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fvaluation on Materials Performance of Hastellov Alloy XR for HTTR Uses-5

(Creep Properties of Base Metal and Weldment in Air)
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Creep properties on weldment made from Hastelloy Alloy XR base metals and filler
metals for the High Temperature Engineering Test Reactor {HTTR) components were
examined by means of creep and creep rupture tests at 900 and 950 °C in air. The
results obtained are as follows: creep rupture strength was nearly equal or higher than
those of Hastelloy Alloy XR master curve and was much higher than design creep rupture
strength[ Sg J. Furthermore, creep rupture strength and ductilitv of the present filler
metal was in the daia band in comparison with those of the previous filler metals. It is

concluded from these reasons that this filler metal has fully favorable properties as

HTTR uses.

Keywords: Creep Properties, Hastelloy Alloy XR, Filler Metal, HTTR, Creep Rupture
Strength, Ductility
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EEOHEETT, EMEROSTHEVORBEERIFER (R?) 21 0.7846 &
EERELHEME S HENR KL, JOIERERSROY ) —TREN
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JAERI Research 95-001

e N ol ] - R Y oY NEC il

. CHODEMMO 7 ) — THERBER LU ) — TR, ko X
FOAXREBBEIMD I ) =T F— 5 EBRTH, FOF—7 3y FodifiE LT
WA Emd, HTTROMEESLHESE (1HX) 0L 2704 XREGREHN
HEEMBIRIIM & LT 9757 ) —7THEEF LTV S Sl S hi,

Wi, TEEEEETSRICEE LB TREERMMS X CE@RAEIM ORI
. 7 U —TREEE S LU ) - TEFEEOVL TR bERLERENC, B
O E B LCRE X hABEIMoBa0 s ) — THECORRENRIFTH
2 Eh BRI

. BmESBITOWTOEERSTICL S 7 Y — TREEETAICOVWTIE, E
Bl & ST EE & ORIICHEHE O —BAE LN I LD D, AERRFHEOR LM
FH N EELLD,

Ot
i
I

HTHZREANM S X UHT T REMBEIHE R VT, 8k L CEEREH OASR
oy —TRBB LU U —THEBRBETV. ROX I BERERF.

(1) 7Y —FEREEREEL. ~AFOCXROT RS —A—7LEFULETHD. &
BEIG RS (Sk) 2R EES I 8T -1

(2) CASOENMO 7 Y — THETRES LU 7 ) — THREEME R, ERONZTH
A XRJEMMD 7 Y =T F— 57 EBNRTH, £OTF—F 3 FOPIMUELT
WA EMD. NAFOA X REBEESEMAENT S LTHasEEER L
TWBEEZ %,

(3) 7 —FHNEED LU 7 Y — THRIEEDO WOz oW T b EIHZAB LU
EREOENMOEICERNLEZRE L, B—o/tFHRE BRI LTRES N
IO 7 Y — FEEOBEHENBIFTH 5 Z &I D SN

(4) BESBIOSVWTOEBIRMTICL S 7 U —THEFETFRICEN T, ERiES
FHME & ORI HE O —ENE SN I Eh S, RASRHEORARNE
AExNT,



JAERI-Research 95-001

4 EEB I bt

T, THLOBEMHMO Y ) — FTEMRES LS ) — THITEE R, RO A
Fo4 XRBEBEMMD 7 ) =T F =5 EBNTH, TOTF =73 ROBCUELT
WA ENS, HT TROSPREEZHE (1HX) OLH 2704 XREEERN
HEmREt E LT, T2 ) —7EEEF LTV sl s s,

Wi, TREHSAMTESRICENE LB TREREM B L UERREH ORI
. 7Y — TIEERES LU U — TEEEO VLTI b FREERIEE (L [l
O A B LTRSS NI OBED /7 ) — TRHEOBREFNRETH
5 EDHRINI,

—F . BRSOV TOEERMFICL S 7 Y — FTREFETRIIOWTIE. £
BflE & M & ORIICHEBREVW—EAR SN Z En D, AESRFHEOR AN
Firxhtk LS LD,

al
W

BTHRZAAENM S X OHT TRESBEIMER VT, BitE L UHERER O
hy ) —7HBB LU Y — TEERBRETO. ROX I BEBRERF

(1) 2 1) —FiMiRER. 2704 XROTRS —H—7 ERAELUETHD, &t
RIS RS (Sy) 2+ bES LMD -T,

(9) cHOoDOEMMD Y U — TEEEEES X U7 U — THEEERR. RO/ RT O
A XREZEMMD S =T F— 7 EBERTH, £FOF =53 FOPIHELT
WB T EhD, NAF O X REREEREMAENT S LTHIEEER L
TWAEEA 5,

