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Irradiation Performance of Coated Particle Fuel Compact (II)

( Irradiation Experiments in JMIR Capsule, 72F-6A, 72F-8A and 72F-9A )

+ . . .
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The 71F-6A, 72F-8A and 72F-9A experiments were designed as a
canprehensive test of coated particle fuel campact tentatively manufactured

for HIGR. The capsules were irradiated in the Material Testing
21

Reactor ( JMIR ) at JAERI to peak fast nuetron fluences up to 2.4 X 10

{n onﬁz ) ( E» 0.18 MeV ) and to peak burnups up to 3.9 % FIMA for

coated particle fuel. The tentative results showed that the radiation

induced dimensional changes of fuel compacts increase with increasing

neutron fluence. The buffer and irnmer high density isotropic pyro-

carbon layer are partially damaged and amoeba effect are chserved in same
of the coated particles in 72F-9A capsule.

Keywords : HTGR, Fuel, Coated Particle, Irradiation Performance,

Fast Neutron, Damaging Neutron Fluence
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Table 1 Characteristics of fuel compacts for 71F-6A capsule

Batch No. 71FP4A~3 | 71FP4A-4 | 71FP5A-1 | 71FP5A-4

Outer diameter (mm) 24,00 24,02 24.03 24.03
Inner diameter (mm) 8.02 8.02 7.99 8.02
Length (mm) 39.65 39.75 40.72 40,15
Weight (gr) ) 32,177 32.186 33.361 32.269
Geometrical density é:g%) 2.02 2.02 2.03 2,00
Actual amount of U (gi? 9.148 9,149 9,781 8.890
Enrichment (%) 19.95

Actual amount of U-235 (gr) 1.825 1.825 1.951 1.774
C.P. packing fractiongzi) 24 “ 24 24 24
Coated particles dispersed 71FC4 71FC5
Binder Phenol resin

Binder content (%) 20 20
Graphite powder ICGa) NCGb)

2357 (g/cm) 0.460 0.459 0.479 0.442

a: TIsotropic coke graphite

b: Needle coke graphite
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Table 2 Characteristics of coated particle dispersed in 71FP4A
and 71FP5A fuel compacts for 71F-6A capsule

Batch No. 71FCa 71FCh
Chemical form U0z 0o
Uranium enrichment (%) 19.95 19.95
Kernel Diameter (um) 482 - 507|482 - 507
Theoretical demsity (ZTD) 94,8 94.8
0/U ratio 2,008 2.008
Material PyC PyC
Source gas CoHz CoHo
Buffer layer Mipi ckness (ym) 43 43
Density (g/cm?) 1.2 1.2
Material PyC PyC
Source gas CsHg CgHg
?DI EPyC Thickness (pm) 33 34
ayer
Density (g/cmg) 1.7 1.8
BAF 1.10 1.10
Coating Material 5iC sic
Source gas CH3SiCly| CH3S1iCij
5i¢ layer Thickness (um) 28 29
Density (g/cm®) 3.2 3.2
Free Si (wt %) < 0.1 < 0,1
B Material PyC PyC
Source gas CaHg CaHg
HDT PyC Thickness (um) 45 45 N
layer
Density (g/cma) 1.7 1.8
BAF 1.10 1.10
Diameter (ym) 78¢ —~ 810|790 - 810
Coated particle | Crushing strength (Kg) 2.69 2,64
Surface contamination 1.OX10_5 5.5X10"6

