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Effect of grain refinement on the stress rupture property of K447A alloy
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Abstract: Grain refinement can effectively enhance mechanical properties of materials at low and medium temperatures, however, it
may weaken the stress rupture property above the equicohesive temperature. To study the effect of grain refinement on the stress
rupture property of K447A alloy, the microstructure evolutions of alloys with three grain sizes and their corresponding stress rupture
mechanisms under the conditions of 760 °C/724 MPa, 815 “C/600 MPa, 870 °C/365 MPa and 980 “C/210 MPa are investigated using
scanning electron microscopy (SEM ) and energy dispersive spectroscopy( EDS ). The results show that the equicohesive temperature
of K447A alloy lies between 815 °C and 870 °C. Grain refinement shows a temperature-dependent effect on the stress rupture life of
K447A alloy. At 760 “C/724 MPa, as the grain size decreases from 5.0 mm to 1.3 mm and then to 58 pm, the stress rupture life of
K447A alloy increases from 83 h to 115 h and further to 194 h, respectively. At 815 °C/600 MPa, the stress rupture life increases
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from 31 h to 84 h, as the grain size decreases, and then slightly drops to 76 h. At 870 °C/365 MPa and 980 “C/210 MPa, the stress

rupture life shows a monotonic decreases with grain refinement. Therefore, grain refinement serves as an effective technology to

improve the stress rupture property of K447A alloy below 870 °C.The stress rupture process is dominated by intragranular

deformation below 815 °C, and grain refinement mainly extends the stress rupture life by shortening the slip band length and

increasing the volume fraction of y' phase. Above 870 °C, grain boundary sliding dominates the stress rupture process. The

deterioration of the stress rupture property due to grain refinement can be attributed to the severe grain boundary slip at high

temperatures, grain boundary oxidation and the formation of brittle AIN and a low-strength precipitation free zone( PFZ ).
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Table 1 Chemical composition of K447A alloy (mass fraction/% )
Al Ti Co Cr Ta \"Y Mo Hf C B Zr Ni
5.4 1.2 10.1 8.5 3.04 10.1 0.8 32 0.15 0.015 0.055 Bal.
(@  1x45° R5 (b) R5 R0.5
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Schematic diagrams of specimen for stress rupture testing under conditions of 760-870 °C.(a) and 980 °C(b)
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Table 2 Quantitative statistics of microstructures in K447A alloy

Volume fraction of

Volume fraction of

Average size of Average size of

Sample  Average grain size/mm y/y' eutectic/% v’ phase/% primary Y’ phase/nm  secondary y’ phase/nm
CC 5.0£1.1 2.1+0.4 34.4+1.9 724435 172+16

FG 1.3£0.4 1.9+0.5 45.742.9 70327 164+14

MG 0.058+0.017 1.8+£2.4 52.1£2.4 66521 11548
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Fig. 2  Grain distributions and microstructure morphologies of K447 alloy

(a)CC sample; (b)FG sample; (¢)MG sample;

(1)grain distribution; (2 )dendrite and /Y’ eutectic; (3 )y’ phase
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Fig. 5 Longitudinal microstructures of K447A alloy after stress rupture under different conditions
(a)CC sample; (b)FG sample; (¢)MG sample; (1)760 °C/724 MPa; (2)815 “C/600 MPa;
(3)870 °C/365 MPa; (4)980 °C/210 MPa



ArRLZ AL XS K44TA & B ATERER SR 155

1 mm

[———— ]

El 6 K447A G ARRIZMHETHRABOES  (a)CCilfE; (b)FG ialff; (¢)MG iAkE; (1)760 °C/724 MPa;
(2)815 °C/600 MPa; (3)870 °C/365 MPa; (4)980 C/210 MPa

Fig. 6 Stress rupture surface morphologies of K447 alloy under different conditions
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(¢)MG sample; (1)760 °C/724 MPa; (2)815 °C/600 MPa; (3)870 °C/365 MPa; (4)980 °C/210 MPa
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TR BE TR /N, Jr AR 76 i S Bk sl s R 2 L s
f) 52 B s e T T PRI, A v s R
i, A TRNEAFT O T, MG
TR 2L S A 2O AR A, i AL AL T
B, B, 5ERMEAE 50 ey m ok EEE
HLH R AU S EALTE I ALO, . Wt SE ALY AE B 1
THERT 5124, B it — R IE B0 2 b 5 1)
RFENFRIZA . AN S EEEL MY Al JFET
M #E 17 I B y'4H % 4k X (precipitation free zone,
PFZ) " SR, BTRN A1 T, AL RSOk
A AR LK R T 30 um, PFZ JE AL
0.8 pm, XI5 A RFATEBER 2 HLVE AT /N