(3) 2 —7HEERESLC7 Y —THEITEEO VW IHIZ2WT bREIHZAB LU
ERAOEIMOEICEESEIRE< . B—oftHme BEic LTiExne
BIIM O 7 U — PO BB BIFTH 5 T EHELD SR

(4) RESBIZOWCOERRMNICLS 7 U — 7HESETAICE LT, KRIES
Tl E ORI BN L O—ED BN S, AASBHEOELMENE
It



JAERI-Research 95-001

| FE

AREETS EC, B/ BBEETER. WETBRBSTFER. BAMT/ 00F
W L UBABRFAREFOBESAMICE RN AEXBEAMNEREE L L2
HBLET,

)
@
(3
€y

3

(6

(M

{8

(@
(10

=2 SR

HABETFHFETR  SEIEABMAOIIK (1993).

D, BB, £E. BN, B, =B FE 0 JAERI-M 89-206(1989)

B, (P, BB, (F. B HEFERE. Vol 16, No.6, (1990)368

K. Watanabe, H. Nakajima, K. Sahira, N. Kurauchi, T. Takeiri, T. Saitoh,
T. Takatsu and T. Nakanishi: Journal of Nucl. Mater. Vol.185, No.l,
(1991)8L. | o
. hE. EE, b, fTA. S8k, fBFE, & BH o JAERI-M 91-181(1891).
. P&, S, Fub. AL FEE. B M. /b, B0 0 JABRI-M
91-183(1991).

K. Watanabe, K. Sahira, T. Takatsu, T. Nakanishi, M. Higuchi and

H. Nakajima : Computer Aided Innovation of New MaterialsIl, Elsevier Sci.
Publishing Co., (1993) p.1491.

N, thE. N, BF bl SO, R, K. bl TA

: JAER1-Research 94-046(1994)

PH. oA, BE . JAERI-M 90-148(1990)

AASNEGS. BFHWERES, HWS/NEES : 2704 XROBERTHE
EricBd ST, BEHESE  JWES-AE-9005(1990)



JAERI-Research 95-001

B B

FREAS £T. B BEEETER, GWELERESTIF. BAIT -0
0 & B AR TR AT OGS S AT SEEE L MENERE & Lk L LR
ML T

oy
@
(3
(4

(5)

(6

7

(8

(9
(10

2= MR

AABETHIERE | 2B TESRBHFOIUR, (1993).

. BB, kF. AR, Sk, S, (PP JARRI-M 89-206(1989)

. P, S, EF. PE  BESSE. Vol 16, No.6, (1990)368

K. Watanabe, H. Nakajima, K. Sahira, N. Kurauchi, T. Takeiri, T. Saitoh,
T. Takatsu and T. Nakanishi: Journal of Nucl. Mater. Vol.185, No.l,
(1991)81. | ,
D, hE. T, fb. AL FE. 4, . BEH 0 JABRI-M 91-181(199D).
D, hE. EF. b, A, ZH. SE. (BFE, ik, 880 JAERI-M
91-189(1991).

K. Watanabe, K. Sahira, T. Takatsu, T. Nakanishi, M. Higuchi and

H. Nakajima : Computer Aided Innovation of New MaterialsI, Elsevier Sci.
Publishing Co., (1993) p.1491.

w0, e, Ak, Sk MbE. 0. HE. KR vk A

: JAERT-Research 94-046(1994)

PIE. oA, B 0 JAERI-M 90-148(1990)

AAREES, BEFHHEEES. HWS/INEEL : ~A7 oA XROBERTA
BT A BT, MERSE  JWES-AE-9005(1990)



