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Development of Niobium Alloy/Stainless Steel Joint
by Friction Welding (1)

Taiji KIKUCHI and Hiroshi KAWAMURAT

Department of Engineering Service
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received July 20, 1988)

- The niobium alloy and stainless steel have been jointed by the nicro-
brazing method generally. However the strength of the jointed part is
weaker than that of the mother material. Therefore we developed the
niobium alloy(Nb~1%Zr)/stainless steel(SUS304) transition joint by the
friction welding method. As the tests for the development. We conducted
the mechanical tests (tensile test at room temperature, 300°C, 500°C and
700°C, torsion fatigue test and burst test), metallographical observation
and electron prove X-ray microanalysis observation.

Those tests proved jointed part by the friction welding had enough

properties for general uses.

Keywords: Friction Welding, NblZZr/SUS304, Tensile Test, Torsion Fatigue

Test, Burst Test, Metalographical Observation, XMA Observation
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BFFREOBHABIE ARBOBEMICEN T, BEUESORLEVSYEHESL L, BE
ODEEBESEZEAMBRFME L THRBEINTE /.

TAI=T a8 (A1050)/ A5 v VA (SUS304)" » Yna=uas® (Zry-4)
SRATVRAEY ORMBFY, BEFEEEERFIALT, SBEORHNHEOLDICERILLSQ
22H 5,

—F5, BB LEABRHRFHAEEN TREOENEHHFRO—BRELT, JMTRTIREMD
UEPURTZAA 4 —7TF » T2V BREERICH T, GREL¥ABRHEFORERTHE
O#GEM (He ¥ X)EEIL 950°C (AL, #HE850°CThH B0 ZHIBELTHL, HENTH
Klovoeys rOBERERES 1,350°C~1,550°C KET B30T, JMTRIZBT 5 HEEER & #®
¥R BE 1,400°C ~ 1,600°C #H&E L T 3,

LoD, BEHABRA++ 7 VONFERZREEE 1,000°C 1054, 2O0EBKEIREVTS
THEEEEEL, MIKELERL, BN EEONSONV—IZ Zr8EBERE AT 3%

Lol, #+ 72 VvOARHBEMEL T, SUSIM AT Y LAFEHE—BRITERSH
Thaiced, RARRDPOME RS —TE2IT5 V208K - FKHONb~1 % Zr BEEARB&
AFROHM TS US04 A7 Vv I AEMEBEICERT ILEPH S, BRIZBETITOCENES
L, MBEBOHEIEIND- 1B ZrG2BEH2BTHY, pURREETHFL, LAt-T, B
i Fig LTAWWARTND-1Z ZrMoBEEL2F O O—# (NICRO BRAZ) KL DESEAITT-T
W3,

A, REEESCEERS NS, WEE (MFEHEE  500~700°C) #EET 53 &,
O-#FHFETEHEARLLBZLHELZONSDOT, Fig. IBIRRT LU N— 1% 21545
HRAT Y LAFMERBLUALRMBEILETH S,

RESEOESGFEL LTRE, BEEEYS « BESY BREEY  BRIEHEY 4L
PHd. UL, BEE TRHEEEEAZFALAND - 1B ZIGE£ LA 7 v L ASO T A
Ll b, TN, NMb—-1ZBIrE2 L AT Y VAHOEBTIETOESHRFORFEZEE
L,

AHEBL, Nb—IFZIASERTF VY LABOBRBREBEFES L UAMLAZARTIHOK
EHHABROEREE LD bDTH S,
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Fig. 1 Jointing methods between Nb-alloy tube and stainless steel tube
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CoDeREREGIHLOICE, GEORARTALEZETRIA0oREFAT 2HE®ELY
bLEI R EN DD, REOBHEE LSTVEERLE, FETOLLERmME®mML
A, EBELTEESY2EEFEEZSS S, L L, SHTEENOAXSLSBOARER LT
ELBROLSICEFITROBER I CARIETHATLIIR, BEANA2ET 20T, M
DEFBRAB TS L0, FRCNBT I EPBETSHS, COMNBMEE L THER
DEESAFNBALEALOVBEEBEEETH S,

