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Met hod for joining dispersion-strengthened all oy The
present invention relates to a nethod for joining two
worosaosBsezonponent s and/ or constructi on parts, PEl/SE®as000572
one of which consists of a disper sion-strengthened
al  oy. Background of the Invention Construction parts
of di spersion-strengthened material, such as, e.g.,
Kant hal APM or APMI have turned out to best neet the
requirenents that are nade on the construction parts
Métﬁ‘oé%r‘: j {Hehed ations, where,
a radrant tube that has
been heat ed by neans of surroundlng burners to a

ThEYrELEH LKA FB1ch ETRPL AN Ui oIS A B AU ooHA0.

nentsnmed/at uoas’atuc’mdm phrishat Eashocal ofrvelsichicomssts orf &. disper-
ical. for thle tenperature of the tube at the inlet

S'oé‘n ref9thRRed A% 900 0C and at the outlet end 1125 0OC
and up to 1200 OC. In the Swedish patent No. 467 414,

a disp ers on- stre%gt hened FeCrAl material is disclosed

Baﬁh@rpémdto t9edpyeRidCR hat the creep strength is
Coh@ﬁﬁ@%ﬁ‘ﬂ)abﬁé 6ff‘tﬁsﬂ¢>@r‘éﬁor¥ Bﬁbnbﬂférfé@it Piateriall Such b8YEY., Kanthal

['t, nickel, I'i con, manganese, zirconi um and

APM PéﬁHMTé‘@V\ﬁetMrn% oat Meﬂ r@@&hthq (e@treppents thehate made
on RS r&'oHe%r%ggﬁ 8%{%%51 dgr{;@am A haienhﬁeﬂaﬁ%té&arc% gg where,

m ni mum nt tubés are manufactur
e.g. hgasemerartedethrough alnadiarg tshedhehh@abeﬁn fmte@ bys*neans of

sufBhaPBINEE 1o Uil ees plal 1drhbe Rl 36: FEh Y afout

ion-s al™’
11@0 661 Zhei tobe @iheapsd)ﬁbemthmog’essdeat@mtzatpematurwlatmrhlcls the

sol v cordin t he at i.n.the .
chSiRiny ses e BrodtsqTypBAL RS RE eaidirhtR s ot dfpa pt the inle
end ontiae gasds 900D arm arméloumlat thdle250fC Bink wntb T2AD °C.

are formed in the charge before the atom zation, which

particles stick to the nelt nozzle being used for the

In tAE BWetRdH pateAdo 1467 4 141 & digidRsioRistrehghendd FELAI material is
sol ution consists of the char ge to be

disclosed where it is stated that the creep strength is increased by the fact that the

material is alloyed with cobalt, nickel, silicon, manganese, zirconium and titanium as

well as a small quantity of yttrium and hafnium after which the material is heat-

treated at minimum 1050 °C. Radiant tubes are manufactured from the same mate-

rial.

In the Swedish patent No. 513 989, a method is disclosed for the manufac-
ture of a dispersion-strengthened FeCrAl material by gas atomization. The
problem in gas atomization, which is solved according to the patent, is that in
the manufacture of a dispersion-strengthened material containing titanium,
small particles of TiN and TiC are formed in the charge before the atomiza-
tion, which particles stick to the melt nozzle being used for the atomization
and that the same get clogged. The solution consists of the charge to be
atomized being brought to contain 0,05-0,50 % by weight of tantalum and
simultaneously less than 0,10 % by weight of titanium. In the patent No.

513 989, it is stated that the material may contain molybdenum (Mo).
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atom zed bei ng brought to contain 0,05-0,50 % by
wei ght of tantal um and sinul taneously less than 0,1 0
waoerwg/10@sght of titanium In the patent No. 5 BRGI/SB®)5/000572

it is stated that the materd al may contai n nol ybdenum
(M) . Above, it was stated that the creep strength was

i ncreased by neans of a material according to the

patent No. 467 4 14. However, additional raised
requirenents on creep strength, ductility, as well as