JAERI-Research 95-001

JOunN 071G upein AARIDAY oy
QN0 JNURN JO UOT}EDTJI0US © %

01= 001% 012 pes gmng | — 1 ce= V2= 60 = $ HO]]ED1J100dg
0% Pl t8 Y 0 "2 08 96 1vE 9879 are|d wipg)
i eva g ) 88 0 'z L8 5§ (N LEY 19[4 wGT)
(HuoTeauo |y | (dqyswl), atnidny | (Yyuoiiesuolg | (ayyawiy adnjdny | xx{ ON SIV) (qa (%) (egm) WIuadis | (edyy widuans
ceebee el || 8z1§ wieay | ssoupaey | uorjeuoyg | pratA 185550%2 0 | al1suDL diveIIN
LIRGY D006 1B oanjdny daal) BINGOT "0,G18 1B danjdny daad)

{T9-0 .:u”c.::n_ weG1 * vig-0 .;U“o:w_: uiGI)

153} $sao01d 3uiprom Jo] saield ¥y AOT{y AC][aisSey jO sariladold S|EIIaIRY 7 3lqe]

posA[eue jou 1o paryidods jON 1 — IopuiEway ¢ Wy
BPT-0CH-TUIVE "J0d + #4 WUSE O SSOHNDIY) ¢ ¢
— way MG | 0872 €00 GO0 050 00T 00| 002 | O'C2 E0°G| 0W0'0) 0071 0679 €10 $4 U01]
—_— | —  —— | — i — | 0270 08 (| A S | — | — | 6L 820 SO0 | wiw | -ea1jroadg
070> uay 100°0| €070 Wo| 1o 100> 6b0 £E'6 081 9772 | 100°0> [ T00°0>| SB°0 EE 0 L0°0 {wol10g)qeis
10°0> | ‘woy 10001 20°0 10°0>] TO0>| T0°0>) G¥0 g0 081 L1Z | T00°0> 1 700°C>( 9870 EC0 00 (doL)qels§

10°0> ] Wy » 000 2070 | 10°0>| 10°0>| 10°0>| GFO 26 | T°8T | LTTZ |200°0 |[T000>| SB°0 | GEO § L0°0 || VI9-0UD aIDEY

N 'N d ©0 L 1V Ny Mm oW | 94 1D g d up 1 g o) ju2Wala

(% s s eun (PV9-0 ya:ajeld w9 ¢ pEo-0 osole[d WG]1)

1827 $52004d Buipjom 10} salejd ¥y AOT[y AO[[9lseY JO UOT}IS0dwWod [RIIWAY) [ IR}




H

JAERI-Research 95-001

WLl J0F HX Ao[1aisell Jo juiod wiy pue aFuel Wly o #%

(PAYST | qndiiny ASuady A30{olyIdY pue 3UDIOT JO sMelAf ¢ 4 pasi{euT jou 1o pal)ioods JON 1 —
arqissod st Mo 0 (v JapueiRy o woy
dvl w0000 | dV dv1 dvl dv1 | 060 | 006G {0081 |0S712 dv? dv1 1 0670 | 680 | LT £+ Ju10d Wiy
— way 1050070 | 0T°0 | €00 | G070 | 060 | 00°T | 0001|0002 {0062 | 0EC0| QW00 00T \ 0S¢ | GOO ) XEU aguel Wiy
— 0100°0| —— | —— | — | — | 020 | 0078 joo'Ll [0s02 | — | —— | GL0 | G20 | GO0 yulw | 44
— way | 0100 06 | €00 | S0°0 | 080 | 0071 g1 00z} 0gz ! og00| OKOOY COTT | 0G0 | GITG XU t oL}
— —_— | — | — e 0 o' | 021 | 02 | — | — 1 GLO ¢ S2°0 | S0°0 yuld -v31j100d§
GOO0| Wy [OEDO0| E0OO | 1070 | T0O>| 100> mv.oxl 106 |[€1°81 [18712 |100°0 1100°0>| 06°0 | WO | 900 918]0 wH)
e— | —— g0} — | —| — — | - — | — ] — | = | T | T ajeyd uuigy)
To0| wad 6100707 ¥00 | 100 | 10°0>| 800 | 6V°0 | ¥0'6 |SOGT [29°Ta [ 100°0>[F00°0 | 880 | WO 9070 | (woriog) qEl§
yoo'o| wad | z£00°0] €00 | 1000 | T00>| 10°0>| G¥0 | 806 |6G°LT {09712 | 100°0>| 1000  GBC | €0 90°0 (do)) fris .
£00°0| WY | VOO0 €00 | 100 | TOO>| 10°0>| 6FO 0°G | 181 | 872 {10070 | 1600 | 680 | 80 | 900 »om‘ﬂg.:u.m_am;;
N 'N| d 00 1L IV Do M OW| =4 10l 8 d U 1g o) jusuwa |2