BEEFELE, SEbNETcd2¢B LB REBCHI2RBEBONBEERFEA 20T, #
ERZERATELALNEE L TLA SR, 2FLEIETHENEREE Yo LTHG,
HAEMATESTEHETDH B,

BEEZEOEMERUTILRT,

(1) BAMIIFICHASEINTED, B EBLobBTasicn,

2) ARVHEHIPHOREEEOLHEMNEIETH b,

(3} HEEMAEIC, FEERISFL LMo~ DOHREE LD,

4} EEEMHEBEIT NG, —EX4THHERPIHKLIALOBBEELL L,

) RRFBLUEENEOESENTE 5.

F i, BEITEFOEMEZLUTICERT,

(1) HEFEMOMITHNEOEDLNTVIERKOEDIE, FEIEETH S,

2) ZbDHTHEHEOAN SRESCHETH S,

3 EgE, YVORERVUHNIELETH D,

Table | REZEFECLIZE2BEHAGHOBERAEBEELFRTH, =2 748L2E2F LR
MOBBESEC SV TR, REBREU-TH D, BEEER, 7-ABPEFC - ABER
EOBRBEETIESRENRESBOMASGH TLEAVARETSH S, INiL, BEEE TR
PUHRBLIEMBEASLVHIZ2OHFO VI, EHEENEL, BRI AT AECIR W
FeHThHh D,

22 &% #

=4 784 (Nb—1%Zr) &R 57 v 28 (SUS304) DESHEELTH, 40b v 7L —
FAEEEER (WA WF4DR K0T/ FRHLUABMERUCERERMES EE2UTICRT,
B DILER S5 L CYEAHE % Table 2 R ¥ Table 3 KR T .
1) @HERH
=764  Nb—1%Zr (¢ 15mm)

_3_
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RF LA SUS304 (¢ 15mm)
(2) HEEHE
Tr—FRgickEd AREESRGRT R, B - BEES (BEEIEZMEER TR
Libm) 772y PEN (BLBEOHAZRZRMBIEETHRLLDD) RUT 7 x
v PR O (FEEBEOTELRN®ELOE) THD,
HMECHih, FEIBFRCLIVBELEOLNLLITFHELHFEZRD, ROTHEEEEZITH T
G Lt '
BEBFERHER, FTHEEGIZDVT, FERILAT ) 0RE, TEHOERKRUE
Bieso b5 BOERIDEDL LK LI, -
FHEFEQOIERBOSRE, BHERE (266kg/mm?) KIVWEOHEREBOLNLDT,
A TEELEAT Y LVAHOBEEBEER, FEARSHE L TEREZRCID p -1
BEFEOREEHFEZLTIR AT,
O BEEHEEE. 7L-+R
@ @ #&m ¥ 2,000 ypm
@ E®EE N 15~20keg /cm®
@ FE#E KM 0.1 sec
& HEEEGTHE . 15mmeiLiE
® [FHEERR D 110 MK
., EEBOHRMERE Fig 2 KR,



Table 1

Materials combination of friction welding
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Iron

Cast Iron

Lead

Molybdenum

Nickel Alloy

4 Niobium
Niobium Alloy
Silver

Silver Alloy

Tungusicn
Vanadium

@ | Zirconium Alloy

Aluminium

- @ | Brass

© | Copper

& | Nickel

@ | Alloy Stee!

O | Titaniom

Aluminium Alloy

© | @ | Aluminium Alloy

W | @ | Carbon Stecl

O | @ ] Stainless Stee!

@ | O | Ceramics

Brass

o

Copper

OO0 ||| Aluminium

(9]
]

Iron .

