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Preliminary Study for the Fabrication of In-reactor

Creep Specimens

S. Tani, M. Kanikawa, K. Tada,
T. Kato and T. Ikkai

Abstract {

In-reactor creep is one of the most important properties of fuel claddings for
fast reactors. The objectives of this study are to establish the fabrication tech~
nique of in-reactor creep specimen size for the irradiation in JOYO MK-II core.

The results obtained are summarized as follows.

(1)  As a result of out-of-reactor creep-rupture tests, all the specimens
failed at claddings, which means that in-reactor creep specimens are

completely fabricated.

(2) Both the cladding length and the plug length do not affect the creep and
creep-rupture properties. It is possible to reduce the total length

of specimen to 34 mm,

As a result of this work, it is possible to fabricate the in-reactor creep
specimens for the irradiation in Phenix. It is also possible to shorten the

specimen and to use the irradiation space of JOYO MK-II core effectively.

¥  Material Monitoring Section, Fuel and Material Division,
O-arai Engineering Center, PNC
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Table 1 Mill sheet of cladding tube
Hezt No. Lot No. Cold Chemical Composition = (wt%)
Mill sheet No.|(cladding No.)|{Work c Si | Mn P S Ni cr Mo Co B N
Spec. [202% <075 129, =003 [<o02 P ol 299 0 [=0.10 £0.0005 |=0.010
0.043 | 0.65 | 1.67 | 0010 |0.005 | 13.69 | 17.50| 2.27 | 0.04 00003 | 0.005
Heat No. Ladl
LO 308 Lot L 18% e 0.045 | 0.66 | 1.67 | 0.011 [0.005 | 13.81 | 17.44| 2.28 | 0.04 {00003 | 0.006
Mill sheet  [(3143,3144) ’ ‘ . . . . . - . : .
No.S-74-9 0.048 | 067 | 1.66 | 0.011 (0,005 | 13.90| 17.44| 230 | 0.04 |0.0003 | 0.0071
Check
0.051 | 0.67 | 1.65 | 0.011 {0.005 | 13.87| 17.48; 2.25 | 0.04 |0.0003 | 0.0070
Tensile properties (R.T.) Burst properties
5 5 5 5 Grain size Hardr(n;ss
95 (kg/mm"“) doz (kg/mm®) e (%) P; (kg/cm®) Py (kg/cm®)
>75 >60 =10 =1000 =900 >6.0 -
85.6 76.3 16 1480 1330
85.7 76.0 19 1460 1320
9.5 270
85.5 73.3 18 1460 1320
85.0 72.7 18 1470 1320

61-¢8 TV6NL-ONd



Table 2

Mill sheet of plug

Chemical composition (wt%)

Tensile properties

Yield Tensile Hardness Heat Size
C Si Mn | P S Ni Cr |Mo |[strength | strength|{Elongation (Hs ) treatment
(kg/mm?) | (kg/mm2) (%)
Spec. |=008| =10 | =20 =004|=003 1000 [1600 1200 } 5, 53< | 40< | =187 -
~14.00{~18.00|~3.00
7D
Check | 005 | 0.28 | 0.78 |0.029| 0.016{10.08 |16.11|215] - 60 - 145 ST (SUS 316-B)
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Table 3 TIG welding conditions for plug (Outline)
. . Welding Welding Time for
Specimen No.| Type of specimen current time one pass
Al
26 A
A2
A7
A type 28 A 30s 25 s
A 18
A 21
30 A
A 22
B9 .
26 A
B 10
B 19
B type 28 A 30s 25s
B 20
B 23 30 A
B 24
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Table 4 TIG welding conditions for plug (Detail)

Parameter No. I I m
(1) Pass 1 1 1
(2) Arc length (mm) 0.4 0.4 0.4
(3) Time for one pass (s) 25 25 25
(4) Initial current (A) 20 20 20
(5) Welding current (I) (A) 26 28 30
(6) Welding time (s) 30 30 30
(7) Pulse current (A) 12 12 12
(8) Pulse frequency (Hz) 3 3 3
(9) Pulse width (%) 50 50 50

(6) Welding Time

l“ _—
—————— T T T T ]
2 1 L
~ =3 g -
, =] 8 8 g
5 E ) B Argon Flow : 8 ¢/min
5|0 - o
0 |
O "a g8 ) I 4
pe | 0 b
ot ' l ' A,-a — ]
= [ | 1 e = P
< Time (s) —
S

