In the case of the above mentioned heating furnace tube 200, where the
heating furnace tube element on one side 210 and the heating furnace tube
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Exhaustl ng i nside each one of the heating furnace tube elenment 10" and

20" prevents oxidation of the filmMof the insert netal, and all ows
checking 20 the joining state between each one of the heat i ng furnace tube
el ements 10 and 20" and the coupling short pipe 30'.

Joi ning each one of the heating furnace tube elenents 10° and 20" via

t he coupling short pipe 30' nmakes centering (aligni ng center axi r&i f.the
heating fur elemrentude the eﬂmrtsule@aﬂearsmhneag' S1Qbe
25 el enent on t he other sjde _20' easier and |nple S a|r t ness

i nsi de and bon m;tme@@upb@thPW ﬁ%lfﬁ%@eﬂlﬁ@m rused: fogaaez ove

It is acceptable i1l inert gas,insi.de each one of the heating furnace
t ube el emenfendl ?‘i@acgiﬁhﬁ t i1H YIRS nt oxidation of the film
M of

|psert metal , andIs@ m@%@@vﬁég@ﬂﬁ‘%?%mﬁtmgprmq?éf?bﬁ%oq’ﬂ@faﬁ]ea%i%h one
Ot L1® 5 s g*h?ﬁ%&wnﬁéﬁmﬁgiﬁéﬁgﬁﬁgﬁ&ﬁ@?ﬁﬁ%ﬁ%ﬁ%@ﬂgﬁ ibe
furnace Sbéﬁﬁf%‘ﬁgmﬁiﬂ%ﬁw ahefitcalJoirifis iy ¥re il ARAiFAGTORTS | ©

heating up Bgn e, temperature at which the fil mMof the insert netal
melts, i s tenperature is held for one hour to progress diffusion
bondi ng (I1i qU' d T hé%i{?%ﬁﬁ‘n%&é%ﬁé‘%%ﬁ'ﬂ@ 12 is made of thé heating!fa®nace
possible to nelt i M of i1 nsert netal "and progress

tube element on one side 310 made of an ODS ferrous alloy tube and the

10  heating furnace tube element on the other side 320 made of an austenitic heat
resistant alloy tube which are joined via insert metal by diffusion bonding.

For the heating furnace tube element on the other side 320, not only an
austenitic heat resistant alloy tube but also an ODS ferrous alloy tube which is
the same material as the heating furnace tube element on one side 310 can be

15 used. _

A tapered shaped convex engaging section 310T is on the joint side
edge of the heating furnace tube element on one side 310, and a tapered shaped
concave engaging section 320T is on the joint side edge.of the heating furnace
tube element on the other side 320, and film M of insert metal is formed on the

20 outer surface of the joint side edge of the heating furnace tube element on one
side 310, for the entire joining surface with the heating furnace tube element
on the other side 320 by electroplating

To manufacture the heating furnace tube 300, the convex engaging
section 310T on the heating furnace tube element on one side 310 and the

25 concave engaging section 320T on the heating furnace tube element on the
other side 320 are engaged to mechanically join each one of the heating
furnace tube element 310 and 320, and the joint side edges of the heating
furnace tube elements 310 and 320 are contact with pressure sandwiching the
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10 -diffusion bonding by infrared heating, instead of induction heating.
Wien each one of the heating furnace tube elements 10° and 20" is

heated fromthe inside, each heating furnace tube el enent 10' and 20
thermal |y expands in the radius direction, which prevents a drop ofjoining
pressure between each heating furnace tube elenment 10° and 20' and the 15
coupling short pipe 30" during heating along with the joining force by the

b ti i i 2 i .
above men 'egﬁgglﬁ)eﬁmgf e aﬁylgm%rOIkg/nﬁﬁ 6f ntbref stihpredsionli ng

i's conpl et ! terrperat one hour, the heating
furnace tubgydis instheopbednds @irectionasfedclyeithig fignachenbe elemehe310 and
tighteners 40" and 41' are renpoved fromthe coupling short pipe 30", and 20
t he manuf ac3p@i ng process of the heating furnace tube 1' ends.