Casl Iron

Lead

Molybdenum

Nickel

Nickel Alloy

Niobium

Niobium Alloy

Silver

Silver Alloy

Carbon Stee!

Alloy Steel

Stainjess Steel

Titanium

(2NN BANENANE ISR

w O OO

Tungusten

Vanadium

Zirconium Alloy

Ceramics

G : Good Welding
B : Brttle Welding

I : Impossible
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Table 3 Physical properties of Nb-1%Zr and SUS304

alloy Nb—1%Zr sSUS3014
Property
tensile strength 26. B8 g4. 0
(kg/mm?)
0. 2% yield strength 16. 3 32. 5
(kg/mm2)
elongation ( % ) 34. 0 82. 8
hardness ¥ Hv 102 He 152
density (gr/cmd) 8. 66 7. 82
melting point { T ) ~2, 410 ~1, 410
thermal conductivity 0. 10 0. 0389
(cal/cm?/sec/C)
coefficient of thermal 7. 3X10°8 16. 7TX10-8
expansion ( ¢T1v )

% Hv 102 = Hs 90

$15

Cone ! Cup {8l
(Nb—l%Zr) (S US 30 4>

Fig. 2 Shapes of Nb-1%Zr and SUS304 for friction welding
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3. ¥ ®E ¢ flb

SEGEELIZND— 1% 218549 & SUSSMMRAF Yy L ABOEMBTIR, &L THEBESEER
HTNb— 1% Zr N ER G 5+ ¢+ 7t L icHIAT 3 FETH S,

LDfcdh, BMMFLBFATOXRHKBELE IO LI L EERAT LD, MTERT LN
BEOVERE MR EFERBL .

(1) 5IRAER
bR DEFTRR
VooN— 2 bR
) SRR
b XMABE
ChoDRBERECO>VTUTRFAY

3.1 BIRHER

iR, S HM (type A~E) oFHBFoNVWIhbhoRBFE*/HAVT, EE&E « 300°C
S CKEV T CORRBELDVTEELK, £, Type AKUBERHWTERT, Type
CRUDEMRHWTTI0CTIRHABEIT-> 7. ERETOOCTENTN24 4 TOHABREHE
WiEHRE, EBCAERTERT S L8E L, #IK (bar) EEWR (pipe) it L2 HBED
HEZT570TH 5,

Type A U Type B ORBHEIRE R~ Fig. 3 XU Fig.4it, ¥ Type CEU Type D
DR %EZ & 4 Fig. 5 RUFig. 6 itR"d.

EALLSIRABBOERITROEBD TH B,

H =] % & 700 °C
(1) A T oA 7 —RHEEE BEA-NS57
2) BAME 50 b - 10k Y
3 HABAFHE JIS Z 2241 JIS Z 0567

SR O R % Table 4 R U Table 5CRT . %4, ZRIIEARAN - RONBEHEI,
BRARS (Type A)% Fig. 7T & 8ic, EWRERF (Type B)% Fig. 9 £10iKRd, T00°CH
molRERA - ROAEE R, BRKEAEN (Type C)% Figll& 12k, FHREAB H (Type D)
% Fig13& 4R T,

HRIABRBTHE, TRCORBABIEBEES SWIT LTV 5, %758%sE, HBRAR
T 2212~29.15kg, / mm* TH D, EREBRH T23.26~26.13kg/ mm* TH 3,

BREBRN CERRRN CE I AHEBERRD ONE -7, $H3ERS IOV T,
Nb—1%Zr & &M EE (26.6kg/mm’) LH~, FHETIUH~BHTHD, BVEELE

— B —
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REFER T -4 PELNT,

— K, T00°CTOHEREFIRAB TR, BRABFOSEGOBMMEI T XTEEE TS 5248,
BERABFOESRZ, 3ADOIL 2AMBN-1ZZI& B THEMBMHBEL TS, 3/, FHERS
i3, BRARTI2Z~16kg./ mm*TH H, ERABR T2 ~22Bkg/ mm'Thd, BE, FHod
ERCOLTHAT A ERIGECERARFNE, BREABFCEXTH 4GS g RHRI N
Hohif, Soit, 5[ EEIOERLLOHE LI, BEUBIZ >TSS, BRABRIIND
~1 FIr AL MBTHM T 25 - 282V EEDbN D,