. 18i
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Table 4 Characteristics of coated particles dispersed
in 72FP1R1, 72FP1B2, 72FP1B4, 72FP1B6, 72FPIB7A
72FP1B7B and 72FP1R7C fuel compacts for 72F-8A
capsule
Batch No. 72FC1
Chemical form 102
Uranium enrichment (%) 7.91
Kernel Diameter {(um) 510
Theoretical demsity (%TD) 95.2
0/U ratio 2.008 o
Material PyC
Buffer layer Source gas C2H2
Thickness (pm) 39
Density (g/em®) 1.15
Material PyC
Source gas Cylg
BDI PyC Thickness (um) 33
layer Density (g/cm?) 1.75 - 1.80
BAF 1.06
Coating Material SiC
Source gas | CH384iCl3
SiC layer Thickness {(um) 26
Density (g/cm?) 3.2
Free S5i (wt %) N.D.2
Materdial PyC
| Source gas Calg
HDI PyC Thickness (um) 48
layer Density (g/cm3) 1.80 - 1.86
BAF 1.06
Diameter (um) 780
Coated particle Crushing strength (Kg) 2.44
Surface contamination < 3 x 1073

a: Not detected
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Table 6 Characteristics of coated particles dispersed im 73FP1B,
72FP2B and 73FP3B fuel compact for 72F-9A capsule

Batch No.

73FC1
Chemical form 10,
Uranium enrichment (%) 8.13
Kernel Diameter (um) 506.3
Theoretical density (%TD) 96,8
0/U ratio - 2,005
Material PyC
Buffer layer Source gas CoHp
Thickness (um) 41.2
Density (g/cm®) 1.03
Material PyC
HDT PyC Source gas C3Hg
layer | Thickness (um) 25.9
Density (g/cm3) 1.79
BAF 1.04
Coating Material 5iC
Source gas CH381iCl3
SiC layer Thickness (um) 29.2
Density (g/cm®) 3.2
Free Si (wt %) 0.26
Material PvC
; Source gas C3Hg
HDT PyC Thickness {um) 47.2
layer
Density (g/cms) 1.79
BAF 1.04
Diameter {um) 752.1
Coated particle Crushing strength (Kg) 2,50
Surface contamination <2 x 1077
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Table 7 Irradiation conditions of 71F-6A capsule
Reactor JMTR
Irradiation hole M-12
Thermal neutron flux (n/cm? sec) (max) 4.9 x 1013
Fast neutron flux’ (n/cm? sec) (max) 1.0 x 1014
17
TIrradiation cycle (1972.10.9 -~ 1972.11.2)
18
(1972.11.16 - 1972.12.14)
17 cycle 479,2 hr
Irradiation time (e.f.p.d.) 18 cycle 578.9 hr
total 1058.1 hr
Irradiation temperature (°C) 1380

a: Neutron energy > 1.0 MeV

Table 8 Irradiation conditions of 72F-8A capsule

Reactor JMTR
Irradiation hole K-6
Thermal neutron flux (n:ecm2-sec~!) (max) 1.8 x 101"
Fast neutron flux® (n:cm=?-sec—!) (max) 1.7 x 10
36
1976.4.5 - 1976.4.30
Irradiation cycle 37
1976.5.24 - 1976.6.18
36 cycle 450.4
Irradiation time (e.f.p.h.) 37 cycle 526.2
total 976.6
Irradiation temp. (°C) 800 - 1500

a: Neutron energy > 1.0 MeV
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Table 9 Irradiation conditions of 72F-9A capsule

Reactor . JMTR

Irradiation hole K-6

Thermal neutron flux (n-cm‘2~sec‘1)(max) 1.8 % 10%%

Fast neutron flux (n*cn 2-sec” 1) (max) 1.7 x 10%%

32 cycle
1975.3.17 - 1975.4.11

33 cycle
1975.5.29 - 1975.6.17

34 eycle
1975.12.10 - 1976.1.22

35 cycle
1976.2.17 - 1976.3.13

Trradiation cycle

Irradiation time (e.f.p.h.)} 32 cycle 520.
33 cycle 488,

35 cycle 529.

4
6

34 cycle 520.8
3

1

total 1859.