As Fig. 7 shows,. the conpleted heating furnace tube 1' has an

appear ance t hat t[hencrhmiswlgbehdmgmpmgmssndebyseuhawng,smammmgd at the
connection part between_ the heating furnace tupe el enent on one side 10

and 5 t hterhpettature and helding the tempesature in the sameapagpgeasphe 25

It has been confjrnmed that the heat| gfurn ce be .1’ nu
this way ham?éll ufaelarmgpracess ofithe Vsém%tll Eeaﬂegéﬁ?w tbﬁtf’déh?lilon
can e a 100 aro trlc ressure durin I ullc

lown t H.}rﬁraﬂﬁpd'y b@gﬁmg completes,

In the heat

25 and the manufacturing process of the heating furnace tube 300 ends.

The film M of insert metal can be formed not only on the heating
10 furnace tube element on one side 310 but also on the heating furnace tube
element on the other side 320, and can be formed only on the heating furnace
tube element on the other side 320.
The concave engaging section can be on the heating furnace tube
element on one side 310, and the convex engaging section can be on the

15 heating furnace tube element on the other side 320.

A circular insert ring made of insert metal can be attached at the joint
sections a and b of each one of the heating furnace tube elements 310 and 320.

Needless to say, the heating furnace tube 300 with the above mentioned
configuration also generates an effect equivalent to the above mentioned

20 heating furnace tube 1°.

In the case of the above mentioned heating furnace tube 300, where the
heating furnace tube element on one side 310 and the heating furnace tube
element on the other side 320-ere direcﬂy- joined via insert metal by diffusion
bonding, and the coupling short pipe as intermediate member used for the

25 above mentioned heating furnace tube 1° is unnecessary.

Also in the above mentioned heating furnace tube 300, mechanical

strength and air tightness in a high temperature environment can be

implemented by combining mechanical joining by a tapered joint and diffusion
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ment-i.-oned processes, at |east the heating furnace tube el enent on the one

si de 10" is made of yttrium ODS ferrous all oy which has good
carburization resi stance, therefore the interval of heating furnace
tube replacenment can be extended | onger than a conventional heating
furnace tube. 5 This brings out a considerabl e econom cal effect
since the expense of repl aci ng heating furnace tubes can be decreased,
and an ext ebendingf the interval of operations stops of the plant due
to carburization_depth maasure nt pr.even{s a d i.n productivijy,
and an ext ensi onTée fils Mrefinsgrt me uﬁﬁddpaﬁﬁi’l 8’5‘53 kave meni] due

e .
jhgia'?it n;echirgl% t\ube, 1 |sln%awer .t Qsmr?%(eggemum dep0§ rTﬁ)tube and an
?’lﬁzt ﬁini ':1 te g)e@ﬂ%f’éﬂ?i}ﬁi g@ 8&3 abéggosﬁﬁ{’t%‘ﬁ highs :

"t HebSiatfe EYPTH %a@gétu\%@? fiftesilis 6 RISt TR pnd dther

austenitic Hé d)eF %

heati ng t n CDS ferrous all oy
tube_, and | étﬁaag(ésnkﬁnégﬁseq %@Wou@%ﬁ ube al so exhi bits an
embrittiement 4 1s%1§8?8%§ﬁ>1e ‘i'@liﬁ‘&i"c figetal] r?ge&ﬁaw vefubidar SPBREAlAHAsERNTE.

20 As a result eriments were conducted rn terns of structural

change nidteriaPhitide 6?5 't %me of aiseet hietaloof insert metalfiinTimoties atdang

t enperature range o eating furnace tube 1', and the foll ow ng
resul t sj0ver bepwéen tl@éiheatmg fumace tube element on one side and the heating furnace

tube element on the other side.
| Needless to say, the heating furnace t.ube related to the present invention
(Claim 2) and the method of manufacturing the heating furnace tube related to
the present invention (Claim 11) can be effectively applied not only to the
15 cracking tubes of an ethylené plant but also to various heating furnace tubes
which are subject to carburization problems, such as CCR plant in a petroleum

refining plant.