Wiz, FR L 300 CRUSW0 CeBd 5 RHBEHEBL 2. AR, WFhoRERHE
T4 Figl5iRiT L3 RETBOTEE 6mmo, D AHHMI2, BRE100mm® Type E %
V, EERRETTOGREL LK IUABREL

SIEHBROEHR, ROLEDTH B,

1 = XA vRbD Yy TREARKE (112580

20 &% K ff & 10ton

Q) HERERE  RAREECH 0.5%

(4) & B # B 27uox~y F (0.05~500mm min)

(b) #® B B +01%

SlIRABROFE R %L Table 6 »» 5 Table 8 iTRT, £/, El » 300°CR TV 500°COAG|ER
B« BOABHEEE Fig 16 5201 R T,

ZRGERB T, §<TNb 2&Ml» oml L. £451E®EXE, 28.3~313kg mm?
ThHh, MO 1T3~180%TH 1, SlEMIERMEELAET 2L, HEERLS ¥
3LHORBREREECHREAEAR LTV 5,

300°C & 500°COEERBIT 27 ERBTIZ, 300°CTIEHRDS L 1Ay, FEHEA» OB
W LTWwd, UL, 300°COEO 24K ES500°C2ARE, §XTNb Sl THMLZ, £/
BiakaR &3, 300°C i3 1893 (AT HM L& D) ~21.05kg/ mm’TH D, MURBEEELT
B LAbDEBRVTISIBTH - /oo —H500°CiKBOTIE, 5IEMEF 21.156~21.25kg
Smm? THD, WU 16.8~17T.0%Th - 7o

SETHRNTELIIRESSREOEELEERLA-SD%, Figl2lekxsd, LD, 700°CiK
BUABRIERBO T — 5 2K E, N1 Zr &M EBRASENIIERI B O

32 RULOEFEER

RUOEFABRTOERE Fig22icmt, £RABRE, X4A0AFMGAHEZELIETT, BOK
BRELZETCORKRLOLDIKAERLAIDTH D, i, Nb—1%Zr& &3 (H¥EN 1 ~
3) LHEHHBETF (KN4 ~6) LOREEZITI LY, BABRTORARET - 2,

ABREOTHERETEAAREmmE L, EBEMEGEITHROPRE Ui, &5 KMEIETD
ks, RBgicBoMg 5D, 2hARO—HEZERBITMIL .

RUVEFABROAZZILTOEEOTH S,
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1 &= B # D2 Vv ZAERUDEN B
(20 BELWULHEE 3000rpm
@ & &= W A ¢ 1.5kegf/mm

10.0 kgf /mm®
12.5 kgf /mm®
RO EDRBOFERSE Table 9 KR g, £/ Figldic, ALY AFMSHSIEHE I TOE
BLHENOMEFZEEZTRT S - NHELZRT .
ARBICEE o N R BR ORKEA] - ROEHE%, Fig2dh o Fig2TitiRid,
Eﬁ%imaﬁﬁﬁmgwr AAKINe 4 LEEE L OEHWE L A48, HE NS5 ENb-1%
BEORBMITROTEFHEBEBNEC TV S, Fig230 S —~ N 5, E%%i%@ﬁ%@
Bid, Nb—1ZZriE L BREEAFOREAEELTVDENZR b,

33 W= pEHE

N2 PRABRF OB « A FigBicrnd., ABRF G, Nb—1% ZragflickER v 7 &
BT 55 VMITETV, SUS3MRF L A#MAIRERREZBETAREL L, £/, #
BAROTHEEIWNZIImme, ARBmme L L, SoRFEFEMNEIZBHR EITHO P RC
AEOTREL . '

N2 bABOFERUTOEEDTH S,

1) -2 bPREE . FHAKERVT

@ B 5 &t TR vER, 15
3 #H B R E . ZE @&
4 = B 5 ER:FEHEREEWE, 300kg/cm® TTRAEEOCEE L L, 300kgcm?