Irradiation temp. (6C) 700 - 1340

— 24 —
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Table 1l-a Irradiation temperature of 72F-8A capsule

Reactor cycle Inner capsule Temperature at
fuel compact

(°C)

Upper 1130

Front half of Intermediate 1510
36 cycle

Lower 1210

Upper 990

Back half of Intermediate 1325
36 cycle

Lower 1070

Upper 880

Front half of Intermediate 1185
37 cycle

Lower 955

Upper 835

Back half of Intermediate 1120
37 cycle

Lower 910

,._26 —




Table 11-b JIrradiation temperature of

JAERI — M 83— 183

72F-9A capsule

Reactor cycle

Inner capsule

Temperature at
fuel compact

(°0

. Upper 1170

Front half of Intermediate 1340
32 cycle

Lower 1150

* Uppetr 1050

Back half of Intermediate 1340
32 cycle

Lower 1225

Upper 780

Front half of Intermediate 1215
33 cycle

Lower 970

Upper 720

Back half of Intermediate 1200
33 cycle

Lower 910

Upper 720

Front half of Intermediate 1180
34 cycle

Lower 970

Upper 720

Back half of Intermediate 1180
34 cycle

Lower 970

Upper 720

Front half of Intermediate 1170
35 cycle

Lower 960

Upper 720

Back half of Intermediate 1170
35 cycle

Lower 960
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Table 12 TFuel compacts irradiated in 72F-8A and 72F-0A
- capsule and ‘their postirradiation examination

Capsule IZEE; Compact PIE test
72FPIB2-11 Crushing
" 1B4- 7 Metallography
Upper " 186- 1 "
" 1B2- 6 "
" 184~ 8 Crushing
" "86__ 3 1t
72FP182- 7 Metallography
" 1B4-11 "
79F-8A In:j:gr~ 186- 5 "
mediate * 182- 8 Acid Teaching
" 1B4-13 "
n 186_ 6 n
72FPIB7A-3 Metallography
" 1B7B-2 "
" 1B7C-1 !
Lower .
" 1B7A-9 €rushing
" 1B7B-3 "
" 1B7C-3 "
72FPIBY- 4 Crushing
Tt a5 Acid teaching
Upper -6 Metallography
73FPIB - 7 Crushing
T -8 Acid leaching
ro9 Metallography
73FP2B - 7 Crushing
a3 Acid leaching
79F-9A Ithgr— w9 Metallography
mediate 73FP38 - 7 "
. g Acid leaching
A Crushing
73FP18 -10 Metallography
A1 Acid leaching
Lower 73FP2B -10 Metallography
e Acid leaching
73FP3B -0 Metallography
N Acid leaching
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Table 13 Radiation induced dimensional change of
fuel compacts irradiated in F1F-6A capsule
Inner Compact Outer diameter
capsule No. Di {mm) Dg {(mm) AD=Df-D4 égl(7)
Before irrad.| After irrad. {mm) D; °
71FP4A~3 24,00 23.95 -0.05 -0.21
Upper
71FP5A-4 24,03 24.00 -0.03 -0.12
71FP4A-4 24,02 23.94 -0.08 -0.33
Lower
71FP54-1 24,03 23.99 -0.04 -0.17
Inner Compact Inner diameter
capsule No. ds (mm) df (mm) Ad=dg~-dj 151(?)
Refore irrad.| After irrad. (mm) di *”
71FP4A-3 8.02 7.79 -0.23 -2.87
Upper
71FP5A-4 8.02 7.86 -0.16 ~2.00
71FP4A-4 8.02 7.84 -0.18 -2.24
Lower
71FP5A-1 7.99 7.85 -0.14 -1.75
Inner Compact Length
capsule No. Li (mm} Lf (mm) AL=Lf-L4i AQL(y)
Before irrad.| After irrad. ( mm) Ly *°
71FP4A-3 39,65 35.55 -0.10 -0.25
Upper
71FP5A-4 40.15 40.05 -(.10 -0.25
71FP4A-4 39,75 39.65 -0.10 -0.2%
Lower
71FP54-1 39.72 39.65 -0.07 -0,18




JAERT —M 83 — 153

Table 14 Weight of fuel compacts irradiated in 71F-6A capsule

Inner capsule Compact No. Weight (g)
Before irrad. After irrad.
71FP4A-3 32.177 32.429
Upper
71FP5A-4 32.269 32.403
71FP4A-4 32.186 32.194
Lower
71FP5A-1 33.361 33,318

