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Filler Metal Development for Hastelloy Alloy XR
- Weldability and Properties of Weldment Used the Filler Metal
for Thin Wall Structure -
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The present report describes the results of cooperatative research

in order to evaluate the weldability and properties of Hastelloy alloy

XR weldment with the filler“metal fabricated on the industrial scale. A

series of qualification test was performed using the filler metal, of
which the content of the minor elements such as boron was optimized on
the basis of the results so far obtained by the filler metal development
for Hastelloy alloy XR structure with thin wall. The boron diffusion
behavior, weldability, and the properties such as corrosion, aging em-
brittlement and high temperature strength were examined on the Hastelloy
alloy XR weldment by means of tungsten inert gas arc welding procedure.
Based on the excellent weldability and weldment properties as well as
the mass production possibility for the filler metal, it is concluded
that the filler metals possessing the required performance has been

developed.

"Keywords: Hastelloy Alloy XR, Weldment, Filler Metal, Boron,

Weldability, Weldment Properties
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MU AHOESHARN T TS,

* Bz, 28EA03 BRIt wTid, 7 —THREEEH LRSS -0, EfEFT PRS2
Eps, FOEHRE) OlnassB L FITMA 5 W) At 7Y,
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3.3.7 ANYYLGREELAR
1 B 8

SEMEAE R OSSN E SETERT 386, BERICH AN ERRED 1 2
ThD, R, NAFOALRBEEOEERICEL T, Sk bRIsRIEE, 7Y — i
B, 7 —FIEHREENE, L EAE - TS, B OELE TROBIE/LELFHERO
HEIC L T, FRROBHNARBRTELIRMLEEL, £IT, IOF/ICHRELBEIME
TEEHHE (500ke) THASIL, ZFOBEMMEROTTICEEELET - IO, &R AF—IR
IEHERA Y ™ LA ARSI B RBEMATNS A ENE Lic—EOHBREER L7,
(2) FEBHE

EX15mO AT A XR— DR & LT TICABRL2T - KEERORET B X UR
D 2 B SFig 38R & S HEAETRRA AEI L7, LT TR, EREHSHSHRL
FoiEsE A S (Surface specimen), PIERA SERHRL 7-588RF % 1 #4 (Inner specimen) &WFS5,
Bt & OEIM o k3Rt TicTable 3. 1 BXUTable 3. 6icEnEFN LI

FAWfstgH 2, 10mx 5mx 2mOERTH D, BRI20FOERT A ) —HUTL BHHET
%ﬁ%&hﬁtotﬁt,Sﬂmﬁﬁiﬁtoufm,ﬁ%ii®§@fﬁﬁmﬁtkomwt
SHEEE L, AU Y LY AhEY 1 2 VEERHAREEY Th D,

REAEESL, EPARSHESKELTHVALDEFEURHBEANT LN ATHD, NI
LA AROFERERI, T CIcTable 3.1TICR U7z, A AMHEHEIGHERE RE 1 cn® 24720
#150m £ /min & L7z, REEANITATTETH 5, ABREEIFS0BLTI000°CTD 2/KET
B0, EICHIT BIEE « EIE OB A 7 VA IMEICEE S 200, IEEER]100h T &ICE
BERE L EEROMORY 4 7 LE5A T, BEMEEENA1000h & Uiy N D LA ZAhOR
WIDSHTIZ, Ho0host L T ER R & o+ — @ O 35T (SHAW HYDROMETER) %, % O fthickd
LTRHIDA 22 1w k75 7 (BIAG3800F « IN) 27z,

3 EBERBIUEE

Fig. 3.50iT, 1000h QEH A 7 MEEOERE/LERT, JORICE, IhETIBTVS
NZRFO4 R TRHOEERERES (RhoCOH, [THE, BXTAME®Y d&mRlik. O
5, BIEASBOBEREEFMOFNEOICEERLZRBEO I E000 5,

Table 3.18ic, EARBYIBROKRZLSEREL T, JORICH, INITICETLSE/NATH
AXR~ D EHAD F— 419 2HFET/R L7, 950, 1000°C& diT, 1000h QA1 & - THIMI
RESEHRIEMLTOEIE0D, BRAEULIEN NS, ZOERKER, BERERLE
W EOMICEENERE, HESBRLEM EOMTEEES MBI LEREIL VHERLERED
TEHD, ALK AEESBICLEELEZIFEOEVRA S, TibL, BEERE LSV ORM
T, NUY LN AR EARNIEIED,