(%5 s TU)

sjuatodwod YL H 403 so1eld ¥¥ AO[1y AOjja3isel JO HorjIsodwoed [edlwsy)y g 2fqe]

(108-19 P a1 ®|d WaQG] © L9810 49D} E|d WNGTY)



JAERI-Research 95-001

(paystiqnduny Aoudly ASo[Ow[a) pUE JDUDIIS JO SME]A(]

130719 NUBN JO UOTITIL 1S

-
-
E

HET:

FUT1{0L JO UO[]3AHP O} due[d [eufpnjiduo] @ ()
SU11§01 [0 0112311 07 due[d aSJAASUEIL : (L)

IaUNN 0215 uiedg aduddAy © ON SOV #

TINGY 0,006 1€ aan1dny daar)

BJWGOT *D.G18 1E aanidny dodi)

01= noi= 01= Fi= U §g=2 Tve= IR $43 D005
e B Vg2 Gt < | A €G89 ¥ Dadg
99 882 001 66 0°e(D 0°edl) Ve LG 0G¢ ) ga9o aje[d )y
88 Vve 101 L8 SR S| 98 06 62¢ Lzl ayr[d wgT)
(Rynoriedueiq y (M)out] sanjdogy (§)uolieduo|y Agcvus_& alnjday ('ON S9V) (a1 () (ediV) :am:ch_wa (Bdi) Yiduog
e e LBLIG uredy)  { ssauptej (| uoijeduo[g | piaty 105)j0%2 0 | 91 1SU0L ajRBLLIY

(198-T0 yo:01R[d w91 * 298-107Yd:a7T[d WGTY)

sjuauodmod YLIH 10] sareyd YY AO]]V A0y[a1sey Jo sarjsadold S|RIIBIBK | 91qe]

|
[ag]
—
,



JAERI-Research 95-001

oWy eIy Jvay Jalfy -
8¥1-0GN-T¥avr "Joy -
2[Q1550d ST MO V1

L33
t

pasA]tue

GRT-T6MW-14avr "Jo4 - %
100 J0 poij1oods JON ¢ —

Jopuiewoy © way

200705 | B00°0 L Way | QEOO0| SOT0S) 0S0°0| T005S| KOO Fos| 0579 06 08| G'12{010°05i010°05] 080 | SE'0 } SSO'Of #% [B100 L9111
J6 qwiod ury
20070 0100| way [fO0S00°0| 0T SO°0| €00 | SO0 | OS0 | 00T | 00°0I| 00°0Z| 00°EZ| OB0°0; OWOD{ OG'T .| 0S0 | OLOTQ| XTW | #+¥I0U JBI1]
— | — 02000 —- 109 — — | 020 | 008 | 00°LL| 0SOG| — | —— | SLO § G20 | 0SQQYu ju adaey wiy
— | | — {7 — 00| — | —| — | — | — | — |- — | — ] — | — | (Im
SEIRRNILL AN § 93 REAIN]
— 5000 — {og00{ — | —| —| —|—}|~—| —| —| — | — | OO0 — | — | — (UG "GP ) Haay)
PR —_— — | 82000 — - - N - J— — -— R N J— N JE— _ woj10g4:uor)ean
3] (UG "G4 Y}
—— — e - - - - — ] — do):uo{}e307
B (UG "Gy yaal)
00| BOO0| WA (09000 OTO | VOO ! €00 | SO0 | 0S50 | 00T | 00°OT| 00°0Z| 0062 6EOQ{ OVWO'0O| OQO'T | 05°G | SO0°Qyxww ¥ 31pe
- | — OWo0} — | 200 | — 020 [ 008 | 00°LI| 0802 — | —— | GLO | G270 | 0S0°0|uie | Jo adury wly
—  — | W | 00| 0SE | — | €00 | GO0 | 0570 [ 00T 00T 0702 0°€2| 0E00: 0WOO| 0BT 5 0570 GL'O | ¥Rw | UOL]BI1)100dg
-y T — || — | — || — | B 08 0L 80| — | — | 60 S0 COQfuw 4
100701 £00°0| Wou | ¥S00°Q| 20°0 [ 20°0 | Te'0>| ¥OO | TOT0>| GFO [ OTG | SO'9T| 09772 TOO'Q|TOGO>| €870 | 90 | 95070 ¥ai-0 2 a1t
O N IN| € 03 aW 1L IV no| M OW| 84 i) g Jd UW 1g o juaura e
(%S seu
1587 $§a00Jd Zuipram 40J [RIBW JIT[T] MY AO]1Y AQT1[91S®Y JO u0jlisodwod JeIIWAy} § 9[qE]



