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The temperature monitors for fuel blocks in high temperature gas reactors during operation are being
developed. The temperature monitors consist of alloy wires, with various melting points, sealed in quarts
capsules. The temperature can be evaluated in the range from 600 to 1400°C with 22 types of the
temperature monitors. The temperature monitors have been irradiated by the capsule in JIMTR, and then,
PIEs such as X-ray radiograph and EPMA have been carried out. As the results of the PIE, it was
estimated that the temperature monitors can be used up to 90 days at 1100 °C, or up to 50 days at 1300 -
1350 °C.
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Table3.1(1/2) 99M-38A capsule irradiation samples.

Distance from

composition

99M-38A capsule

JMTR core Sample | Sample Composition ratio
(mm) No. ID (%)  [38A-1,2 38A-3"
(melting _point: °C)| (melting point: °C)
-185 1 A Bi/Sb 23/77 601 1161
-165 2 B Ag/Ge 81.5/18.5 670 1212
-145 3 C Ag/Ge 86/14 715 1222
-125 4 D Ag/Cu 72/28 789 1268
-105 5 E Ag/Cu 87.5/125 844 1282
-85 6 F Ag/Cu 95/5 910 1322
—65 7 G Ag 99.99 967 1239
—45 8 H Ag/Au 66/34 988 1135
=25 9 I Ag/Au 39/61 1037 1111
-5 10 J Au 99.99 1064 1084
15 11 K Cu 99.99 1084 1064
35 12 L Pd/Au 2/98 1111 1037
55 13 M Pd/Au 3/97 1135 988
75 17 Q Pd/Au 9/91 1239 967
95 20 T Pd/Au 16/84 1322 910
115 19 S Pd/Au 13/87 1282 844
135 18 R Pd/Au 11/89 1268 789
155 16 P Pd/Au 7.5/92.5 1222 715
175 15 0 Pd/Au 6/94 1212 670
195 14 N Pd/Au 4/96 1161 601

* : The line of the sample in 38A-3 was reversed to that in 38A-1/2.
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Table3.1(2/2) 99M-39A capsule irradiation samples.

Distance from

composition

99M-38A capsule

JMTR core Sample | Sample c it ratio
(mm) No. ID ompostion (%)  [38A-1,2 38A-3"
(melting point: °C)| (melting point: °C)
-165 3 C Ag/Ge 86/14 715 1239
-145 4 D Ag/Cu 72/28 789 1268
-125 5 E Ag/Cu 87.5/12.5 844 1282
-105 6 F Ag/Cu 95/5 910 1356
-85 7 G Ag 99.99 967 1392
-65 8 H Ag/Au 66/34 988 1322
-45 9 I Ag/Au 39/61 1037 1222
-25 10 J Au 99.99 1064 1212
-5 11 K Cu 99.99 1084 1161
15 12 L Pd/Au 2/98 1111 1135
35 13 M Pd/Au 3/97 1135 1111
55 14 N Pd/Au 4/96 1161 1084
75 15 0 Pd/Au 6/94 1212 1064
95 16 P Pd/Au 71.5/92.5 1222 1037
115 20 T Pd/Au 16/84 1322 988
135 22 \Y Pd/Au 25/75 1392 967
155 21 U Pd/Au 20/80 1356 910
175 19 S Pd/Au 13/87 1282 844
195 18 R Pd/Au 11/89 1268 789
215 17 Q Pd/Au 9/91 1239 715

* : The line of the sample in 39A-3 was reversed to that in 39A-1/2.
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Table5.1 EPMA observations of temperature monitor samples irradiated in 99M-39A capsule.
Temperature
Graphite monitor
samples Elements Remarks
sleeve No. samples
(Irrad. Temp.)
39A-2 39A-2-10 Al (Alumina) Region in maxim tempretur
(1420°C) | Si  (Quarts) (1420°C)
Pd 39A-2-10(Pd/Au=2/98),39A-2-9 (Cu)
Au ) 39A-2-5(Ag) was failed and the wire
Cu | melting (Ag) was lost.
% 39A-1 39-A-1-14 Ag wire 39A-1-14(Pd/Au=7.5/92.5)
% (1400C) | Ge No monitor without melting was
g / observed.
5 39A-3 39A-3-18 The metal was disappeared in
(1380°C) 39A-3-18
(Ag/Cu=87.5/12.5)
39A-3 39A-3top The metal was disappeared in
top-end pin 39A-3-18
(1260°C) (Ag/Cu=87.5/12.5)
39A-1 39A-1-10,11 | Al (Alumina) 39A-1-10(Pd/Au=2/98) and
_QE Si ( Quarts) 39A-1-11(Pd/Au=3/97) was observed
2 (1420C) | Pd
.g Au melting
:Cs Cu wire
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Irradiation hole : J-11
500 T T T T T T T T T
Inner Capsule
400 é é E é é é é é é é Irradiation Sample
+345 / Graphite Sleeve)
BEENEREEE +325
KU e U
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PTVAJ AN N N S S S N (99M-38A, J-11)  (99M-39A, G—10)
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Fig.3.1 v -heat distribution and positions of irradiation samples of 99M-38A and 99M-39A in
the JMTR core.
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38A-3

Photo.3.1(1/2) Appearance of temperature monitors in 99M-38A(before irradiation).
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39A-3

Photo.3.1(2/2) Appearance of temperature monitors in 99M-39A(before irradiation).
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Photo.5.3  X-ray radiograph of temperature monitors in 99M-38A (after irradiation).
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eollh SRR RS R

Photo.5.4  X-ray radiograph of temperature monitors in 99M-39A (after irradiation).
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Sample ID 38A-3-5

Magnification X6.5
Quarts

Sample ID 38A-3-5

Magnification X5.5

Alumina fiber

Sample ID 38A-3-5

Magnification X4

Alumina holder

| 99M-38A l

Photo.5.5 (1/2)  Appearance of temperature monitor in 99M-38 A (after irradiation).
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Sample ID 38A-3-12

Magnification X7.2
Quarts

Sample ID 38A-3-12

Magnification X 5.8

Alumina fiber

Sample ID 38A-3-12

Magnification X 4.1

Alumina holder

| 99M-38A l

Photo.5.5 (2/2)  Appearance of temperature monitor in 99M-38 A (after irradiation).
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Sample ID 38A-3-7

Magnification X7
Quarts

Sample ID 38A-3-7

Magnification X 5.2

Alumina fiber
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Sample ID 38A-3-7

Magnification X4.1

Alumina holder

99M-38A l

Photo.5.6  Appearance of temperature monitor in 9M-38 A (after irradiation).
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