A4 2 UNEEOTEERIZ, SMICRONSBRREERERIC, EREORHSY « X
B — KRB EBANTED, TSRS LEYT & BOORCYRERTE 05, fo7
L, 950°CTHNEL L 72 SHMOREF TI3, FOREICKESFIEEL 7cHarbdniciibonre,
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Fig. 3.6035 & TUFig. 3.61ic, 950 CTIEAD S MORBRE hREfsE L OB R 50
OB AETEEEREEE TNENRT, FESBOXRMICE, BHEERRRICTZY v
TIHRB LV EFNSOBICERT 5 LD OERROERN R of s, RgkiSFig 3.61IRoh
AE91, Uy FIRICELZT D L OB, VEIROBRICIS > THEU TV, FEExECTHE
WEBSHE, Fig 3.6210nd [ MORE &FERES, 7« A7 KRB XDEDRTOS,

Fig. 3.633 & UFig 3.6412, 1000CTMEED SHEX U I MOBAZRET SINEEZZNh LN
T, VEALER, BECBIETCEDNTED, KEOHEIELTOEL -1,

Fig 3.651C, 1000hBAH A 2 LiEE ORMEEERHIC Y 5 MEO X ETMBEEEL R T,
SHE MO, BEFEOEX, H—X 5k RRNEE O REICEEL 238,
F7:, CHODHER, "AFOAXR—IBMTHEINLLOY LRETH S,
Dbkt kS, SRS RF—RAEIMHEEN U v LF XROR R, AR, B
WM EBEMORICERED, Jhd, JITH-BEMMERCELT, SRICEB AT
EOBEEOME AR E VD I EATEL - ORAHABENIT TS LD E VLB,

4) & |

NAFOA RBELOBERIH T HHEFEE, BIMOME TROBIE(LE (LFHROHE
k-7, WETXZEMLAESRIEND, OFICHE L AIMETERE (500kg)T
AL, FOENMERGT TICGABETAT » EEEO, SEA RE— RSB Y
LA ARCHT BBARHEHE~, UTIORTHEEEE.

1) BEA AP IS HIEEA Y & L7 RO &R, BANNCIE, B & AR OmRIC

EIMN T, ThiZ, IO TIT- EMMERICEVT, SiRich BitA B EDHE
HOMEEFEHE VD T LA BERL 2 HOEAMAENITF TS,

) HiEE T ORTMTE, HEOHELE DT WERICH -7, I TOERI, Thick
I+ DADEY « (= DBV o 7 LA DEAICER L TIT->-T0a 1 EMS, JOL D EEEOF]
WAL U & B OND, %, ECBI ZREEELCEVEE T TORBEENLLE
BB 5,
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B L LEEREOETIN G OCEES) 2B LLAKTH -7, LML, JITH &EIIEY
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TVBIENFRINGEMMEARTONE E UTHRAL
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Table 3.9 Result of bend test for Hastelloy Alloy XR welded joint

Specimen | Results Gauge Elongation | Judgement
no. length(mm) | (%) %
1 No defect 11.5 27.0 Good
Free bend ~
2 No defect 13.0 23.1 Good
1 No defect - - Good
Root bend
2 No defect - - Good

¥ Reference data

Table 3.10 Result of guide bend test for
Hastelloy Alloy XR-II welded joint

Specimen | Results | Judgement
no.
1 No defect | Good
Face bend
2 No defect Good
1 No defect Good
Side bend ' '
2 No defect Good
. 1 No defect Good
Root bend
2 No defect Good
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Table 3.12 Calculated list C and x at 3000h as a function of D
in semi-infinite one dimensional diffusion model

Distance from face at_t=30gﬂh 2 xfmm
« /2 IOt erfix / 29DY  Clx, B _lefUSlon coefficent:D/cm® - s
1x 10-° 1x 10°° ix 10°'°

0 0 0.500 0 0
0.05 0. 056372 LAT2 0.33 0.10 0.03
.10 0.112463 444 0. 66 0.2i 0.07
0.15 0. 167996 416 0.98 0. 31 0,10
0.20 0, 222703 . 389 1. 31 0. 42 0.13
0.25 0. 276326 . 362 1. 64 0.52 0.16
0.30 0. 328627 .336 1. 97 0.62 0.20
0.35 0.379382 . 310 2. 30 0.73 0.23
0.40 0. 428392 . 286 2.63 0.83 0.26
0.45 0. 475482 . 262 2.96 0. 94 0.30
0.50 0. 520500 . 240 3.2 1.04 0.33
0. 60 0. 603856 . 198 3.54 1.25 0.39
0.70 0. 677801 161 4, 60 1. 45 0.46
0.80 0. 742101 .129 h. 26 1.66 0.53
0.90 0. 796908 102 5.92 1. 87 0.59
1.0 0. 842701 .073 6. 57 2. 08 0. 66
1.2 0. 910314 .045 1,89 2. 49 0.73
1.4 0. 952285 . 024 9.20 2. 91 0.92
1.6 0.976348 012 10. 52 3.32 1,05
1.8 0. 989091 . 006 11. 83 3.4 1.18
2.0 0. 995322 . 002 13.15 4.16 1. 31
2.5 0, 999593 0002 | 15.43 520 1.54
3.0 0. 999578 . 0001 19.72 B. 20 1.97
Cix, B = —;— {1- erf(x /7 240}
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Table 3.13 Creep test results of Hastelloy alloy XR-II weldment at 950°C

