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Effects of Thermal Aging on the Low Cycle Fatigue Behavior of
Ni-15Cr-25W Alloy in the Simulated HTGR Helium

Kazuo FURUYA, Takashi YAMAMOTO, Toshio KAINUMA and (ate) Jky UcHIvAaMA

Synopsis :

The effects of thermal aging on the low cycle fatigue behavior of Ni-15Cr-25W alloy (KSN) were in-
vestigated at 1273 K in the simulated helium gas (He-2) for High Temperature Gas—cooled Reactor
(HTGR). Fully reversed strain control tests were made at a strain rate of 1 103 s~! with holdtimes of
0,6 and 60 min. The thermal aging at 1273 K for 1 000 h caused the precipitation of «, phase (bcc—W)
in the matrix and on grain boundaries of KSN.

Although a degradation of fatigue lives was observed with increasing the period of holdtime for both
solution annealed and aged KSN (KSN-SA and —~AGE), fatigue life was significantly larger for KSN-AGE
than that for KSN-SA. The morphology of intergranular fracture of two materials indicated that the
existence of «, particles at the grain boundaries increased both cycles to initiation and those to propagation
of fatigue crack. The role of o, precipitates was to reduce the weakening of grain boundaries and the ox-
idation rate by changing the corrosion products at a crack tip from Cr-oxides for KSN-SA to Ti/Al-oxides
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for KSN-AGE.
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Table 1. Chemical composition and the results of EDS analysis of alloy KSN aged

for 1000h at 1273 K (wt%).

Analyzing mode Cr w Ti Zr Al Ni Others
Chemical composition 14, 85 23,61 0. 360 0. 050 0.130 Bal. C and Nb
Scanning analysis
Whole area of photo. 1 14,5 27.7 ND 0.4 0.7 57.8 —_
Point_analysis shown in photo. 1.

KC1 Matrix 14.5 25.0 0.1 0.5 0.6 60. 9 —
KC2 a, precipitates 0.8 99,7 ND 1.2 ND 4.6 -

ND: not detected.

11, Xbhic 1273K, 10-4Pa LI FoEZed¢ 1000 h
Begh L, ar H% HFH SR Bghet (KSN-AGE) ~ L
7o, - ORREBF-EFE Cr RSBA 20 pm FREEAR

LAt BB b lEEL, o By BB gt
L.

41 7 A FEFRBR OR, RBREEE & 57 A
O LRBETHSH. < VELEBIROTLEE T, HE
23 1x10-3s-1 DSELTR ) ZAFHE, oK O &
KB D OF B RS 6 min 2 60 min fijz 7o
BRETH L. AROTH30.02, 0.01, 0.005 D 3 7k
BT, RBREEIT 123K Tth 5.

SREAFHESEEAEO SRy A AL He o—oT,
EFERERO FROERY B L2 He r 2 ThH
5. ZoHFAFZE HO: 3, H,:300, CH,:4, CO
: 100, CO,: 1ppm ORMPNREFTH T\ 5 1o ¥,
KSN diz & h s 5ED 5% Cr, Ti, Al 72531273
K ciftxhs. He ¥ A0S ERRAO v— 7 K
X 7ot v— T EERd R A v AR Bl
to. ZOORFHICE HO A2 T v ievs. Fiow
AFEATFEBESENEY 10-7Pa ¥ CHEHZEHR L &7
W, FH% 39.2 kPa, i B A 5x10-2mPs-! L L.

WM Lo B R i A RIEE (SEM) LR LU=
FAF —DHEXG <A 70 T7F5 45— (WDS F1:
11 EDS) #H\WTCHH~7:. EDS 0EES I CITERER
Fa WL HEAAL, S OICERERDFICHBFES
EEhTVBEAER, BEHIVLFERYIEEHTH
5 ERE L CHENBER2T oK.

3. R BB B

3-1 B4+ (KSN-AGE) ODiail

FeahBE L 7= KSN o SEM & H % Photo. 1 {2 7R
T, BB TORRCHOTHE LTS8 WL F ik
ay #HTH b, Table 1 & EDS ofiEx/RT L 5
9% M EOWHEEATWS. EDS 0B o b2t Hifl
FHET S Cr EIWORBBERC ) OEREL TS
2%, CAUREEEEERRIE R AV, BEAI A 1009 AR
fELiehs 2t dTh5D. BHRNACIESH 1 gmo

Photo. 1.

The SEM micrograph of alloy KSN
aged for 1000h at 1 273K,

oy MBI LT V5, ZORDERRART O &
BTHORETEMRN Lich, REEREMR LI
T 5 Eitlem ot

3.2 EYAIIEFRROGER

Fig. | wixfREHR N - OFHr—7 2 LT, B
e BHoO O Tavk b2 oy R, i
L, BABIEY O TR TOREORICET 2 KE LK
FHER L, FOROIEFEHECA U5 BE RIS
ThDH. FTi, <VELEOHEIMCE $7cH v— TR
DB & RIEH T & A EED I DOT.

