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Creep and Fatigue Behaviors of some Ni-Cr-W superalloys for High

Temperature Gas-Cocled Reactor in Simulated Helium Environments
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Masatoshi OKADA?, Tatsuhike TANABE , Fujio ABE
¥
Yoshikazu-SAKAIc, Tatsuo KONDO, Hajime NAKAJIMA
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‘Two kinds of Ni-Cr-W superallovs; 113MA(23Cr-18W) and KSN(16Cr-26W)
were selected in ERANS(Engineering Research Association of Nuclear Steelmak-
ing) project as the second-generation superalloys for the intermediate heat
exchanger of HTGR. Follwing the ERANS program, for developing of Ni-Cr-W
superallovs originated from the ERANS alloys, NRIM(National Research
Institute. for Metals) and JAERI (Japan Atomic Energy Research Institute)
have carried: out more detailed study of the effects of major elements (Cr—W
balatice), minor elements(B,Zr,Y) and heat treatment cn creep and fatigue
behaviors and effeces of Mn, Si on corrosion resistance.

The present status of the activities and the subjects which require
further experimental works are reported in this paper. The scope of the
experiments is creep test at 1000°C up to 2500 hours in maximum duration
under stress of 3 to 4 levels and low cycle fatigue test at 900°C at a
strain rate of 0.1 %/s. The results obtained are as follows; (1) Addition
of both B and Zr extends steady-state range in low creep strain and con-
sequently lengthens rupture life. It is revealed that the fine precipitates
stabilized by B are effective to disturve the motion of dislocations. {2)
Sub-grain formation attributed to Zr addition increases ductility and
extends fatigue life, since it may prevent the crack nucliation at the grain
boundaries. (3) Fatigue life is also lenghened by heat treatment to make

o-W precipitate at the grain boundaries. (4) Addition of B tends to
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increase carburization.

The above mentioned beneficial influence of both B and Zr should be

confirmed through long-term tests.

Keywords: ERANS Ailoys (113MA,KSN), Ni-Cr-W Superalloys, Cr-W Balance, B
and Zr Addition, Creep Curve, Creep Rate, Creep Rupture Strength,
1000°C, Low Cycle Fatigue Test, 900°C, a-W grain boundary precip-
itation Treatment, Metallugical Observation, Carbide, Sub-grain,

Crack Mode
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2. EMBLUERFTE

2.1 #=8

Table 11 6 MHOMEMOLEHEETR T, 1 13MA & KSNRILHREOK T oft@lics T
S BOERERICERERINLDT, Ni —Cr —WHESDEALLHLDTHS, 113
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WE ST T AR D L -7 TH S D,
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Table 2 CEMEW & LOHEHFTHEAL -~ 7 LB KON E T, WHEETHEAR
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I He—2%~—2kL, 35t CH,. B4 EMSEL-6D0TH 5, HIBE He , 248 He —
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FERI~BE LT, ZOEBETHNZ NI —Cr-WaLD1000TCToHEEITE, He -2 &
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SR 25 LTUREBSRART LE D L3540 TH L, CnIEESHHEITHT 5MMEK
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T =5 OEBAESKOTDERELT, 14028BEP63620100000h TOZ Y —7ikkrad
FiftEd s, Fh¥FN, 2.3 kgl /mm?, 1.5 kgf, /mm® 2450, BAELbTIHEATE Y0
Ve FORREOEL FELERSEOND,

Fig., 3lBASOBEHG & HBOOMELEZRTLOTH 5. REMICH T a — WHTHHRLER
THSH1 1 IMADEENFE D, MOESETEI 000 h FiigE TREKHBFICRELERE L,
6362510 KSNRIEMEICA 2 EFHHOOE FTHELVA, 140 2THENFRD 2500
h BETH20%ULOEMAR T 5, 11 SMAREREETE o —WIHHLEOR R <
Y, AL ) - TR OB EED U NLL0DNT VS &b 6, Btk
(>900h ) HITHEHEETFLTW b LEbh 5,