Vit ot 5 E Tidl0keg/cm? X7 v 7 TCRIAT » 75 BHERSH
T 5,

N—Z b R DR E Table 10ITR T,

RS, TNTORBRRFIFEESLTHINV- 1% Zr A& M THE L. BEBIEHE—#OD
ERMEOEATESR

c=P +«D, 200t
TitBT 5L, HAHBOIESIE 34.65~36.85kgf /mm?& 700, WETT -y ERXBROE
B (Max:29.15kgf /mm?) LTIy -+ OfE (266kgf /mmHELENTERIFNMBENR
=T b,

Fig29Rk U Fig30icid -~ 2 F A BE - BORBRROABREELAR LM, KEBEERE
BWMEON—1ZBZr&&Alic 2mm S S VWEBN A A SIS D, ~N— R itk AR E1}10m
mEBEILEL TV 5,

CHhEDRERED, "X PRBEINV- 12120 0B3MBETEYD, Lr&MARE
OWEILTEIND-1%ZZr 223 MH O RBELASEUETH -, T, FRRKETLIHE
HRE+HRKTBEERHL TS EVA S,
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3.4 SHEE

SHBIER, RROFEBEIERFICIVEFLMEHEFKC >V TEBLA, 48, #l4D

ZMABILUTNOMELCLIDIT - 2,

L 73 (0.5rFT) K&LDMHBMATDE
(20 SUS3M4DERL v F v
® =x o Fv 7 HCl (3lcc) +HNO, (1.7¢cc) + H, SO, (1.0cc)
@ T Fv M 30 Sec. SWAB'
(3) Nb—1%Zrdit¥Fzx ., F 7
s Iy F ¥ZE I H,S80,(10cec)+ H,0 (10cc) + HF (5cc )+ H, 0, (10cc)
eIy F WA 30 Sec. SWAB