Abb% Sﬁ%é@%&é&@#&tme%}ew%té%m waas mt;?ee@‘edsw thddHeof a

have been ad woul desirabl e to be able
mettenaiaamoadtngrf@ ﬂh@n@@tent Ul@e§5t7 h”a‘t4 ridewever iagdifiqiipl raised

req:1 %«%rﬁ%u&ﬁﬁp&%ﬂ 80ch g%ruc{l a&*b%h %quﬁelﬁr\%gggiments on

dIS paten pl'icatiron No
theb&rvicallifecofosad tubdihave beﬁmaddm atovaddiatgp berdeadaple to be

where h car pons rec ked. oeth | ene in _a, tube
ablEnBoRgnt it faes s et rFas e i e s s
lorlgle tipned s atetdioe sakd @i Ih&héttbre at whi ch cracking of

hydr ocar bons occurs, and is characterized in that the

tube is nade froma FeCrAl material containing, in

Thé@hédl@ﬁ ﬁa@eﬁleap Q:a%@n%u@yowmn 5afis&losed radialit Bybes in a

I ght 5-5 % by weight of Mb as well as a
crag;hmg fcyfrnagg,nwhpgp bydrgcpagnqﬁga@ gracked into ethylene in a tube

thr@h ﬁ%ﬁ&lﬁ’%@?éﬂﬁﬂ%%%@ HHiON $s ﬂéété@ﬁbWtH&@&sid&: to a tem-

Icati o re tem peratures upto 0 C occur.
pera’nuee al whidntiackingonf by rhce@mmur@na@d uswchaWCé%rlzed in
O, e-
s 5k G0N RSP S #SRAAVAIL B Con B IRRS S SRRy e
10+ % blye/seigﬁihef Cond+1tUCh | bgrwelghbpf Nranddl ,bR5 e bysveifyht of

th [ 1 thi h f act th
Mot viElens pRuTl iapldf ol Bl SPBRIET Trom che

out si de of the tube whi ch are pronoted by thinner
o84SR SR S B Sh RS Ba Bl i3 M o

pe @M fdsetb td\12005°U @@éuroﬂ'hiharh cEBIbih 3 B0 6 Aithycdestilztion githci-
to 17 m onlg‘jglan , for instance, be conposed of two

plegrthabreaties 0. eugbended subesdmgeaes SPECIUreduaRents on
Weldayr %‘g@%lgtnggg‘?eéﬁedméﬁ/ RTIROREHES Prie BORSIHIADH RMbptimized
in terms of the wall thickness. The decisive factors are the service life and a
maximum heat transfer from the outside of the tube, which are promoted by
thinner tubes and higher strength. The strength of the tube has to be chosen
so that at least the dead load is carried. A construction part may typically be
up to 10 to 17 m long and may, for instance, be composed of two or more

parts, e.g., tubes, welded together.

Upon joining of one or more components or construction parts where at least
one of the parts is a dispersion-strengthened alioy, wide zones including pre-
cipitations of, e.g., nitrides and/or larger oxide clusters occur, which results in
a considerable weakening of the construction at said welds and jointings,
respectively. This weakening means that the joint in the dispersion-strength-
ened material at a certain combination of temperature and load does not

meet the strength criteria for the construction. In many constructions where
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one of the parts is a dispersion-strengthened all oy,

W de zones including precipitations of, e.g., nitrides
wa@e@sa0s3bar ger oxi de clusters occur, which resedCT/SEIONS/@0572

consi der abl e weakeni ng of the construction at said

wel ds and joi ntings, respectively. This weakening

means that the joint in the dispersion-strength ened

material at a certain copbination of tenperature an

. 3 d
dispggriopoieenahenedmatreakisr eirst Hhe deaagh iogdriy the frgest load on
themrftt. vl @Re, it s ABNYoSABRL fUERILPES the wall thickness on the

A edi spersi on-strengthened material is used, the
entisati Deciadorider thaneeirdpsign cotariain theegindi since e tasicoihen
W ibl et | 4t RLGK -
ncfgasds pa M Mo Pl gl ot G BT BoPResianle
to ube g thickersvalttharhia daractntioenl dasigeaddbe thbs®ohsbocton.