Table 15 Acid leaching fraction of fuel compacts
irradiated in 71F-6A capsule

Compact No. Leaching fraction
71FP4A-3 1.3 x 10~3
71FP4A~4 6.6  10~*
71FP5A-4 5.2 10°*




JAERI —M 83— 153

Table 16 Radiation induced outer diameter change of
fuel compacts irradiated in 72F-8A capsule

Outer diameter

Compact

Neo. D4 (mm) D¢ (mm) AD=Dg=-Dj AD 1)

Before irrad. After irrad. (mm) Dy °

72FP1B2-11 10.47 10.430 -0.04 -0.38

72FP1B4-7 16.51 10.381 ~0.129 -1.23

Upper 72FP1B6-1 10.45 10.318 ~0.132 -1.26
inner

capsule 72FP1B2-6 10.47 10,325 ~0.145 -1.38

72FP1B4-8 10.52 10.423 -0.097 -0.92

72FP1B6-3 10.45 10. 309 -0.141 ~1.35

72FP1BZ-7 10.47 10.275 -0.195 -1.86

72FP1B4-11 10.52 10.352 -0.168 ~1.59

Intermediate [ ., p 56 5 10.45 10. 344 ~0.146 _1.40
innerxr

capsule 72FP1B2-8 10.47 10.363 -0.107 ~1.02

72FP1B4-13 10.52 10.330 ~0.190 ~1.81

72FP1B6-6 10.46 10.256 -0.204 -1.95

72FP1B7A~3 10,52 10.417 -0.103 —0.98

72FP1B7B-2 10.51 10.466 —0.044 ~0.42

Lower 72FP1B7C-1 10.50 10. 389 -0.111 ~1.06
inner

capsule 72FP1B7A-9 10.52 10.429 ~0.091 ~0.87

' 72FP1B7B-3 10.52 10,346 -0.174 ~1,65

72FP1B7C-3 10.50 10.426 —0.074 —0.71
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Table 17 Radiation induced inmer diameter change of
fuel compacts irradiated in 72F-8A capsule

Tnner Compact Inner diameter
capsule No. di (mm) df {(mm) Ad=dg-di Ad )
Before irrad. After irrad. {mm) dy "

72FP1B2-11 1.96 2.00 +0.04 +2.04
72FP1B4-7 1.98 : 2.00 +0.02 +1.01

Upper 72FP1B6A-1 1.96 1.96 0 0
72FP1B2-6 1.95 1.99 +0.04 +2.05
72FP1B4-8 1.97 2.00 +0.03 +1.52
72FP1B6-3 1.96 2.00 +0.04 +2.04
72FP1B2-7 1.97 1.99 +0.02 +1.02
72FP1B4-11 1.98 2.00 +0.02 +1.0%L

Intermediate 72FP1B6-5 1.96 1.98 +,02 +1.02
72FP1B2-8 1.97 1.98 +0.01 +0.51
72FP1B4-13 1.97 2.00 +0.03 +1.52
72FP1R6-6 1.96 1.98 +.02 +1.02
72FP1B7A-3 1.99 2.00 +0.01 +0.50
72FP1B7B-2 1.99 2.02 +0.03 +1.51
72FP1B7C-1 2.00 2.02 +0.02 +1.00

Lower
72FP1B7A-9 1.99 2.00 +.01 +3.50
72FP1B7B-3 1.99 2.00 +0.01 +0.50
72FP1R7C-3 2.00 2.01 +0.01 +0,50
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Table 18 Radiation induced length change of
fuel compacts irradiated in 72F-8A capsule