INDUSTRIAL APPLICABILITY
20 A heating furnace tube, a method of using the heating furnace tube, and
a method of manufacturing the heating furnace tube related to the present
invention can be effectively applied to heating furnace tubes which are subject

to coking and carburization problems.
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26 - . Joi nt Structural change Car buri.zation

resi stance DS ferrous alloy / 475[err] C brittl eness 1200[err] C or
| ess ODS ferrous all oy ODS ferrous alloy / 475[err] C

brittl eness 1 100[err]C or less ferrnitic heat resistant al | oy
ODS ferrous alloy / 475[err] C brittl eness 1100[err] C or less
austenitic heat resistant al | oy For an eval uati on of
carburization resistance, a specinmen was set in a gquartz tube and

heated in an electric furnace where hydrogen and nethane gas 5 flowed
t hrough, then the wei ght change of theCJ.p‘gB\'/I&n was neasured. As the
above result shows, the operating tenperature range of the heating furnace
tube 1' shoul d be set to 550[err]C or nore where 475[err]C enbrlttlenent

esi stancelis sdk Apatiagdurnace tube &sfeh%ogfmg&ﬁ&{qg Siamigeiuticatbom or

furnace t uggrb(;n 1'n%n%x51 g [tg rﬂ(lw ¢ ara eﬂz%rcflln%at the heating furnace tube is made
of rare earth oxide dispersion strengthened ferrous alloy which contains 17 -
26% of Cr by weight and 2 - 6% of Al by weight.

2.  Aheating fm‘néce tube characterized in that one heating furnace tube
element made of rare earth oxide dispersion strengthened ferrous alloy which
contains 17 - 26% of Cr by weight and 2 - 6% of Al by weight and another

~ heating furnace tube element made of the rare earth oxide dispersion |
strengthened ferrous alloy or a heat resistant alloy are joined via insert metal by
diffusion bonding.

3. The heating furnace tube according to Claim 2, characterized in that the
heating furnace tube allows fluid containing 100 ppm or less of S in atomic
weight units to flow, and is used in a 550°C - 1000°C temperature range.

4, The heating furnace tube according to Claim 2, characterized in that the
heating furnace tube comprises a coupling short pipe into which a joint side
edge of said one heating furnace tube element and a joint side edge of said
another heating furnace tube element are inserted, and said one heating furnace
tube element and said another heating furnace tube element are joined via the
coupling short pipe by performing diffusion bonding in a state where the joint
side edges of said one heating furnace tube element and another heating furnace
tube element and the coupling short pipe are contacted under pressure by a

pressurization means, via an insert metal disposed between the joint side edges
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10 -tenperature range prevents brittle fractures caused by 475 err]C
enbrittlenent and inplenments sufficient carburization resistance.

In the case of a conventional heating furnace tube made of austenitic

heat resistant alloy, on the other hand, considerable carburization occurs
in a tenperature range that exceeds 1100[err]C. 15 Thi s
carburization probl emcan be solved by using ODS ferrous all oy ~ tubes
for all thefbeid onghtatingfarnadectublesstentent landanatherrheating faniasertnbe

t enperature environnment, and using austenitic heat resistant alloy tubes

for helement dand the couphngshentepipe. | ocat ed near a 1000[err] C ,
t enperat ure environnent, such as the exit of the furnace. 20 I n
this way, the heating furnace tube and the nethod of manufacturing t he

heati ng furnace_tube related to the presgnt inventipn,allows. usi.n
differ gm 5. The heating ace tube agcord?ng to Clamm 40, characterize in that the