Fig. 4i10007C, 4kgf/mm’® OAWHEAT TR NS ) —THMEERT, & O THEY
WCEE, 1402TVDHYWAEERS Y —7LEBZONITAMPFHFICRNCLETH B, —Hithd 3
BETRCOMKIEN . 48856 2BOTLARLTOAH 11 3MA Tl 2 BB OB
AEERE TR THAELEEL CNSL,

Fig. 5 Fig. AR ULIAFETEREY ) —7#HELRY, CAXBRIEICHLT7ay + L
1EDTHbH, CORPS140207 ) —7TEESMDIESELD SRV &M E, KSN &
636 2RE[LEEZ)—7THEEARL TS, 113MA (MD) T 57 1 —7THEEDIG
IMEEHEMO 368 L3RR, Chida—WoRFRIFHAEDoHhb LR,

REROANTLD 7 ) — PEUTRBRI G ORREEAEH LT, WHEHE OBMGER Lions
Fig. 6 TH%, KSND110h BWHMERNT, HOETORBTRESBDONS, LT
1402 0BRESE O, BN (2500h ) TREOBSRDOLT S, 113MA &
KSN TREZRESENTEEICH U THENBERCENL Th %, —4, 6 36 2 THERMATA
RERRBENT AERICH S, CHODMRAEABHEICERFHAITHE ST OORE ShAHEET ST
EWEHROEETSH D,

Photo. 137 Y —7EWEkoLBHEOMBNLFZRY., WIhd LROFHRERRY 7 v 7
ONTHE, TEIGHEHBROIIC kS 2GRS THE, 6362, 1402, 113MAKEBLTIE
FEFEICH ARSI RDS S0 80, KSN THFESHR -2 D LTVREL, EHohLET
(3, BFRITHALSETHEY, MR T ESSEE LT 505, 11 3MA TREAEFHDOBSE
Ao L b EF L, TOFETHAOHMMTHMOEIDIL VLS THE, 63627
R AN <, RIRAHAIT 2 00 RE TH 72,
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Photo. 2 3REMLETEN L8840 TEM BEERTH S5, WThoagfitsLTHHERO
s LT (503 HkofrtErEvonsd (BELE) . 72140 2 TEZ oAk
DO A A 7L DI H LT 5, THUE BORMIC L OB LEb Licich EEAL
S5hb. BEOTBRIFEY LEMOEEMFRART, 1402 TEREHOML WA LD
FBEAEIE LTy SBFHR oD,

Fig. 737 —~ WMt oRERsioSmmEg (1 0%HC/ - CH,OHBREREM) ©X
BMEITHEREER LTV S, FALLLICa~WHFHLTEYD, 6IC113MA, 6362, 1402
TUEM.: Cs 8, $7 KSNTR MCOHHH LTV B, (Me3Co BEUMCIRDVWTIRE 7 —
FROHBIEEFANTH L, 0 —WRAD Y -7 3 FhETNOH 7T E~271ITiET 5, )

Photo. 3 & 437 ) — 7t o ER S L CHREO EPMA BANTEEZRT DTH b,
Photo. S THREXZEDOME/LEEE6 36 2 TIERBEIBICCr, MnD@{LY, €O M Cr, TiD
LS R ENT VD, —H 1402211 3MAOKTEEER Cr, Ti OBILHTHD,
KSN T Cr oB kI TH 5,

SHEINE OR Rl L ORI BT 2 HEIco VTR, Photo., 4 5L TR EMBHALHTH S,
636 2T, BRICHROEYH LUKOOHEIRED SN 5, X ERFToER»r oAED S
DIFA—W, KEDIE M,:C; THAET EMbb, THHATEAa-WEEFETIHIMA TET
OM,:C e HWBEELT VA, 1402 THECHEMASD ONBEBHAEDM,sC o BHEAMEL TV S,
ZRE7 ) ~ 7R EL (25000 ) CEitEETAEEEDNS, 11 3MAKKDVTE
EREOHEEIDED b, KSNTit, XHEROHREGETELL S, HAICRA-WEMC’
P LTED, MAICEFICHIEE a —WHBA LTV A, MARKET 5 a-WoHoEER,
KSN, 6362, 1402, 113MADIRIKE{ L >TW{EMICH B,

