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Abstract:

Void swelling and precipitation behaviour under 200 keV
proton irradiation of three PNC experimental alloys(No.l,No.3
and No.1l3) were investigated in the state of solution annealed
and 15% cold worked condition. Helium of 10 at.ppm was pre-
injected at room temperature. The main results are as follows;
1) In the temperature range of 500,550 and 600 °C at the dose
of 20 dpa, void and swelling were only observed at 500 °C.

The swelling is reduced in the order of No.l, No.3 and No.l3.
Max.swelling of No.l was 9.6 % and mim. is 0.13 % for No.l3.
Swelling peak is infered to be 500 °C or less.

2) In the range of 10,20 and 50 dpa irradiation at 550 °C, the
void was only seen in No.l specimen. Higher nickel content is
concluded to decrease the swelling. ,

3) Comparison between No.3 and No.l3 at 500 °C irradiation
revealed that the Tmei3Nb alloy(No.1l3) is more resistant to
swelling than JM—Nia(Ti,Al) alloy (No.3).

4) The precipitation of TiC, 7'and 7’precipitates were observed,
but the correlation between swelling and precipitation is not

certain at the present.
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Chemical composition of samples. (wt.%)

Condition of heat treatment and cold work of samples.
Temperature dependence of void swelling. Preimplanted He
is 10 at.ppm. Displacement damage is 20 dpa.

Dose dependence of void swelling. Irradiation temperature
is 550°C. Preimplanted He is 10 at.ppm.

Summary of void characteristics. Preimplanted He is 10 at.ppm.

Transmission electron micrographs of No.l irradiated by 200keV
proton at {a) 500°C, (b) 550°C and {(c) 600°C. Displacemenht damage
is 20 dpa. Preimplanted He is 10 at.ppm.

Transmission electron micrographs of Ne.3 irradiéted by 200keV
proton at (a) 500°c, (b) 550°C and (c) 600°C. Displacement damage
is 20 dpa. Preimplanted He is 10 at.ppm.

Transmission electron micrographs of No.l1l3 irradiated by 200keV
proten at (a) 500°C, (b) 550°C and (c) 600°C. Displacement damage
is 20 dpa. Preimplanted He is 10 at.ppm.

Transmission electron micrographs of No.l irradiated by 200keV
proton at 550°C. Displacement damage is (a)8.5 dpa and (b}50 dpa.
Preimplanted He is 10 at.ppm.

Transmission electron micrﬁgraphs of No.3 irradiated by 200keV
proton at 550°C. Displacement damage is (a)8.5 dpa and (b)50 dpa.
Preimplanted He is 10 at.ppm.

Pransmission electron micrographs of No.l13 irradiated by 200keV
proton at 550°C. Displacement damage is (a)l8.5 dpa and (b}50 dpa.
Preimplanted He is 10 at.ppm.

Transmission electron micrographs of No.l irradiated by 200keV
proton at 5350°C, Displacement damage is {(2) 8.5 dpa and

{b) 50 dpa. Preimplanted He is 10at.ppm. (a) Dark-field image

of PiC formed by a (002) spot in (110) diffraction pattern.

(b} Dark field image of precipitate.

Transmission electron micrographs of (a)No.3 and (b)No.l3
irradiated by 200keV proton at 550°C, Preimplated He is lOat.ppm.
Displacement damage is 8.5 dpa. (a) Dark-field image of
precipitate. (b) Dark-field image of y' formed by a (020) spot
in (100) diffraction paﬁtern.
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No.

13

.055
.059
.046

8i
.25
.21
.15

Mn
.19
.20
.20

P s Ni Ccr Mo Co N
.018 .004 24,67 15.05 2.40 .01 .0042
.026 .0037 35.97 14.%6 2.51 <,001 .0038
.028 .0031 35.62 15.12 2.50 .003 ,0077
Table 1 Chemical composgition of

B Al
.0034 .96
.0049 .92
.0049 .58

samples.

i
2.59 <
2.53
1.586
(wt.$%)

Nb Zr Cu
.002 .002 <.02

3.18

o
.002




Solution treatment Cooling
No.l 1050°C x 1lOmin. A.C.
NO.3 1040°C x 1l5min. W.Q.
No.1l3 1090°C x 15min. W.0.
Table 2 Condition of heat treatment and

Cold Work
15%
15%
15%

cold work of samples.