JAERI-Research 95-001

¥OOUD SAfAWRS T f¥%d

JuaWjeal} 1831 JBIIV 34 GRL-TGH-LA9vr Jad - *+
{(paystiqadun) £ouaZy AJojouydaj pue UI|IS JO SME[AG © % pasA|RUE J0U S0 parjiaods joN ¢ —
alq1ssod Se MO & 4¥1 IopUTBLY WY
200°05; E000 | way | 0EO0TO | G005 | 0BG 0 I00s| ¥0 105 0570 08 081 G2 (010°05|010°05| 08B0 €0 | 5500 £t | U 01T
Jo jutod ury
2000 O100] wdy | QS000| OT°0 | S0 00 g0 050 | 0071 CO0T| 000Z] 00€g) OEO'CY| OWOO| 0071 0570 QLO 0| xew | plBlow J2f|1)
m——— | 02000 | —- Woe | — | — | — | 080 | 008 | 00LT| 060 — | — GLD | G270 0S0 0 | viw Jo aduwy wiy
01000 |cE000| Wo¥ |2E00°0 (2000 (9100 [T100°0>| SO0 |E00Q | 60 | 8E6 T81| T¥T2| BOGO) TO00| 2870 6E 0 2600 (Iejow
J3111) g T4)XIN)
- /09t - - - - - - - —f — | — | — {Wuig g9 ) 49913
5000 “cv BECO'R| WAy |EWOOO| V00D [GEDTO {T00'0>| SO0 [TOOQ | 250 | 216 EBT| SP12| Y000 T00°0( 080 0r'0 850 0 || 3444 (WG "GP)HIN)
100°0>1 €00°0( woy |GEOO0| TOG>| 2070 10°0>( 5070 100> €50 | 2070 ZBI| 0512 8000 | 1000 | 280 8E°0 G500
—_ ey | ] !} — — | -} — — | — — ] — | — wo)jog:uo]eanty
33 (UG "G ) 4O
— — W00 — N N N N J— N — - - J— —_— — _— do],1u0[18307
£33 (UG "GR8
20070 £00°0 | ‘way B00OQ| OT0 Y00 | E00 | SO0} 050 | Q0T 00°01] 00°02) O0'€Z| OEOO| OVWOOQY OD'T 080 G0 Q¢ Xew t4 3|pe|
_ | = S00°0 | — wo | — 1| — | — {00 | 008 | 00LT|] QS0 — | — GLD ] 0G0 Qy uiw 0 adugy wiy
E— w3y 0100 05 | —— | 00 | SO0 050 | 0071 o 002 O0EZ] OEQ°0¢ 0VOO| Q07T 050 ST ¥ No§1ea1100dg
- —_ ) — | — | — | — | mzo 08 pL1| s0g] — § — | SL0 | G20 Gopgulw |
100°0  200°0| way BOOQ| 2070 2070 100 Y00 100> 890 | 006 | 02°8T| ¥F'1c| 200°0|100°0>| 08O ¥E'0 £60°0 £80-2 Y3 91pe]
0 N N g ©0 3N L 1V no M oW 9. 15 ) d UN 1S 9] jusws |3
(%S seuw)

SjUsuOdwoD YL} J0J RIAW JB[[T1J YN AOT[Y A0][31SEH JO UO}]Isoduod

JEITWRBY) 9§ 3{qe]



JAERI-Research 95-001

6¢ 0001-009 08 01-6 002-041 61 AVED
(urtu/1) (urw/uw) (uiw/uw) (A) (V) (ww)
alel AK01)J 9jel paads 331 0A juarIind Ia171y Jo ainpanoeid
sed 1y poa] 9dTy dutprok DIy BUTRTOY Ipjawer( FUTPpTOR
(91e1d w9 :SSAUYITYF) SUOTITPUOD Bulpiay § 21qe)
0€-0¢ 0001 08 01-6 061 A YY1
(urum/) (uta/uw) (urw/uw (A (V) Sy
21wl M01J YRR poads oduel [0A juNIAND Iarp1y] jo aanpanold
sud Iy POD] DUy dutpiol e RY Auiprog Iogouwniq FUIR|ON