3.1.2 EEt~U YA (BE) cho s ) — 7

1402, 113MA, 636 2%{#EAMELL,

Table 313140207 ) =7 TF—9%5F,H&DTHB,

Fig. 8ICEMISSEHMISIOMEE T, BMikFMmEI 6362, 113MA, 1402 DJAK
Bl oTl b, COXHINERBELEDIF, Cr EWDNF y2AL D bMBCRICERT 560
LHEEEAND, 6 36 2 THE~Y 7Aoo EE EEE5/05HiC0.3% Si, 0.9 8 %Mn BE
MEnTWaH, Zhads ) —7HEETOFLEREEZ SN, BLEY ORINTY V-7 HEE
FLETHETEXADH, 636 205%ORETHS, 1402080727 ) —THERBELZr
OEAENICLEb0EEZ N5, £ OEME e 4 mmOMETH 51T bhb o T BENS
, $I2 0%BOEHAE LTA (Table 3BH) &b, 14028~ 7442 LMD
MTREUEIEGECEEbn b,

Fig. 9 KAMIEHERNY ) -7 EEOMELER T, 7)-7EEN 10 *~107 B hOfHAT
i, 1402&1 1 3MADRICHSATHEERAED NI, /v YORDBRTITSELT,
140 2DEHiEHARDDEE, n=815E@ESBOLNS, L LIRS RME (T
¢ 4mm, G.L 3 0mm) OBEFABRHTHYH, EEORBR FHVMEOER EEELHEITE
i,

Photo. 5iC 14 0 2 @7 J — 7HkE OLFERSHHES R T, RACHMITHY, hficsd
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HRAILL f T8, MFEFE O EREBE I A 6 b,

Fig. 10 1402&113MADYY) 74 RT. dBROIBRETEEIMETRELD
CEIT#551402Tide4mm, G.L30mm, 113MATIE® 6mm, G.L30mm)EHELD
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Table 3 Creep properties of a nickel-based 26Cr-17W alloy(1402)
at 1000°C in JAERI Type B helium

Stress Time to | Rupture Reduction Min.creep
rupture 1 elongation | of area rate
kgf/mm® | Mpa h 3 % 2/h

5.5 53.9 74.6 24.7 33 5.3 x 1072
5.0 49.90 1857.0 Z20.6 35 3.4 x 1072
5.0 49.0 141.8 20.3 34 1.3 x 10°2
4.5 44.1 454.3 21.3 31 5.7 x 10-?
4.0 3.2 1021.6 17.0 31 a.0 x 10-?
3.5 34.3 2569.5 2.0 38 1.3 x 103
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Photo.5 Microstructure of a nickel-based 26Cr-17W alloy (1402) at 1000°C
in JAERI Type B helium

(1Y,(2); Stress; 5.5 kgf/mm?, (53.9¥Pa), Time to rupture; 74.6 h ,
Rupture elongation; 24.7%

(3),(4); Stress; 4.0 kgf/mm?, (39.2MPa), Time to rupture; 1021.6 h ,
Rupture elongation; 17.0%
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1401 Ae=12 % 1402 Aeg=12% 1404 Ag=12%
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113MD Neg=12% KSN NE=12%

Photo.6 Observed cracks in the fatigued specimens
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NE=04% NHNE=028%
900 T, JAERI— B He

S5S5113 MA

Photo.10 Scanning electron micrographs of typical
fracture surfaces (SSS113MA)
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I BICHhN, BRLUECH S, INES CriicuaeoRBEEMSETLTH (I LILL S,

BEEBILOMESES 288 %, 64N 1 450icsY, BXWICFig A6 iTng . BILEE
SFAEMET, BRICESEERRERZ 5 v 7 OFETETHECEL - T 5, RERESY
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EA. ECEWASD—oTHS Ni —2 6Cr — 1 6 WASEEE 7Y — 75 K A HBTE
HeAL 10 O THEHEE D P EERNVETEA T &E LS LIRSS S