AR EERFECOVT, Fig3lO2AEMEEICRTMNE, THOBESED fLE
(AR &, PLHLVAM~2mm (BA) KU¥4mm (CH) O EKET 5EEREGH
ZEMEHET IS0 TH 3,

Figl3lH & Figddid, 2RRUEZAEEHOLHEETH S, FRILEBENIMETH
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Table 4 Results of tensile test of transition joints (type A & B)
at 20°C
Dimensions(mm) Tensile
Specimen strength Fractured Remarks
No dia. in.dis.| (k g./mm?) position
i. 13.05 24. 67 felded bar
interface
2. i3.05 22,12 felded bar
interface
3. 13.05 29, 156 felded bar
interface
mean 25. 832
4. 3.0 | 517 | 23. 28 ¥elded ! pipe
interface
b. 13.0 5.12 23. 38 felded pipe
interface
6. 13.0 5.17 26. 13 felded pipe
interface
mean 24, 25
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Table 5 Results of tensile test of transition joints (type C & D)
at 700°C
Dimensions(mm) Tensile
Specimen strength Fractured Remarks
No dia. in.dia.] (kK g/ mm?2) position
7. 10.00 15. 00 felded bar
interface
8. 10.00 16. 00 Felded bar
interface
9. 10.01 12. g0 felded bar
interface
mean 14. 30
10. 10,02 5.00 23. 00 Nb-1%Zr Pipe
11. 10.00 5.00 21. 00 Nb~1¥%Zr pipe
12. 10,00 | 5.00 22. 00 Helded pipe
interface
mean 22. 00
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Table 6 Results of tensile test of transition joints (type E) at 20°C
Dimensions{mn) Tensile
Specimen strength Elongation Fractured
No dia. | length (k g/mm?) (%) position
13. 6.00 40.0 29. 64 17. 3 Nb-1%Zr
14. 5.00 40.0 31. 31 18. 0 Nb—-1%Zr
15. 6.00 40.0 28. 30 18. 0 Nb-1%¥Zr
mean 29, 76
Table 7 Results of tensile test of tramsition joints (type E) at 300°C
Dimensions(um) Tensile
Specimen strength Elongation Fractured
No dia. | in.dia. |[(k g/mm?2) (%) position
18. 6.00 4G6.0 21. 0B 18. 3 Nb-1%Zr
17. 6.00 | 40.0 18. 93 1.8 Rolded
interface
18. 6.00 [ 40.0 20. 87 17. 3 Nb-1%Zr
mean 20. 28
Table 8 Results of tensile test of transition joints (type E) at 500°C
Dinmensions(am) Tensile
Specimen strength Elongation Fractured
No dia. | in.dia. |(k g/mm?) (%) position
19. 6.00 40.0 21. 22 17. 0 Nb-1%Zr
20. 8.00 40.0 21. 156 16. 8 Nb~1%Zp
me an 21. 19
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Table 9 Results of torsion fatigue test
Specimenistress fracture c¥cles Remarks
No (Kgf.”mm?2)
1 " 12.5 7.19 X 104
mother
2 10. 0 8. 88 X 103 materials
{Nb-1%Zr)
3 7. 8 1. 26 X 107 X
4 12. 5 B. 68 X 104
transition
51 10. 0 ' 8. 23 X 105 joints
. (welded)
B 7. 0 1. 93 X 107 ¥
(¥%: Non fracture)
Table 10 Results of burst test
Specimens Dimension (um) Pressure Hoop stress Bursted
at burst at burst Position
No. I.D 0. D (kg/cof) (kg/mof)
1 11.00 13.00 8650 35. 70
pother
2 11.00 13.00 6§30 34. 65 materials
(Nb-1%zr)
3 11.00 13.00 670 36. 85

g it e e 1
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friction weld
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Fig. 3 Rodlike Specimens of tenmsile test at 20°C (type A)
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Fig. 4 Tubal specimens of tensile test at 20°C (type B)
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friction weld
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Fig. 5 Rodlike specimens of tensile test at 700°C (type C)
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Fig., 6 Tubular specimens of tensile test at 700°C (type D)
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Fig. 15 Rodlike specimens of temsile test at 20°C, 300°C and 500°C
(type E)
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Fig. 20
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Fig. 22 Shape of specimen‘for torsion fatigue test
5 Torsion stress (kg/mm?) i
non fracture
10 - V
®-O—
5 - O 8 transition joints
‘. a mother materials
0 b L PLET I R | I B SN A N 1 | I S I A )
104 ' 108 108 107 10%

Number of cycles to fracture (cycles)

Fig. 23 S«N curve of torsion fatigue test
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Fig. 24 Appearance of specimens  Fig. 25 Appearance of specimens
before torsion fatigue test before torsion fatigue test
(mother material) (transition joint)

Fig. 26 Appearance of specimens Fig. 27 Appearance of specimens
after torsion fatigue test after torsion fatigue test
(mother material) (transition joint)
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Fig. 28 Shape of specimen for burst test
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Fig. 31 Metallographic photograph of
transition joints (whole view)

0.1mm
Fig. 32 Metallographic photograph of " .

transition joints (part of center :
A point)

lcm
Fig. 33 Metallographic photograph of Fig. 34 Metallographic photograph
transition joints (part of taper : of transition joints (part of
B point) taper : C point)
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Fig. 35 XMA photograph of transition joints (A point)
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Fig. 36 XMA photograph of transition joints (B point)
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