MG RAFELE 870 °C/365 MPa #1980 °C/210 MPa
S T REA MR 5 2 1 A L0 AL RIZL,
Kl 7(c) . (d) & 8(e) ~ (h) iR . 7E 870 C I
980 °C X P B, SAfb X RE A PR RE R B 1Y
FAVERTTNLLF 3 A k% & 55—, &R
HEJE G2 5y, i O 74 #L, AH L 760 °C K
815 °C &4, MG iR BB R 10 S84k = . thF
PAZRK RBORTE, S T Ak r= 9 5 R 5 3Lk 1
AP A i 2L O BT 1T LB B SR i
SR 20 b ) it PR, Bk 3R i AL A )2
B/ RN N L (1) /17 34 £ R o S P N o
Kl 7(c) 7R, MG IRFETE 870 °C/365 MPa 54T il
T AL R BOR BE AR, 38 KT 760 °C/724 MPa
F1 815 °C/600 MPa 2544, 55—, W&l 7(c) M (d) 4L
57k B, MG UEELE 870 °C/365 MPa £l 980 °C/
210 MPa 5544 T R A Wi 25 T2 BUK 2 8 s R A
WA, 28 EDS 435081 A AING 38R 3% imi A Ak Bz
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K7 MG IHEAR R Z T R AW 2R A RO ML

(a)760 °C/724 MPa; (b)815 °C/600 MPa;

(¢)870 °C/365 MPa; (d)980 C/210 MPa

Fig. 7 Microstructures of oxidation cracks in MG sample after stress rupture under different conditions
(a)760 °C/724 MPa; (b)815 °C/600 MPa; (c)870 °C/365 MPa; (d)980 °C/210 MPa

El 8 MG iRk HITE 815 °C/600 MPa(a)Fl 980 C/210 MPa(b) &/ T EALZLLL AL eI 53 Hr

Fig. 8 EDS analysis at oxidation cracks in MG sample under different conditions of
815 /600 MPa(a) and 980 C/210 MPa(b)

PSR N i 75 LA ) N1, TR A AR IR
It O JFETHER, EiE e Al BT 5 N BT KW I
Hotk AINP' . Huang %™ 7E DS951 4 4 W55
I, EIR AIN MELUASTE FIRE AN 7, 23 i AR
AR MEE, & &g, K 7(c) F(d) B
R, T AR & AIN T AR, & S 24 S0 0 Y
AlJR + 20 4k 5 Bl 3 K, MGk & 7E 870 °C/
365 MPa Fi1 980 °C/210 MPa 45+ PFZ J& Ji 43 %]
KE] 2.9 um M 13 umo 55 =, 1 FHD y4H, PFZ
Br b SR AL 55 . AR 1R 7(d) H AR T TR

H, X} PFZ #£47 EDS S 4345 00, B 5 REHA
W 9 MG R RE y B0 A3 77 %8 1L Y 45 51 4
%3 Fik. Roth 255 gy & B, TR i AR AL
O SR IEAE ., A TAED, ML TREHA
WA MG BE &y 314, PFZ (1) O Al N JE Tk B
4K, Al Ti. Cr, Co, Mo, Hf, Ta, W 5 [E & 5® 1L
LU B WA, 7T W, PEZ [ 7 AL ORI B T
W B EE ARG PRZ 01 A5 500 il 4 Bk e b
JE UV BB LS AR AMERE . ST, B
AL IR R LS B B BE P AIN B2 AIRHR JE PFZ %



158 it = MoR R 5545 %
#3 PFZ RS y HEAERA T ORF 50 80% )
Table 3 Composition analysis of PFZ and original y matrix (atom fraction/% )
Position N O Al Ti Cr Co Mo Hf Ta A\ Ni
PFZ-Pt.1 2.52 2.94 0.85 0.51 6.72 10.22 0.45 0.36 0.55 3.23 71.65
PFZ-Pt.2 247 3.16 0.46 0.58 6.56 10.10 0.38 0.33 0.76 3.10 72.10
Original Y[m 0.00 0.00 7.57 0.85 10.25 14.78 0.47 0.37 1.48 4.90 59.33

K447A 4 4 1E 870 °C/365 MPa Fil 980 °C/210 MPa
KA T REAMERER S I B HEAEH .

3 Zig

(1) Pt 5 Shoki 401k, K44TA & 4 F5 A 5 1E
760 °C/724 MPa Z54 S SLE T, 7£ 815 °C/600 MPa
A R ST R AR, 7E 870 °C/365 MPa J% 980 °C/
210 MPa Z&AF N B/ o

(2) K447A & 4 F5 A F 5 i A T 815~
870 C. K447A & MFEAAIELTE 760 C/724 MPa
S 815 °C/600 MPa 514 2y LA il N B I Ry F 11 25
s 76 870 °C/365 MPa f 980 °C/210 MPa £51F
AL AR R TR TR A W

(3) Ak Zm b X K447A 44 1E 815 C LA R 4F
IR BE B B2 T R BRI RS A R (IR R AR SR
AR ) A 0 S AR D 555 S A O T R A AR ) AR
SR SR AN X K447A A4 7E 870 °C DL EFFA
PERE Y25 AR IA R T vl R A RS e A Ae B e ik
SENETE AIN R ARSRE R,

(4) 3T K447A & SR AtERermiifb, £xt
AN R IR A R BE AR Se i BN Al B4 3 1252 760 °C LA
R A% B DL BE T3 5 1 12255 815~870 °C IRAZ BT AL
YA s T2, 870 C L) b IR A I 196 32 5 4 1
T,
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