1.2 Ni—Cr —WRB2D IV - THNESHCRIT MBITROIRMIE

L2.1 fEM RUEHBAE

HIEICEELAZ NI —26Cr — 1 6WASAHEERL LT, Hits{bABHNELTWA BN $/:
Ni—26Cr — 1 7TWIL2\"THtRp SHINASSLOME, EHOEICHENS LHEENTV BB,
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Hf AN TH 5. 1404 TRHHPEEME00S wt BERKNMIC FPED-72DTIITI
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# 2kgf /mm® OBREAF LTS EHEEND, WHEHE Zr 250HESFBERENMA LT 113
MALbOHENRTHS (Fig.A. 8). Fig. A.8RUFig A SOER 7 J—7HEOLKTH
MOBIETEEZ ) —FEEOETICETE, Zr BiERoR LICEILL, B+ Zr 0BRSHIM 55
I, METAdG & bERERICE st B b NS,

Photo. A 1121401, 1402, 1404®1000C BV TH1 000 h THML-EHEOEH
BETH DB, COEEMSBERNMTIIERD a —WoOMICHMMAM,C,s 28i3iEH —cfrii LT
BT bbb, EEI ) —7EEDEKT IR COMIMIEM, ;C, CX20HBILILELEbDEELL
15,

Photo. A.2iC Z r BANIMICA Sz BRIEE OB TS 5, O & S EEHEHEDEAF ITET
B0 ZriMOBETIORS ZrlmM (1401, 1402) REMEMsRELZbDLE
Hbhbe

DLoOEESLEESEELTNI—26Cr—17TW—-B—2Z2r (1402) Y LT, K7wo
&4 (113MA, KSN) BRUEFRHIESS (636 2)icD20 T NRIM~He — 2/ %0 JAERI
—~B—HethTER#EEOHABAT L &IT LT,

Table A.1 Chemical compositions of the slloys (wtk)

C Ni Cr W Ti Zr Cr/{Cr+W)
No. 13 | 0.045 ; 52.58 | 32.50 14,19 | 0.50 | 0.02 0.70
No. 14 | 0.044 | 56.29 | 26.60 | 16.43 | 0.53 | 0.02 0.62
No. 15 | 0.044 | 58.87 | 20.25 | 20.19 | 0.52 | 0.04 0.50
No. 16 | 0.040 | 59.26 | 14.77 | 25.30 | 0.50 | 0.04 0.37
113MA 0.050 | 57.23 | 23.60 | 18.40 | 0.54 | 0.03 0.56

Table A.2 Chemical compositions of the alloys (wt%)

Alloy| C | Cr w | Ti | zr | HE | B 0 N | Ni
1401]0.05/25.94116.62]0.52/0.03 | ——— |0.001|0.003 |0.0016|Bal
140210.05(26.16|16.84(0.52]0.04 | === |0.005|0.0039]0.0016Bal
1404 | 0.05|26.08|16.62{0.52|0.002{0.01|0.004|0.0053/0.0019Bal
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Fig. A.l Ternary phase diagram of Ni-Cr-W at 1000°C
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Fig. A.2 Stress versus time to rupture for
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Fig. A.3 Relationship between creep rupture strength
and Cr/Cr+W ratio at 1000°C in He-2'
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Fig. A.4 Creep curves and creep rate of the alloys under
initial stress of 3 kgf/mm? at 1000°C in He-2"
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Fig. A.9 Relationship between stress and steady state
creep rate of the alloys at 1000°C in air
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(a) (b) ()

Cr-W alloys at 1000°C in air

Photo. A.1 TEM micrographs of Ni-
(b) 1402 ruptured after 929 h

(a) 1401 ruptured after 998 h
(¢) 1404 ruptured after 936 h

the occurrence

Photo. A.2 TEM micrograph showing
1401 ruptured

of dynamic recovery in
at 1000°C in air
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C Ok S MRS B, AASOMn, S| OATRAELOT @ —WPR{LIS O IR
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