Canper at ur BRSSHAZAHGAMEARS COMPLIES 4 (RREr S GUIACE LR Crcath orer G FAe, of

t enper at ur HoHSCah : g-af r

E'o's? ) | thie'Supilig 3R bink ard f HAHRA KD BFEadat itk Phe IERERAP S8
' ' | . QDS f

Al oy ube b Fonsgcts e FoaTie sBRrtipe Thifrattys BREEABH. T S0 0 (74 120

made of an austenitic heat

6.  The heating furnace tube according to Claim 4, characterized in that the
insert metal is formed by plating.

7.  The heating furnace tube according to Claim 2, characterized in that the
heating furnace tube is used in a 550°C - 1200°C temperature range.

8. A method of using a heating furnace tube characterized in that _ﬂuid
containing hydrocarbon or carbon monoxide flows through the heating furnace
tube made of rare earth oxide dispersion strengthened ferrous alloy which
contains 17 - 26% of Cr by weight and 2 - 6% of Al by weight.

9.  The method of using the heating furnace tube according to Claim 8,
characterized in that another heating furnace tube element made of heating
resistant alloy is joined by diffusion bonding via an insert metal.

10.  The method of using the heating furnace tube according to Claim 9,
characterized in that the heating furnace tube is used for allowing fluid

containing 100 ppm or less of S in atomic weight units to flow, and is used in a

550°C - 1000°C temperature range.
R 0 Y
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r._esi-.é_t ant alloy which are joi'ned via insert nmetal by diffusion bonding.

For- the heating furnace tube el ement on the other side 120, not only an

austenitic heat resistant alloy tube but also an ODS ferrous alloy tube

which is 10 the same material as the heating furnace tube el enment on one
side 110 can be used. Film M of insert netal is fornmed on
the outer surface of the joint side edge of heating furnqce t ube

el ement onjpne @ fARtA3Q cMflafilifactering asheiringifianate tube cohmprisiagione f ur nace

tube el enent on the other side 120 is expancred so as to 15 engage with the

j oi nt si deheatjieg fhiridve tubstéloment nmedeof rdre eartnexideodispersian strengthenixb.

- To manufacture the heating furnace tube 100, the joint side edge of the
heating f ufersoes alloy whizhecontainoh? - 2636 of (0r by veeight @advd + A% iof Abbyit si de
edge of the heat irag%dafﬁlr nace tube el ement _on _the othe si&e 120 first,,then

the 20 tiweight athenhiesting furnacedube element made ebtherase carth e

140t is . attached to_ the_ tapered surfgce 120t of the heating furngce

tube el enedispensionstrengthened ferwpus aﬂQM,Ofglﬂﬂtéeﬁﬁ@ES@hoﬂl ng@t]lﬁ% jajnea via

attached to the secti 120f of the.. heati ng furnace,tube el nt on

t he ot her and@seﬁm%mggy _élséﬁ’%i?@!‘é}ng’ Chmqﬁl"gﬁéé%. emethocﬁﬂ n the

joint side ed of the_heatting f.urnac ube el ene an t hesot her si de

120 is con%ﬁi&m g%"sﬁ? 5f\1ﬁgcje§pﬁ? CQH%I%G&&@"&FG%&-heau ng furnace

tube el enent ongone:. side. . - C D : HBS

meral o ¢ neforie,Of afsRBtHg et pCicLactest U REI0MS 107 cUBaSEE

tenmperat Ur g,id one heating furnace tube element and said another heating¥urnace tube

element;

contacting with pressure the joint side edge of said one heating furnace
tube element with the joint side edge of said another heating furnace tube
element directly or via an intermediate member; and

diffusion bonding of said one heating furnace tube element and said
another heating furnace tube element by heating the insert metal.

12. The method of manufacturing the heating furnace tube according to
Claim 11, characterized in tha_tf the insert metal is formed by plating.

