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Effect of Serrated Grain Boundaries on Creep-rupture Properties of a

Wrought Cobalt-base Alloy

Manabu TANAKA, Hiroshi 11ZUKA and Fumio ASHIHARA

Synopsis :

Effect of serrated grain boundaries on the creep-rupture properties of a wrought cobalt-base HS-21

alloy are investigated in the temperature range from 1 089 K (816°C) to 1 311 K (1 038°C).

The strength-

ening mechanism of serrated grain boundaries is then discussed based on the authors’ grain-boundary frac-

ture model, in which the recovery effect by diffusion of atoms is taken into account.

Specimens with

serrated grain boundaries showed higher creep-rupture strength and larger rupture ductility than those

with normal straight grain boundaries.
lower temperatures.

Especially, large difference in the rupture ductility occurred at the
A ductile grain-boundary fracture was observed on the specimens with serrated

grain boundaries, but typical grain boundary facets were found in specimens with straight grain boundaries,

except high-temperature low-stress conditions.

The results of the theoretical discussions based on the

model suggested that the strengthening effect of serrated grain boundaries is correlated to the change in
the creep-fracture mechanism of specimens with the creep-rupture test conditions.
Key words : creep ; cobalt-base HS-21 alloy ; serrated grain boundaries ; straight grain boundaries ; creep-

rupture strength ;
ture model.
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Table 1. Chemical composition of HS-21 alloy used (mass%).
Material C Cr Ni Mo Si Mn Fe B \' P S Co
HS-21 0.27 26.71 2.37 5.42 0.59 0.64 0.09 0.003 — <0.005 0.007 Bal.
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a: Specimen S (Furnace-cooled to 1323 K after solution-heating
for 3.6ks at 1523 K and finally water-quenched) b : Specimen
N (Water-quenched after solution-heating for 3.6 ks at 1523K)

Photo. 1. Microstructures of heat-treated HS-21
alloy.

= 450
=
& _
2 HS-21 j
kS
3 A
L RN
& Il o s
£ 4001 NN
3 L o
= N
g |
£ o Specimen S
© A Specimen N
= 350} P
o
g Specimens are held for
.;_3 10.8ks at each temperature

o
300 L—/f’

As solution—
treated

1089 1200 13N

Temperature (K)

Fig. 1. Matrix hardness of specimen S and speci-
men N after 10.8 ks holding at 1 089K or 1311 K.
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Fig. 2. Rupture lives of specimen S and specimen
N.
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Fig. 3. Creep ductility of specimen S and speci-
men N.
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Fig. 4. Examples of creep curves of specimen S
and specimen N.
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a, ¢ : Specimen S

Photo. 2.
under a stress of 108 MPa at 1089 K.

a: Specimen S
Photo. 3. Transmission electron micrographs of
thin foils of specimens ruptured under a stress of

137 MPa at 1 089 K.

b : Specimen N
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b, d : Specimen N
Microstructures and fracture surfaces of specimen S and specimen N ruptured
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a, ¢ : Specimen S

Photo. 4.
under a stress of 29.4 MPa at 1311 K.
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b, d : Specimen N

Microstructures and fracture surfaces of specimen S and specimen N ruptured
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Table 2. Physical constants used for the calculations of the relaxation time.
Grain-boundary diffusion Volume diffusion Lo . . N .
Temperature (K) coefficient of coefficient of Rigidity of Stfgl)];te 6B, Pmsso.n s ”ﬁ'g‘)’*"f
Co, Dgp (mz/s)go) Co. D. (mz/s)zo) # (MPa) Stellite 6B
$] td v
1089 5.2x10712 7.1x10718 6.9x10* 0.32
1200 2.7%x1071 1.0%x10716 6.4Xx10* 0.32
1311 1.2x10710 9.1x10716 6.0x10* 0.32

0=6.71X10"8m?2) § %25=5.0x107 10,2V
L is 1.0X1075 m for specimen S and 3.75X1075 m for specimen N.
* Extrapolated values

Table 3. The relaxation time of the recovery con-
trolled by grain-boundary diffusin (z;) or volume
diffusion (r,) and the critical length of sliding
boundary (L.).

Relaxation time (ks)
Temperature (K) L, (m)
Specimen S Specimen N
1089 (tp)=150 (75)=8 200 9.2x1075
1200 (5)=35 (z,)=1700 3.4%X1075
1311 (r))=9.4 (z,)=210 1.7%X107%
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