BABIE D O TR FmEME (1) 2ELIRBED
ISR (do) &< hELHE (N) oPBfR% Fig. 2 R
L. <0ELo@iiciRs 2 EFERED 4o 12 1,
Iz & A SR LIS, HOHER R RIR O J A AL
I TrekEv. —F, RREIICE T o p
EFLIEDS SDELEIE it WKELSKEL, o O
W & b fe o TR T AT H B ERFT, R
TR X ) KERfEEZRL TV 5.

BB F R R o JE g AR 0 — Bl % Fig. 3 WOIR
L. HMEEETRELES DRRBRIHOEERFCHE b
hipTH Y, BENZSIE b QIRKIENZ E H K O
1/2 WIE F LD D THD. EHFFORMBEB) LT
e L A BEREFEAEZTRVORKL, REBERINO

— 105 —



252 B X WM #7014 (1985) m2E
O (MN/m?) KSN -AGE
] Truncated wave
A€y =0.01, E=1x1035"!

th =60 min

Fig. 1. Typical example of
stress-strain loops obtained

’_\J 180 200 220 from low cycle fatigue test
140 160 ! of KSN-AGE at 1273K in
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Fig. 2. Changes in stress range (do) of KSN-
SA and -AGE with increasing strain cycles (N)
at 1273 K in He-2.
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Fig. 3. Stress relaxation curves of KSN-SA and
-AGE during a 60 min holdtime at 1273K in
He-2.
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a) KSN-SA, no holdtime, b) KSN-SA,

60 min holdtime, c¢) KSN-AGE, no hold-
time and d) KSN-AGE, 60 min holdtime.
Photo. 2. Fractographical results
for KSN-SA and -AGE after fa-
tigue tests at Je;=0.01 with fp=
0 and 60 min at 1273 K in He-2.

— 107 —



254 % oL M Tl (1985) B2

al tb =0 min

a) no holdtime and b) 60 min holdtime.
Photo. 3. Mictrostructures show-
ing surface fatigue cracks on the
cross sections of KSN-SA after fa-
KSN-SA . .
AEt=0.01 tigue tests at de;=0.01 with ¢;=0
t=9 and 60 min at 1273K in He-2.

KSN-AGE
4&t=0.01

i B

b) th=60 min

a) no holdtime and b) 60 min holdtime.
Photo. 4. Microstructures show-
ing surface fatigue cracks on the
cross sections of KSN-AGE after
fatigue tests at Je;=0.01 with £,
=0 and 60 min at 1273 K in He-
2.

Table 2. Results of EDS analysis for surface cracks of the specimens after fatigue tests at
de4=0.01 and ¢,=60 min, shown in Photos. 3 and 4. (wt%)

Analyzed point Cr w Ti Zr Al Ni Others
KSN
K1 Matrix 14.6 24.3 0.4 ND ND 59.6 —
K2 a, precipitates 1.8 91.4 ND ND ND 7.1 —_
K3 Crack tip oxides 60. 1 0.8 L7 0.8 ND 1.3 Oxygen
K4 Crack surface oxides 57.0 0.3 1.1 ND ND 1.2 Oxygen
KSN aged for 1000 h at 1273 K
KAL Marix 14.3 25.3 ND 0.2 0.3 60.0 —
KA2 a;, pricipitates 0.9 99.0 ND 1.6 ND 3.6 —_
KA3 Crack tip oxides 11.9 10. 4 16. 4 0.9 7.0 23.0 Oxygen
KA4 Crack surface oxides 52,3 2.2 4.8 0.2 2.5 7.0 Oxygen
KAS5 Surface oxides 61. 9 L1 4.5 ND 0.1 0.6 Oxygen

ND: not detected
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Fig. 6. The compositional changes of corrosion
products in the surface cracks of KSN-SA and
~-AGE with a normalized crack depth (D/A4) after
fatigue tests at Je;=0.01 with ¢;,=60 min at 1273
K in He-2. The data were obtained from EDS
analysis.
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Photo. 5. Characteristic X-ray ima-
ges of Cr, W, Ti, Al, Zr and O ob-
tained by WDS at a tip of surface
crack of KSN-SA framed by a black
line in Photo. 3, b).
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Fig. 7. The SEM photographs and characteristic
X-ray intensity profiles of Ni, Cr, Ti and W of
the fracture surfaces of KSN-SA and -AGE after
fatigue tests at 4¢;=0.01 with £, =60 min at 1273
K in He-2.
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Fig. 8. Schematic drawings of strain-time and
stress-time curves, and corresponding crack
morphologies of KSN-SA and -AGE during
fatigue tests at 4e;=0.01 with £,=60min at
1273 K in He-2.
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Fig. 9. Relative X-ray intensity profiles of Cr,
W, Ti and Al on the cross sections of surface
fatigue cracks of KSN-SA and -AGE shown in
Photos. 3, b) and 4, b) as KS1, KASI and KAS2.
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