Welding Cycle
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Table 5 Creep and creep~-rupture Specimens
Specimen Type of Length of Welding Pressure LPressure
No. specimen cladding current at 14°C t 650°C
1
2 32 mm
3
6
7 A type 45 mm 28A
8
11
12 70 mm
13 2 2
54 kg/cm“| 174 kg/cm
16
17 32 mm
18
21
22 B type 45 mm 30A
23
26
27 70 mm
28
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Table 6 Creep - rupture specimens
Specimen Type of Length of Welding Pressuge Pressure
No, specimen cladding (g) current at 15.5°C | at 650°C
5 32 mm
9
' A type 45 mm 28A
10
14
70 mm
15 2 2
67.5kg/cm®| 216 kg/cm
19 :
32 mm
20
24
B type 45 mm 30A
25
29 70 mm
30
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Table 7 Creep-rupture test results (1)
Specimen | Type of | Length of Test Time to Ruptured | Failure
No. |specimen | cladding (¢)| condition rupture elongation| location*
1 1336~1450 hr | 6.7 % 8 mm
2 32 mm | 1336~1450 hr | 5.3 % 6~8 mm
3 1169~1336 hr | 6.2 % 8 mm
6 1336~1450 hr| 7.1 % 20 mm
7 A type 45 mm 1336~1450 hr | 6.7 % 8 mm
'8 1336~1450 hr | 8.3 % 8 mm
11 1169~1336 hr | 7.2 % 8 mm
12 70 mm 1169~1336 hr| 6.3 % 15 mm
13 650°C | 1450~1635 hr| 5.3 % 6~8 mm
16 174kg/cm? | 1336~1450 hr | 7.4 % 10 mm
17 32 mm 1336~1450 hr| 5.7 % 8 mm
18 1336~1450 hr | 6.7 % 6~8 mm
21 1336~1450 hr | 6.5 % 6~8 mm
22 B type 45 mm 1336~1450 hr| 6.4 7% 8 mm
23 1450~1635 hr | 6.5 % 6 mm
26 1169~1336 hr| 7.3 % 20 mm
27 70 mm 1169~1336 hr| 6.4 % 15 mm
28 1169~1336 hr| 3.8 % 30 mm
*

Failure location
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Table 8 Creep-rupture test results (2)
Specimen | Type of Length of Test Time to Failure
No. specimen | cladding (¢) | condition rupture location¥
5 32 mm | 900~990 hr 8 mm
9 735~900 hr 16 mm
A type 45 mm
10 900~990 hr 15 mm
14 900~990 hr 20 mm
70 mm o
15 650 °C 1082~1247 hr 30 mm
19 216kg/cm® | 1015~1057 hr| 9 mm
32 mm
20 735~900 hr -
24 900~990 hr 18 mm
B type 45 mm
25 735~900 hr -
29 900~990 hr 32 mm
70 mm
30 1015~1057 hr 9 mm
*

Failure location
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Table 9 TIG welding conditions for Phenix P-4 specimens

Parameter T ___ No. 1
(1) Pass 1
(2) Arclength (mm) 0.4
(3) Time for one pass (s) 25
(4) Initial current (A) 20

f (5) Welding current (I) (A) 30
(6) Welding time (s) 30
(7) Pulse current (A) 12
(8) Pulse frequency (Hz) 3
(9) Pulse width (%) 50

(6) welding Time

L -
------ | N

2 | 1 2

ElimE 8 *a

g2l 8 Lol ©

3 g L E B Argon Flow : 8 ¢/min

EIG|L L s 8

O~ D.Sbj? | =4 ° : 4

2L 3 3 a g

| =k 1 I oF i l
‘ = Time (s) —

Welding Cycle

i
]
!
!
| —-22-—
§
H
i
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Table 10 Laser welding conditions for Phenix P-4 specimens
Focus (mm)
Pressure '
(kg/cm?) Voltage (V)| Pulse Width (ms)| Shot p -
100 800 30 3 .
90 " " "
80 " " " o
70 " " " ~
i " " n | s0
50 n " " r§
40 600 " " —1
30 " " 1"
+3
20 " " "
10 " u ;
-

—-23-
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