(91e]d WIQG :SSIU¥DIIYY) SUDTIIpUOD Bulpa L 31GE]L




JAERI-Research 95-001

0 GI:
Prays durpred) 008 001-08 01-8 061 0L1 61 FVED
02-6t: yato]
asey yead
(urm/i)y (urtm/ww) (uru/wmy (M) {wm)
DIvd AOTJ aed poods afderoa {(¥) Iar)ry o arnpanoad
sed Jy poag] adrTy durpjray p R R JuoaIng Iojamei( durp)oy
SULpay

(91R[d WWG] :SS3UYITY)) SUOTIIPUOD uIpIaf (I 21qE]

1893 ostrydeidorpuy

- 1821 ruwvarauad piubr o L (sydeuwdy)
poo3 pood pood
£ 5 od Jod
JUTOL POPIoj DoRr 2A00IY

(a1e1d wupg :SSIWRIYI) SHUIISA) BATIONIISAPUOU JO ST([NSAY 6 BI4R]



JAERI-Research 95-001

Tabie 11 Results of creep rupture test and creep test at 900 °C in air
Thick Test specimen | Applied Rupture | Fracture | Reduction | Minimum | Fracture
-ness stress time elongation | of area creep location
No. rate
(mm) (MPa) (h) (%) (%) (%/h>
JC-1 302.5 9.33 37.26 0.0042 B
TR 251. 8 25. 65 55.72 | 0.0066 A
JC-3 693. 8 16.23 45. 04 0.0023 A
betd | Joa | 2T 787.9 10. 11 15.42 | 0.0014 A
50 Metal | JC-5 15,0 1965. 8 10. 44 21.71 0.00068 A
JC-6 1771. 8 9.19 27,03 0. 00068 A
JC-T 38, 0 2230. 8 4.97 4. 68 0. 00026 A
JC-8 3853.5 8.74 9.48 0.00026 B
veld I -1 52. ¢ 505. 8 14. 03 39. 68 0.0031 B
Yelal J -2 45. 0 1538.7 11.07 25.43 0.00068 A
J -3 38.0 2549. 4 7. 67 18. 28 0. 00026 A
b Felded J3-1 52. 0 448.1 16. 20 32.57 0.0033 (A)
Toint J)-2 45. 0 1350.9 14. 83 22.38 0.0018 (A)
JI-3 38.0 2472. 1 7.11 11.72 0. 0005 (A)
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Table 12 Resuits of creep rupture test and creep itest in air

Test specimen | Thick Test | Applied Rupture | Fracture | Reduction Fracture
v -ness temp. stress time elongation | of area location
“ 1w | co | ar | @ ® ®
NB-1 _ 58 172.5 64. 4 80. 7 B
NB-2 300 47 657. 8 38.5 65. 2 A
NB-3 15 38 2567.4 40.9 54.2 B
NB-4 40 110.4 56. 4 75.7 B
NB-5 950 30 431.5 46.1 59.6 B
Base NB-6 ' 22 2566. 4 32.6 39.9 A
Metal | CB-1 58 80.3 68. 7 78. 2 A
CB-2 900 47 325. 4 52.3 64. 4 B
CB-3 60 38 2112.3 34.8 40.7 B
CB-4 40 116.3 62.2 81.3 A
CB-5 950 30 387.6 58.1 69.6 A
CB-6 22 2830.3 32.2 38.1 B
N¥-1 . 58 .322.2 28. 3 60.0 A
N¥-2 300 47 1413.5 18.4 37.4 B
N¥-3 15 38 4721. % 8.3 18.5 B
N¥-4 40 172.6 18.4. 22.2 A
N¥-5 850 30 494.1 6.4 9.1 A
¥eld N¥-6 22 1431.0 6.7 22.2 A
Metal | CH-1 58 418.6 13.1 25.4 A
C¥-2 900 47 1176. 3 13.9 50.0 A
C¥-3 80 38 4686. 9 5.1 9.4 A
C¥-4 40 166. 2 8.3 22.4 A
C¥-5 950 30 538. 1 5.2 10.0 B
C¥-6 22 1508. 6 5.3 4.3 B
NI-1 58 254. 8 26.0 73. 4 (B)
NJ-2 900 47 1117. 0 17. 4 . 66.6 (B)
NJ-3 15 38 4159. 0 18. 1 54. 4 (B>
NI-4 40 140.6 22.4 79. B (B)
NJ-5 950 30 520.0 16. 9 1.7 CA)
Welded | NJ-B 22 2133.0 7.7 12, 8 (A)
Joint | CJ-1 58 224.3 19.5 70.5 (A)
Cl-2 900 47 839.7 11.7 16.0 (B)
Cl-3 60 38 2848.9 9.3 39.1 (B)
Cl-4 40 121.9 22.5 78. 7 (B)
CJ-5 950 30 499. 0 12,1 9.3 (A
Cl-§ 22 - 1349.2 6.4 3.2 (A)
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Table 13 Effect of alloving element on creep strength of weld metal