.cost and heat..transfer point of vie it t .
wifolle, Aot oot 0TS eRhsarihm PrrEniif che s kRimasie ponsist-
ingdefsa disprsiomestremgthensd tallagt tmmé&hbhiddnetrﬁugﬁosretr@‘ joint

oi ni construyction parts t ne.or bhot arts
falls Grdtalp tengalue 13 cana ot the RpHe Mo sl &5 coRspavence
of TFRCASKE Setiry Pleb@Rg! Mhishertafs tRatwefd Sinfgshéd thet I form
val ue_in conparison with the basic material as

poteniiab sberitonsy of fiacteessary heating. This entails
that welds, joinings or the |ike form potenti al
i ndications of fracture. Sunmary of the Invention
Summmeanyf @firtbe linventiomn obj ect of the present invention to

Cd : e _
OB R JFLHR nd LA EOIRAIED,pr e e
joinihgroonm penexiisyat ast phbed whisbdvanists ef acdispérsion-strength-

el i_m nat.ed d the constructi.on,i timzed - ai.l ed
enggalpY SR BF Amerdnaniatnd SAevSr8Ben e alffifited and
thepeandttlesion iseiptiodizédr j oi ni ng constructi on parts where

one or both parts consist of a dispersion-strengthened

al oy by conbi ni ng known joining techniques wth
DefdiR¥SDESEHptRsh 6Nty BR@ALbnof the joint area with the

pur pose of i ncreasi_n% t he stre&%t_h_ iin the t] oi nt and
Thmras%ntéayew&'bee@w $ ¢ mediad i jginingeanttryign pes where
oné @RBotIS paRisddidoftd8ishePfon-strengthened alloy by combining
known joining techniques with cross-section enlargement of the joint area
with the purpose of increasing the strength in the joint and weld area,

respectively, to such an amount that the load is carried by the tube.

The present invention provides a method for joining construction parts where
one or both parts consist of a dispersion-strengthened alloy by cross-section
enlargement of the joint area before the joining with the purpose of increas-
ing the strength in the joint and weld area, respectively, to such an amount
that the load is carried by the tube and the use of the construction part in

high-temperature applications.

The dispersion-strengthened alloy that is used in the method according to the
present invention has a composition according to the following (in % by

weight):
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The present invention provides a nmethod for joining
construction parts where one or both parts consist of

W@ 2@s4pB65i on- st rengt hened al | oy by cross- sect PONSE2005/000572
enl argenment of the joint area before the joining with
the purpose of increas ing the strength in the joint
and wel d area, respectively, to such an anount that
the load is carried by the tube and the use of the
construction part in high-tenperature applications.

c The di spegsioass strengthened al loy that is used in the
nmet hod according to the present invention has a

Si conposip éOatcording to the following (in % by

Crmeight)'égég)to 0,08 Si upto 0,7 C 10-25 Al 1-1 0 M
1,5-5 N% up to OA bal ance Fe as well as normally

AloccurrihglOnpurities It is preferred that the materi al

I\/Iocontain 5S Iler fractions of one or nore of the

al l oyi ng~elements hafnium zirconium vyttrium

Mnni trogeup te¢8rdon and oxy gen. The present invention
may 3@ var i g in resgect of .the material conposition

balapsed PP WRlgaF APAHG2LEY PGFHHYSIBRWIHSS t hat have | ow
content in the material. In order to be able to use a
di spersion-strengthened al | oy, the wall thickness of

It is pecfesiest that the maigrial sontging swadar HaghensRf pngtoriRare of

. r I- o . r I

the) Qg el R, AR TR MOBSR. SaMn anp oy

gem.n conparison with conventional design. The | oad
experienced by the joint is calculated according to
equation 1. Equation (1) s = F/ A

The present invention may be varied in respect of the material composition

above all regarding alloying elements that have low content in the material.

In order to be able to use a dispersion-strengthened alloy, the wall thickness
of the construction part should be enlarged only at the joint area. No notice-
able increase in dead load arises and the heat transfer does not become

altered in comparison with conventional design.

The load experienced by the joint is calculated according to equation 1.

Equation (1) o=FI/A
o = Tension [MPa]
F = Force IN]

A = Cross section area [mm?]