13. The method of manufacturing the heating furnace tube according to
Claim 11, characterized in that the intermediate member is a coupling short pipe
to which the joint side edge of said one heating furnace tube element and the
joint side edge of said another heating furnace tube element are inserted, and
said one heating furnace tube element and said another heating furnace tube
element are joined via the coupling pipe by performing diffusion bonding in the
state where the joint side edges of said one heating furnace tube element and
another heating furnace tube element and the coupling short pipe are contacted

under pressure by a pressurization means, via insert metal disposed between the
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and by hol ding the high tenperature, in the same manner as the

manuf act uri ng process of the above nentioned heating furnace tube 1',
and the tube is cool ed down to roomtenperature after diffusion
jointing conpletes, then the ti ghtener 140 and the stopper block 141
are renmoved and the manufacturing 5 process of the heating furnace tube
100 ends. The filmMof the insert netal can be fornmed not only
on the heajoingside edges ofisaid: arecheating furnace dube sleraent and anotherheatinge

i nner surface of the heat i ng furnace tube, el ement on the other side
120, and cfarnaceftubewdemeny and the couphiagishert pipe. ur nace tube el enent on the
ot her side 120. 10 Needl ess to say, the heating furnace tube 100 with
t he above nenti oned configuration also generates an effect equival ent

to the above nentione : heating furnace tybe 1'. . | pyt.ne

case of théﬁaboaﬁler@#h%é’g m%fh‘i-‘ilaﬁg-‘“% Eﬁéténg aggubgascording to Claint 12,

heati ng furpace tube,el engnt pon one si.de.110 and the heatin urnaee tube

15 el emencharacterzed Higy r{&“ﬁj ¢ JPressurigation (eans,; COIMPIISES ¢, e‘ire?’!#a(fﬁ/
he ¢

for e abgned G ifonleiCaiiey ol PRiphg %, pipE B GnlERgR Sinicie
{ube o ereAPeggop Atk PEatted yffall abll CuUARETE coubint ol pIEIA 3xadjys

heat i ng fuaﬂ%&ﬁphybe el ement on the other side 220 nmade of an austenitic
heat resistant alloy tube which are joined via insert netal by

di f fusi on bondi ng. For the heating furnace tube el enent on the
ot her side 220, not only an austenitic heat resistant alloy tube but
al so an ODS ferrous alloy tube which is the sane material as the
heati ng furnace tube el enent on one side 210 can be 25 used. A

mal e screw 210S is on the joint side edge of the heating furnace tube
el enent on one side 210 and a fenale screw 220S is on the heating furnace

O
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tube el enent on the other side 220, and filmMof the insert netal is
formed on 29 t he
outer surface of the joint side edge of the heating furnace tube el ement on
one side 210 for the entire joining surface with the heating furnace tube
el ement on the other side 220, by el ectropl ating. To

manuf acture the heating furnace tube 200, the male screw 210S on 5 the
heating furnace tube el enent on one ABSTRAGREd the ferml e screw 220S

on the heating furnace tube el enment on the other side 220 are screwed

t oget her to rrechani cally join each heating furnace tube el enent 210
and 220, and the t Sld edges of the .heating furnace tube elements
210 and 220 are-’sebﬁaﬁ@g 9@@@19@60@ m%gmmg ijl(l’(&?gr M of

| ner casi ngTIHBEEITIE dé%ép‘ﬁé'af?& avicbes ”3eﬁélg%e33w‘3§fa§m»% exeﬁlrwa”s“@%m”
?;ﬁ Liéef ?bﬂc%p”a%%@%%@”'ﬁaﬁlgl e WESR scrahoBrppraising Sy ma e Mifia tn
he heati nierifis BdRuRE0T' ThE headld cutfactiibeFhith MmBHRES By teaﬁt& al