Standard
Partisl Partial Partial
Element | regression | regression | correlation | correlation

coefficient | coefficient | coefficient | coefficient
Mn -6104.2 -(0. 5664 -0.7273 -0.4877
B +7.3 +0.3594 +0.5080 +0.4828
Mo +2152.8 +0, 4787 +0.6803 +(J.2481
S -24.3 -0.4245 -0.6512 ~0.3748
Al -0.9 ~0,3013 -0.4640 -0.2498
Si ~-3102.8 -0f2351 -0, 3595 +0. 1420
Zr +2.5 +0. 1644 +{), 3268 +0.0882

Constant

term=-11240

Table 14 Applicable range of multiple regression analysis

C(¥): 0.0562~0.13 _ Mn(%): 0.49~0.94 Fe(%): 17.58~19.10
Si(%): 0.31~0.61 Co(%): 0.001~1.04 Cr(%): 20.70~21.90

: Mo(%): 8.3~38.36 F(%): 0.36~0.58 Y(ppm): 0~220

é La,Ce(ppm): 0~260 B(ppm):  0~160 Wg(ppm): 50~230

g Cu(ppm):  5~300 Zr(ppm): 0~180 Al(ppn): 20~1000

é Ti(ppm):  10~170 P(ppr):  5~50 S(ppm):  5~60
0(ppm):  4~129 N(ppm):  20~340
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680

Fig.3 Groove geometry {thickness: G0mm plate)

2% layers

54 passes

Fig.4 Build-up sequence (thickness: 60mm plate)
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L XY

HXR : HXR

10

15

(a) Weld metal

HXR HXR

HXR

15— I

2

(b) Welded joint

Fig. 6 Groove geometry (thickness: 15mm plate)
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b 15—

Fig.7 Sampling location of weld metal specimens {thickness: 15mm plate)

200

— || 5 p——

Fig.8 Sampling location of welded joint specimens {(thickness: 15mm plate)
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20

(a) Specimen of weld metal for 60mm thickness plate

E
LS
%

(b) Specimen of weldment for 15mm thickness plate

Fig.9 Geometry of creep specimen
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Fig. 10 Relation between applied stress and creep rupture time at 900°C in air
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Fig. 11 Relation between fracture elongation and creep rupture time
at 900°C in air
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Fig. 12 Relation between reduction of area and creep rupture time
at 900°C in air :
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Fig. 13 Relation between minimum creep rate and applied stress
at 900°C in air (Weld metal)
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Fig. 14 Relation between minimum creep rate and creep rupture time
at 900°C in air (Weld metal)
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Fig.19 Relation between applied stress and creep rupture time at 900°C in air
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Fig. 20 Relation between applied stress and creep rupture time at 950°C in air
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Fig.21 Relation between fracture elongation and creep rupture time at 900°C in air
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Fig.22 Relation between fracture elongation and creep rupture time at 950°C in.air
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Fig. 23 Relation between reduction of area and creep rupture time at 900°C in air-
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Fig.24 Relation between reduction of area and creep rupture time at 950°C in air
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CB: Base Metal
CW: Deposited Metal
CJ: Welded Joint

Fig. 31 Appearance of creep specimens after testing at 900°C
{(thickness: GCmm plate)