If the force F yields the creep rupture criterion oy, for the joint, e.g., op = 4
MPa at 1100 °C/100 000 h and the strength in the dispersion-strengthened
joint is o0 = 2 MPa, the material cannot be used in conventional design of the

joint.
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s = Tension [MPa] F = Force [N] A = Cross section area
[mR] If the force F yields the creep rupture
wa@eoosaoizen o for the joint, e.g., sb = 4 MPa apPCL3BD05/000572
C/'1 00 000 h and the strength in the
di spersion-strengthened joint is s = 2 MPa, the
material cannot be used in conventional design of the
j oi nt. However, if enl argerrent of the vvaII t hi ckness at

HOW?é’Wo!“rﬁ”'%@@ﬁ“F@ of ipe WAllthiginass 2t the Ipid éaa v epiployed,
wh%rQA isBinbAARId B, £g;, 4 RtbPHES, the MMEEIRE, '\Aﬂ'ﬂé‘ﬁ‘@ﬁﬂgﬁéinged

yi el ds a reduction of the creep rupture criterion by
yleﬂdﬁ:tad'ﬁddﬁtlgn of the secammBP iR ollerion by adaatoriafa. lnribe case

ab{i{}ge@é H%aﬁ)seth%ﬁ lt déeﬁhéé—:'bstu}et Eﬁ%‘?ﬁﬁ |fsroc€8|r§ s%ﬁfpgﬂogﬁ; 4

I'n the
MRa tdoot, ¥ padpas auohths stlremagthandhepemhvdmrstcrrmglt be‘menarts con-
iteri.n

-al Loy thereb the des
sish ! EbERiT s enaare AR RsRby MesRdng dheld® ofiftton.
follomnng sb: F=F1 [N A=A [mZ] Equatlon (1) sb
F1/Al Ln the case with enlar t he |1
In 15 €35 CaRUTONa] desian SR BY Q) iglis e foPwiRg o
relatlon to conventional design, equation (1) yields:
F = N] Equation (1) sb = Fi/2Ai The desired
'eﬁharg nt of the wall thickness of said construction
A=P rts t 27are to be joined nmay be achi eved by a
ural i Jf manuf act uri ng net hods such as forging,
HIP-|ng and turning. In high tenperature applications

construygcti naparts of the above-descri bed
Eq%{'e? |(E\f_6e| ng u%c§edﬁ (sﬁe tube length frequently

exceeds 6 m This entails that forging is the nost
in ?ggt%%eeg\?vib ?[gcetrﬁl?%ﬂt cgfoth)a]vlvalnt miekRe sw\?vhg' %l ?éc’ased by a

factor of 2 in relation to conventional design, equation (1) yields:

F=Fy [N]
A=2A; [mm?

Equation (1) — op = F1/2A4

The desired enlargement of the wall thickness of said construction parts that
are to be joined may be achieved by a plurality of manufacturing methods
such as forging, HIP-ing and turning. In high temperature applications with
the construction parts of the above-described material being used, the tube
length frequently exceeds 6 m. This entails that forging is the most cost-
effective method for joining or welding tubes to desired construction and/or

length.

Thus, the geometry of the tube at the joint having enlarged wall thickness
does not affect the flowing properties in the process significantly, neither on
the outside nor on the inside of the tube. For practical reasons, wall thicken-

ing should have an extension in the longitudinal axis of the construction part
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| ength. Thus, the geonetry of the tube at the joint
havi ng enl arged wall thickness does not affect the
wo b@silog36pr operties in the process significantPgT/SE2005/000572
nei ther on the outside nor @©n the inside of the tube.
For practical reasons, wall thicken ing should have an
extension in the |longitudinal axis of the construction
partand of the tube,: res?ectlvely, of at least 30 mm

a”‘i*h‘g the syBe seasprestivalioaf I?@Séﬁlodr'gbdﬂiﬁ/c%@’rﬁ;saﬁﬂ%'ﬁ’ﬁ gheatld be
en%rﬂeﬁﬁtaﬁ%{cﬁﬁﬁ‘mgﬁaﬁ l%a‘éb@oh@@ﬁo%f@ﬁ?@l&a‘&a&eér@ase that is
, the cross-section enlargenent
aimeg @tsied.y the cmﬂfsr seeiin eonlargemeohis invesaly rwgom@rtrphel to the
' h according to the present
Ioaﬁ%@% rd r?agq SO %(1 a4 gggg%nt age that one or nore
construction parts of di spersi on-strengthened and/ or
inles