Si de 220 Lﬁ%f@ﬁdg%‘%c&g?h%“ﬂﬁ;%&%ﬁ@?ﬁ%ﬂ%ﬂéJWafﬁevét“}%""qﬂ? -8 wbos
si de 220, gpch10aNTie ot AR it BibthliAg AR hektidg FilaRe tube whieh o oot

on the other sid
comprises the steps of forming or inserting an insert metal on or into at least one

of a joint end portion of one heating furnace tube element and that of the other

heating furnace tube element, bringing these two joint end portions into pressure
contact with each other directly or via an intermediate member, and diffusion
welding the two heating furnace tube elements to each other by heating the

insert metal.
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-The femal e screw can be on the heating furnace tube el ement on one 20 side
210, and the male screw on the heating furnace tube el enment on the other

si de 220. A ciyeular insert ring made of insert nmetal can be
attached at the joint " sections a and b of each one of the heating
furnace tube elements 210 and 220. Needl ess to say® the heating
furnace tube 200 with the above nentioned 25 configuration also generates
an effect equivalent to the above nentioned heati ng furnace tube 1'.
In the case of the above nentioned heating furnace tube 200, where the
heating furnace tube el ement on one side 210 and the heating furnace tube

30 el ement on the other side 220 are directly joined via
i nsert netal by diffusion bondi ng, the coupling short pipe as
i nt er nedi ateerber—used-for the—abow reRt--oped—heat-+Rg—H-raee—Hube
1' is unrlecegsary. /“E£&$n the nhnye menptio eatlng furnagce
tube 200,| g&$hacy I t d |TE : plesiavr e
envi r onngnt caaagﬁﬁbs ﬁONS ST ANCE Qger T%ﬁ#‘; N -moél ni ng |'by
scr ewi ng |and |di f f usi on bondi ng. | BESISTANCEhb heating furlnace tu
300 in Fijg., 1Z 1s made of the heating]|furnace tube el enent oncgne Si de
310 made |oft dFeer¥Srferrous hi | oy¥t ube|and t A *

2 | Fe-25Cr A O ¥ O

3 | Fe-14Cr-1, 2A1 A O * O

4 |Fe-19Cr-1,2a1 | A O * O

5 | Fe-20Cr-3A1 A O % O

6 | Fe-20Cr-4A1 A O * O

7 | Fe-21cr-8a1 O o * *

8 | Fe-20Cr-3A1-Y203; O Lo (0] o

9 | Fe-21Cr4A1-Y203] O 0 O o °

10 | Fe-21Cr-5A1-Y203| O L] (o) O

11 | Fe-21Cr-6A1-Y203 O (o} (@) O

12 | Fe-26Cr-6A1-Y203 (o) O O O

13 | Fe-26Cr-8A1-Y203| O (@) O ok

14 | Fe-28Cr-6A1-Y203 O O O o

15 | Fe-28Cr-8A1-Y203 O O O *

FIG.1



10 heating furnace tube el ement on the other side 320 nade of an austenitic

heat resistant alloy tube which are joined via insert netal by

di ffusi on bondi ng. For the heating furnace tube el ement on the
ot her side 320, not only an austenitic heat resistant alloy tube but
al so an ODS ferrous alloy tube which is the sane material @s the
heating furnace tube el enent on one side 310 can be 15 used. A
t apered shaped convex engagi hg section 310T is on the joint side edge

of the heating furnace tube el ement on one side 310, and a tapered shaped
concave engagi ng section 320T is on the joint side edge of the heating
furnace tube el enent on the other side 320, and film M of insert netal
is formed on the 20 outer surface of the joint side edge of the heating
furnace tube el ement on one side 310, for the entire joining surface
wi th the heating furnace tube el ement on the other side 320 by

el ectroplating tube 300, the
convex engagi rig _sectlon 310T on the heating furnace tubg el enent on
one side 310 gnd the 25 concave engagi ng section. 320T on th heatlng
furnace tube gl enment on the ot her side 320 are engaged tocnechanlcally
join each one |of the heating furnace tube el enent 310 a d§320 and t he
joint side eddes of the heating furnace tube elenents 3 OE?EP 320 are
contact with gressure sandw ching the
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pl ate | ayer
conpressi on