Stress Specimen Rupture Rupture Reduciion in Fracture
{MPa) No. time (h) elongation (¥) | area (%) location
R 1 39.1 29, 18 41.75 depo.
02.8 R 1 | 18.3 13. 58 31.48 base metal
IRIOJ 1 49.6 24,68 73.54 base meial
R 2 125.0 22.45 40. 65 | depo.
41.9 XRJ 2 50.5 8.67 18,93 base metal
RIJ 2 | 1827 24. 11 53. 68 base metal
R 3 721.5 7. 59 29,45 depo.
31.5 RJ 3 160. 7 6. 27 10. 986 base metal
fRIEJ 3 707. 7 12.18 48. 80 base metal
R 4 1654. 4 7. 84 7. 46 ~depo.
23.1 fRI 4 585. 8 6. 61 16.72 base metal
IRIJ 4 834.0 11,13 38. 87 deﬁo.
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Table 3.14 Creep test results of Hastelloy alloy XR-I1 weldment at 1000°C
Stress Specimen Rupture Rupture Reduction in Fracture
(MPa} No. time (h) elongation (%) | area (%) location
R B 55.3 14. 33 35.01 depo.
| 37.3 XRJ 35 20.4 10. 83 28.59 base metal
ARIIJ 5 47.3 21. 80 71.66 base metal
i 6 158. 2 11.61 10. 74 depo.
28. 2 RS 6 88.1 5. 83 15.03 base metal
XRHJ 6 150. 8 13.33 31. 34 base metal
bondy—
R 7 b72.9 7. 42 10. 24 depo.
20.1 xRy 7 348.7 6. 11 10.58 base metal
XRIJ 7 484, 7 5.23 7,04 depo.
R 8 1255. 3 11, 87 12.97 depao.
14.3 RS 8 816.3 7.00 10. 20 base metal
RIOJ 8 1199.0 8. 10 13. 37 base metal

— 30 —
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Table 3.17 Impurity levels in the test environment (Pa)
Impurity Hs Ha0 Co C02 CHs
Nominal 20 0.1 10 0.2 0.5
Analysis 19 to 21  0.08 to 0.12 9 to 11 0.15 to 0.25 0.4 to 0.6

Table 3.18 Bulk carbon contents of specimens before and

after exposure to JAERT-type B helium for

1000h (mass?)

After test
Material Before test
950°C 1000C
Weld metal (S) 0.0717 0.0879 0.0818
Weld metal (I) 0.0794 0.0882 0.0910
Base metal 1 0.078 0,089
Base metal 2 0.079 — 0.0849
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Melting 500kg Ingot (VI+ ESR)
$ 360 x L

Hot Forging 150 x 150 x L
| Hot Rolling $10 x L

Cold Drawing | 10 -+ 5.5

Intermediate

Annealing

Cold Drawing $5.5 - ¢3.2

Intermediate

Annealing
| Cold Drawing $3.2 » ¢1.2

Unit in Size : mm

Fig. 3.2 Production flow diagram of filler metal for Hastelloy Alloy XR
in large scale manufacture
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(d) HXR-1I welded joint

Fig. 3.3 Groove geometry
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Maximum width of weld metal on face
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{1)Free bend test specimen
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(2)Root bend iest specimen

Fig. 3.6 Geometry of free bend and root bend test specimen
for Hastelloy Alloy XR welded joint
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{a) Face bend (b) Side bend