Number Temperature ' Void Characteristics

{ °C ) Mean Diameter Number Density Swelling
{ nm ) ( 10}9/m3 ) _ { %)
500 131.0 6.54 9.6
1 550 - - 0
600 - - 0
500 66.1 6.76 1.6
3 550 - : - 0
600 - - 0
500 29.0 | 8.50 0.13
13 550 - - )
600 - S 0
Table 3 Temperature Dependence of Void Swelling. Preimplanted He

is 10 at.ppm. Displacement damage is 20 dpa.




Number Dose Void Chaiacteristics

{ dpa ) Mean Diameter Number Density Swelling
( nm ) ( 1019/m? ) (%)
8.5 - - 0
1 20 - - 0
50 55.8 7.47 1.5 _
48.9 _ 0.79 . 0.065
8.5 - - 0
3 20 - - 0}
50 - - 0
8.5 - ' - 0
i3 20 - - 0
50 - - o)
Tahle 4 Dose Dependence of void swelling. Irradiation Temperature

is 550°C, Preimplanted He is 10 at.ppm.
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rIrradiation . Mean Diameter}ngumber_Density;..Swe;ling '
‘Temperature dpa - ( nmo ) (1lol¥f/md ) o (s

1 0] EE 20000 131 B 6.54 o S 9
850 . 50 .. .55.8 . (7.47 . g

3 L LBQO 20 ST GG L 6.76

9.6
1.5 -
S 48,9 0,79 et 0,065
. T €
0.1

'$; f3l3fff~V”Fﬁ590:ﬂf;' 50 TTTTTTEe 0 8.50

. ‘mable 5 = Summary of void characteristics. Preimplanted He is 10 at.ppm.




Photo 1 Transmission electron micrographs of No.l irradiated by 200keV
proton at (a) 500°C, (b) 550°C and (c) 600°C. Displacement damagé
is 20 dpa. Preimplanted He is 10 at.ppm.



Photo 2 Transmission electron micrographs of No.3 irradiated by 200keV
proton at (a) 500°C, (b) 550°C and (c¢) 600°C., Displacement damage
is 20 dpa. Preimplanted He iz 10 at.ppm.




Photo 3 Transmission electron micrographs of No.l1l3 irradiated by 200keV
proton at (a) 500°C, (b) 550°C and (c) 600°C. Displacement damage
is 20 dpa. Preimplanted He is 10 at.ppm.



Photo 4 Transmission electron micrographs of No.l irradiated by 200keV
proton at 550°C. Displacement damage is (a)8.5 dpa and (b)50 dpa.
Preimplanted He is 10 at.ppm.




Photo 5 Transmission electron micrographs of No.2 irradiated by 200keV
proton at 550°C. Displacement damage is (a)8.5 dpa and (b)50 dpa.
Preimplanted He is 10 at.ppm.



Photo 6 Transmission electron micrographs of No.l3 irradiadted by 200keV
proton at 550°C. Displacement ddmage is (a)B.5 dpa and (b)50 dpa.
Preimplanted He is 10 at.ppm.




Photo 7

Transmission electron micrographs of No.l irradiated by 200keV
proton at 550°C., Displacement damage is (a) 8.5 dpa and

(b) 50 dpa. Preimplanted He is 1l0at.ppm. (a) Dark-field image
of TiC formed by a (002) spot in (110) diffraction pattern.

(b) Dark field image of precipitate.




Photo 8

Transmission electron micrographs of (a)No.3 and (b)No.l3

irradiated by 200keV proton at 550°C. Preimplated He is 1lOat.ppm.

Displacement damage is 8.5 dpa. (a) Dark-field image of
precipitate. (b) Dark-field image of y' formed by a (020)
in (100) diffraction pattern.

spot