M of

i nsert netal

by applying 0.1 kg / mmierr] or

nor e

stress in the tube axis direction of each heating furnace

tube el ement 310 and

pr ogressed by exhausti ng,

320.

increasing 5

tenperature in the same manner as the

above nentioned heating furnace tube 1',

Then diffusion bonding is

tenperature and hol ding the

manuf act uri ng process of the
the tube is cooled down

t hen

to roomtenperature after diffusion bonding conpletes,
manuf acturi ng process of the heating furnace tube 300 ends.

filmM of

i nsert netal

can be fornmed not only on the heating 10

and t he

tube el enent on one side 310 but also on the heating furnace tube

el enent on the other side 320, and can be forned only on the heating
tube el enent on the other side 320.
engagi ng section can be on the heating furnace tube N .
si de 310, and the convex engagi ng section can be on the 15 heating furnace ™
tube el enent on the ot her
i nsert metal

f ur nace

of

si de 320.
can be attached at the joint

A circul ar

The

f ur nace

The concave

i nsert

el enent on one

ring made

. sections a and b of each
Needl ess

one of the heating furnace tube elenents 310 and 320.

to say,

the heating furnace tube 300 with the above nentioned

configuration also generates an effect equivalent to the above nentioned 20

heati ng furnace tube 1'. :
heating furnace tube 300, where the

In the case of the above nentioned

heating furnace tube el enent on

one side 310 and the heating furnace -tube

320 are directly joined via insert metal

coupling short
heat i ng furnac
menti oned heat
tightness in a
conbi ni ng nmech
32
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bondi ng. The filmMof insert netal used in each one of the

above nenti oned enbodi nents is fornmed by el ectropl ating, but wet

pl ating, dry plating, el ectrol ess pl ating, physical deposition (e.qg.
vacuum deposi tion, sputtering, ion 5 plating) and vapor plating, including
chem cal deposition (e.g. high t enperature CVD, plasma CVDY, spraying
and coating netal paste and ot her met hods can be used to formthe film
M of insert netal. It is also possible to insert netal,
specifically tubular or circular insert material made of a thin plate
of insert nmetal or insert netal filminto the area 10 between the heating
furnace tube el enent on one side and the heating furnace t ube el enent
on the other side. Needl ess to say, the heating furnace tube
related to the present invention (daim2) and the nethod of

manuf acturi ng the heating furnace tube related to t he present

invention (Claim11) can be effectively applied not only to the 15
cracki ng tubes of an_ethyl ene glant but also to various heating furnace

t ubes whi ch are subject to,carburization problens, such as CCR pl ant
in a petrol eum refining plant.
| NDUSTRI AL APPLI CABI LI TY 20 A heating furnace tube, a nethod of

usi ng the heating furnace tube, a




a nmet hod of manufacturing the heating furnace tube related to the present

I nvention can be effectively applied.to heating furnace tubes which are
subj ect to coking and carburization problens.

33 L CLAIMS 1. A heating
furnace tube used for allow ng fluid containing hydrocarbon or &arbon
nonoxi de to flow, characterized in that the heating furnace tube is nade of
rare earth oxide di spersion strengthened ferrous alloy which contains 17 -
26% of Cr by weight and 2 - 6% of Al by weight. 4]




2" A heating furnace tube characterized in that one heating furnace tube
el enent nmade of rare earth oxi de dispersion strengthened ferrous all oy
whi ch contains 17 - 26% of O by weight and 2 - 6% of A by weight and
anot her heating furnace tube el enent nade of the rare earth oxide
di spersion strengthened ferrous alloy or a heat resistant alloy“are joined
via insert netal by diffusion bonding. 3. The heating furnace tuhe
according to Claim2, characterized in that the heating furnace tube allows
fluid containing 100 ppmor less of Sin atomc weight units to flow, and
is used in a 550[err]C - 1000[err] C tenperature range. 4. The heating
furnace tube according to Claim?2, characterized in that the heating
furnace tube conprises a coupling short pipe into which a joint side edge
of said one heating furnace tube elenent and a joint side edge of said
anot her heating furnace tube elenent are inserted, and said one heating
furnace tube el enent and sai d another heating furnace tube el enent are
joined via the coupling short pipe by perform ng diffusion bonding in a
state where the jpint side edges of said one heating furnace tube el enent
and anot her heating furnace tube el enent ?pd the coupling short pipe are
contacted under prgssure by a pressyff)zatton nédns, via an insert netal
di sposed between t j oi nt Si%i edge