(c) Root bend

1 Omu

Fig. 3.10 Specimen appearance after guide bend test
for Hastelloy Alloy XR-II welded joint
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Fig. 3.11 Macrostructure of Hastelloy Alloy XR and
Hastelloy Alloy XR-IL TIG welded joints
A : Hastelloy Alloy XR-II base metal (15mmt) /
Hastelloy Alloy XR=II filler metal
B&C: Hastelloy Alloy XR base metal (7.5mmb)/
Hastelloy Alloy XR-II filler metal
A&B: As welded,
C : After heating at 950°C for 3000h in air
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Fig. 3.17 Boron distributions in welded joint after heating at 950°C
: for 3000h in air
Welded joint: Hastelloy Alloy XR base metal (7mmtb)
/Hastelloy Alloy XR-II filler metal
Analyzed position: Vicinity to fusion line in cross section
60 F I HXR-1l weld metal
. HXR Base Metal
501 %——' HXR Backing Plate
€ 40 950°Cx3000h, in Air =
% /gpreriment //
) / —
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o 20
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U 1
| ! |
Fusion Line
. Hastelioy XR —— Haste!lloy XR-T .
Base Metal Weld Metal '
Fig. 3.18 Analyzed result of boron diffusion at vicinity to fusion

line using semi-infinite one dimensional diffusion model
for Hastelloy Alloy XR base metal (7.5mmt)/Hastelloy Alloy
XR-II filler metal TIG welded joints after heating at 950°C
for 3000h in air
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3.21 Analyzed result of boron diffusion in Hastelloy Alloy
XR-11 round bars and wires using diffusion out of a finite
cylinder model
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Fig. 3.22 Solutions of diffusion for models of diffusion
out of a finite cylinder and slab
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Fig. 3.23 Geometry of creep specimen
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Fig. 3.24 Creep rupture time versus stress for Hastelloy Alloy
XR-11 weldment at 950°C and 1000°C
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Fig. 3.25 Creep curves of Hastelloy Alloy XR-1I weldment:
subjected to stress of 52.8MPa at 950°C
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Fig. 3.26 Creep curves of Hastelloy Alloy XR-I1 weldment
subjected to stress of 41.9MPa at 950°C
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Fig. 3.27 Creep curves of Hastelloy Alloy XR-1I weldment
subjected to stress of 31.5MPa at 950°C
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Fig. 3.28 Creep curves of Hastelloy Alloy XR-II weldment
subjected to stress of 23.7MPa at 950°C
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Fig. 3.29 Creep curves of Hastelloy Alloy XR-II weldment
subjected to stress of 37.3MPa at 1000°C
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Fig. 3.30 Creep curves of Hastelloy Alloy XR-II weldment
subjected to stress of 28.2MPa at 1000°C
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Fig. 3.3]1 Creep curves of Hastelloy Alloy XR-1I weldment
subjected to sterss of 20.lMPa at 1000°C
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Fig. 3.32 Creep curves of Hastelloy Alloy XR-I1 weldment

subjected to stress of 14.3MPa at 1000°C
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Fig. 3.33 Creep rate versus stress for Hastelloy Alloy XR-II
TIG weld metal (not included welded joint data)
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crept specimens
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Fig. 3.38 Microstructure of fractured section for Hastelloy Alloy XR-~I1
weld metal (950°C, 1654.4h, 23.7MPa, specimen No.XR-4)
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Fig. 3.39 Microstructure of fractured section for Hastelloy Alloy XR-11
welded joint (950°C, 585.8h, 23.7MPa, specimen No.XRJ-4)
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Fig. 3.40 Microstructure of fractured section for Hastelloy Alloy XR-IT
welded joint (950°C, 834.0h, 23.7MPa, specimen No.HXR2J-4)
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Fig. 3.41 Microstructure of fractured section for Hastelloy Alloy XR~II
weld metal (1000°C, 1255.3h, l4.3MPa, specimen No.XR-8)
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Fig. 3.42 Microstructure of fractured section for Hastelloy Alloy XR-II
welded joint (1000°C, 816.3h, 14.3MPA, specimen No.XRJ-8)
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Fig. 3.43 Microstructure of fractured section for Hastelloy Alloy XR~II
weld joint (1000°C, 1199.0h, 14.3MPa, specimen No.HXR2J-8)
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Fig. 3.45 0.2% proof stress and ultimate tensile strength versus
aging temperature for Hastelloy Alloy XR-II weldments
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Fig. 3.47 Reduction in area versus aging temperature for Hastelloy
Alloy XR-II weldments
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Fig. 3.55 Geometry of the specimen (mm)
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Fig. 3.56 Relation between total strain range and number
of cycles to failure for Hastelloy XR-1II weld
metal and welded joint at 900°C
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Fig. 3.63 Surface topography of S-specimen after exposure
to JAERI-type B helium at 1000°C for 1000h



JAERT—M 81181

Hm

100

10 «m

fter exposure

—-specimen a
to JAERI-type B helium at 1000°C for 1000h

Surface topography of 1

3.64

Fig.



i

JAERI-M 91—181

g50°C

1000C

%
ysi&&

201m

imens after exposure

for 1000h

iews of spec

ional v
type B hel

sect

Fig. 3.65 Cross

luam

to JAERI