JAERI-Research 95-001

CB: Base Metal
CW: Deposited Metal
cJ: Welded Joint

Fig. 32 Appearance of creep specimens after testing at 950°C
(thickness: 60mm plate)



JAERI-Research 95-001

e
0T ATMPE

2R 5 A a

S

CB: Base Metal
CW: Deposited Metal
CJ: Welded Joint

Fig.33 Appearance of creep specimens after testing at 900°C
(thickness: 15omm plate)
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CB: Base Metal
CW: Deposited Metal
CJ: Welded Joint

Fig. 34 Appearance of creep specimens after testing at 950°C
(thickness: 15mm plate)
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Fig. 35 Microstructure of fracture section for base metal
(900°C, 2112.3h, 38.0MPa, thickness: 60mm, specimen No.(B-3)
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Fig. 36 Microstructure of fracture section for weld metal
(900°C, 4686, 0h, 38.OMPa, thickness: 60mm, specimen No. CW-3)
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Fig. 37 Microstructure of fracture section for welded joint
(900°C, 2848.9h, 38.0MPa, thickness: 60mm, specimen No. CJ-3)
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Fig. 38 Microstructure of fracture section for base metal
(950°C, 2830.3h, 22.0MPa, thickness: 60mm, specimen No. CB-6)
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Fig.39 Microstructure of fracture section for weld metal
(950°C, 1508.6h, 22.0MPa, thickness: 60mm, specimen No. CH-6)




JAERI-Research 95-001

100 #m

Fig. 40 Microstructure of fracture section for welded joint
(950°C, 1349.2h, 22.0MPa, thickness: 60mm, specimen No. CJ-6)
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Fig.41 Microstructure of fracture section for base metal
(900°C, 2567.4h, 38, 0MPa, thickness: 15mm, specimen No.NB-3)
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Fig. 42 Microstructure of fracture section for weld metal
(900°C, 4721.3h, 38.0MPa, thickness: 15mm, specimen No, NW-3)
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Fig. 43 Microstructure of fracture section for welded joint
(000°C, 4159.0h, 38.0MPa, thickness: 15mm, specimen No.NJ-3)
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Fig.44 Microstructure of fracture section for base metal
(950°C, 2566.4h, 22.0MPa, thickness: 15mm, specimen No. NB-6)
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Fig. 45 Microstructure of fracture section for weld metal
’ (950°C, 1431.0h, 22.0MPa, thickness: 15mm, specimen No.NW-6)
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Fig. 46 Microstructure of fracture section for welded joint
(050°C, 2133.0h, 22.0MPa, thickness: 15mm, specimen No. NJ-6)
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Fig. 47 Relation between applied stress and creep rupture time
at 900°C in air (Weld metal)
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Fig. 48 Relation between fracture elongation and creep rupture time

at 900°C in air (Weld metal)
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Fig.49 Relation between reduction of area and creep rupture time
at 900°C in air (Weld metal)
100 T T Y T [
Filler Netal Weld
a 5 Metal -
¥ ([Ch.Na. 0-124) 4
"\..\ (Present Work) A (Ch No. 2-083) |
e OTeoR T U (Previous Work) QO
50 [ T e wyo | © i o
T o acBdy vy
~ \‘\ . o
~....__‘\ 1 \\\H\ v ¢ k) F
~ 1 '\
- . \\ H.;s telloy-XR El!ean Data Cur\n:_-=
L L
“_\ \‘\
P ™~
. N
JAERI Katerials Strength Standard (™ \\
[Sa) ™ N
10 o i M
<
. L
5 1 LM
10 102 _ 10% 104 10°

Rupture Time

tr

(h)

Fig. 50 Relation between applied stress and creep rupture time
at 900°C in air (Weld metal)} .
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Fig.51 Relation between applied stress and creep rupture time
at 950°C in air (Weld metal)
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Fig.52 Relation between fracture elongation and creep rupture time
at 900°C in air (Weld metal)
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Fig.53 Relation between fracture elongation and creep rupture time
at 950°C in air (Weld metal)
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Fig. 54 Relation between reduction of area and creep rupture time
at 900°C in air (Weld metal)
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Fig.55 Relation between reduction of area and creep rupture time
at 950°C in air (Weld metal)
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Fig. 56 Comparison of creep. rupture time of weld metal between
vaiue estimated by/multipie regression analysis and
‘experimental ones under stress of 44.0MPa at 900°C