] M
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ef said one heating furnace tube el enent and anot her heating furnace tube
el enrent and the coupling short pipe. 5. The heating furnace tube
according to Caim4, characterized in that the pressurization means
conprises a tapered surface created on an outer surface of the coupling
short pipe and a tightener which engages with the tapered surfate and
contracts the coupling short pipe in a radius direction. 6. The heati ng
furnace tube according to Caim4, characterized in that the insert netal
is formed by plating. 7. The heating furnace tube according to Claim 2,
characterized in that the heating furnace tube is used in a 550[err]C -
1200[ err] C tenperature range. 8. A net hod’' of using a heating furnace
tube characterized in that fluid containing hydrocarbon or carbon nonoxi de
fl ows through the heating furnace tube nade of rare earth oxide dispersion
strengthened ferrous alloy whjch contains 17 - 26% of C by weight and 2 -
6% of Al by weight. 9. The nmet hod of using the heating furnace tube
according to Claim8, '




characterized in that another heating furnace tube el enent made of heating
resistant alloy is joined by diffusion bonding via an insert netal. 10.
The net hod of using the heating furnace tube according to Claim9,
characterized in that the heating furnace tube is used for allowng fluid
containing 100 ppmor less of Sin atomc weight units to flow,«and is used
in a 550[err]C - 1000[err] C tenperature range. 11. A nethod of
manuf acturing a heating furnace tube conprising one heating furnace tube

el enent made of rare earth oxide dispersion strengthened ferrous all oy

whi ch contains 17 - 26% of O by weight and 2 - 6% of A by weight; and
anot her heating furnace tube el ement nade of the rare earth oxide

di spersi on strengthened ferrous alloy or heat residtant alloy which are
joined via an insert netal by diffusion bonding, characterized in that the
met hod of manufacturing the heating furnace tube conprises the steps of:
formng or inserting the insert netal to at | east oye_ ofjoint side edges of -
sai d one heating furnace tube el ement and said ang&he 2qt i ng furnace tube
el enent ; - contacting with pressure the joi
heating furnace tube element with zpe joi$ si d¢
heating furnace tube el enent directhy or




di‘f fusi on bondi ng of said one heating furnace tube el ement and sai d anot her

heating furnace tube el enent by heating the insert netal. 12. The net hod
of manufacturing the heating furnace tube according to Caim 11,
characterized in that the insert nmetal is formed by plating. 13. The

met hod of manufacturing the heating furnace tube according to Ciaim 11,
characterized in that the internediate nenber is a coupling short pipe to
whi ch the joint side edge of said one heating furnace tube el enent and the
joint side edge of said another heating furnace tube elenent are inserted,
and said one heating furnace tube el enent and said another heating furnace
tube elenent are joined via the coupling pipe by performng diffusion
bonding in the state where the joint side edges of said one heating furnace
tube el enent and anot her heating furnace tube el enent and the coupling
short pipe are contacted under pressure by a pressurization neans, via
insert netal dispoged between the

36 joint side edges of said one hEﬁtlng furnace t ube el enent and
anot her heating furface tube elenent¢$©d t he couﬁllng short pi pe.
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14. ‘'The nethod of manufacturing heating furnace tube according to Claim 12,
characterized in that the pressurization means conprises a tapered surface
formed on an outer surface of the coupling short pipe and a tightener which
engages with the tapered surface and contacts the coupling short pipe in a
radi us direction.
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