Th%w§®$¥0#h@% tﬁ]&)prg&?m; mv%a’trpa effﬁ% hﬁrﬁégSt ed%ahtage that

onkfahbieDBoMgtBudtitt paitadt A droiohesteanithbpe@fandadki dither mate-
use of conventiaonal methods, such

. , €.0.,

”atsoﬁ\l/‘éﬁtqsoﬁaﬁﬁ-’\ﬁ@'ﬂf%ﬁ@ %@errrcenfrtﬁrq'rr%g-j oi ning of the
forged construction parts, which is a sig nificant
factor in respect of construction and assenbly. A

Thpdssihvdeagqasdinodo thgreeant tyengpnthaseie; aﬂmao@ te he
caé@%l.@%* ASER olrsrégoreoﬁ ﬂ% AthbY el dHPRs | gsoc&rﬁ)en%nar

6} I ant tu S In crac ur naces. n crac
welding aseblGfordhiayibisnirg bﬁth@t@ged mamrsbwatlbonrzar@r avhrch is a sig-

nifRE KEol [ R opLlY bE ot lhan KR octlill conot i tutes

eria IcsIn ‘Radi ant tubes
occur in a cracking furnace wher e hydrocarbons are

A FRTE i o8 2Pp Ui P ek inG e Ret matisd oppiging to the
prefseeit inveaitionyidrseceasiahsadiaet ubdstinrepagking fuaticast tube

that has been heated by neans of surroundi ng burners
to a sufficiently high temperature at which cracking

In @r%u r? furRaced6f anme@@mﬂna&égoh robafb shiteetrd cked bto
formed in the tube. Typically, the tenperature of the

ethylane. 412G Rd1aG whicBrrpnstityles 3yraw matspg! trr theplastiqgsigdus-
tryoutl et end approx. 1125 OC and up to 1200 OC O ai s

Radiant tubes occur in a cracking furnace, where hydrocarbons are cracked
into ethylene in a tube through which hydrocarbons flow. The cracking takes
place by the fact that hydrocarbons are led through a radiant tube that has
been heated by means of surrounding burners to a sufficiently high tem-
perature at which cracking occurs, for instance about 1100 °C, for ethylene to
be formed in the tube. Typically, the temperature of the tube at the inlet end
of the gas is 900 °C and at the outlet end approx. 1125 °C and up to 1200 °C.
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1. Method for joining one or nore construction parts,
at | east one of the parts consisting of a
wale@paosson- st rengt hened alloy, ¢ h ar a c t BCT/SE2085@0572
d in that the cross section”in the joint is enlarged
by forging before joining. 2 . Method for joining one
or nore construction parts according to claiml1, at
| east one of the parts consisting of a
Clalinsper si on- strengt hened all oy that has a conposition
according to the following (in %by wight): Cup to
0,08 Si upto 0,7 C 10-25 Al 1-1 0 M 1,5-5 Mh up to
1. Blethddfaromifg oas mvehbr@lsonairrndlidrypadeuaﬂe@gt one of the parts

coldIih b 5oL SRy R S

theus®sk s aetigh-ih ehpgoiat lﬁenlap@éd batforyisg deforenpéariagur es
above 900 0C. 4 . Construction part nanufactured
according to the nmethod according to claim1 and 2 for

2. iaen &t forl jBirfin@ekeng heréaeastrubtion fanstaceetding tpaldim 1, at
manuf act ured according to the nethod accordi

leagt anenof thapagts Ginsiginthef erca%eﬁnswra%nametn@g. lovethat has a
coﬁéf)éﬂlonrh&é%‘?dﬂn@'tBtthbeoHG\%fr%aﬁﬁd/o DY w&igHe: sect i on

ar gemen
C up to 0,08
Si up to 0,7
Cr 10-25
Al 1-10
Mo 1,6-5
Mn upto 0,4

balance Fe as well as normally occurring impurities

3. Construction part manufactured according to method according to claim 1
and 2 for the use in high-temperature applications at temperatures above
900 °C.

4. Construction part manufactured according to the method according to

claim 1 and 2 for the use in cracking furnaces.

5. Construction part manufactured according to the method according to
claim 1 and 2, where the creep rupture criterion o = F1/A1 in the joint is

increased by cross-section enlargement.