Innex Compact Length
capsule No. Li (mm} Lf (mm) Al=Lf-L4 él;(y)
Before irrad. After irrad. {mm) Ly
72FP1B2-11 14.98 14,724 -0.256 -2.57
72FP1B4-7 14.99 14.856 -0.134 -3.43
72FPl1B6-1 14.83 14.704 -0.126 -3.42
Upper
72FP1B2-6 14.98 14.686 -0.294 -4,90
72FP1B4-8 14,99 14.780 -0,210 -3.34
72FP186-3 14.83 14.714 ~0.116 -3.67
72TFP1B2-7 14.98 14.654 -0.326 -6.03
72FP1B4~11 14,99 14,712 -0.728 -5.17
R 72FP1B6-5 14.81 14.648 =-0.162 -4.00
Intermediate
72FP1BR2-8 14.98 14.708 -0.276 -3.94
72FP1B4-13 14.99 14,774 ~0.216 -5.17
72¥P1B6~6 14.74 14.556 -0.184 ~-5.24
72FP1RTA-3 14,95 14.818 -0.132 -2.95
72FP1B7B-2 14.84 14.780 L -0.060 -1.37
72FP1B7C-1 14.82 14,782 -0.038 -2.51
Lower
72FP1R7A-9 14.98 14.886 -0.094 -2.39
72FP1B7B-3 14.85 14,766 -0.,084 -4.02
72FP1B7C-3 14.80 14.750 -0.050 -1.86
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Table 19 Radiation induced outer diameter change of
fuel compacts irradiated in 72F-9A capsule

Quter diameter
Inner Compact
capsule No. Di (mm) De (mm) AD=Dg-D3 EQL(7)
Before irrad. | After irrad. {mm) Di T
72FP1Bl-4 16,51 10.364 -0.146 -1.39
72FP1B1-5 10.50 10.343 -0,157 -1.50
- 72FP1B1-6 10.51 10.355 -0.155 -1.48
Upper
73FP1B-7 10.47 10.31C -0.160 -1.53
73FP1B-8 10.47 10.271 -0.199 -1.90
73FP1B-9 10,47 10.299 -0.171 -1.63
73FP2B-7 10, 46 10.201 -0.259 -2.48
73FP2B-8 10,46 10.174 -0.286 -2.73
, 73FP28-9 10.46 10.151 -0.309 -2.95
Intermediate
73FP3B-7 10.46 10.227 -0.233 -2.23
73FP3B-8 10. 46 10,241 -0.219 -2,09
73FP3B-9 10.47 10.230 -0.240 -2.29
73FP1B-10 10,47 10,279 -0.191 -1.82
73FP1B-11 10.47 10.244 -0,226 -2.16
73FP2B-10C 10.46 10.255 -0.205 -1.96
Lower
73FP2B8-11 10.46 10.276 -0.184 -1.76
73FP2B-10 10.47 10.330 -0.140 -1.34
73FP38-11 10.46 10.249 -0.211 ~2.,02
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Table 20 Radiation induced inner diameter change of
fuel compacts irradiated in 72F-9A capsule

Inner diameter
Inner Compact
capsule No. di (mm) de {(mm) Ad=dg—-dj Ad %)
Before irrad. After irrad. (tom) di "

72FP1BR1-4 1.98 2.02 +0,04 +2.02
72FP1B1-5 1.97 2,01 +0.04 +2.03
72FP1B1-6 1.98 2,01 +0.03 +1.52

Upper
72FP1B-7 1.99 2.01 +0.02 +1.01
73FP1B-8 1.99 2,01 +0.02 +1.01
73FP1B-9 1.98 1.98 0 0
73F¥P2B-7 1.96 1.96 0 0
73FP2B-8 1.96 1.94 | -0.02 -1.02

Intermediate 73FP2B~9 1.96 1.99 +0.03 +1.53
73¥P3B-7 1.97 1.97 0 0
73FP3B-8 1.98 1.98 0 0
73FP3B-% 1.97 1.99 +0.02 +1.02
73FP1B-10 1.98 1.99 +0,01 +0,51
73FP1B-11 1.98 1.98 0 0
73FP2B-10 1.96 1.95 -0.01 -0.51

Lower
73FP2B-11 1.96 1.98 +0.02 -1.02
73FP2B-10 1.97 1.99 +0.02 +1.02
73FP3B-11 1.97 2.00 +0.03 +1.52
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Table 21 Radlation induced length change of
fuel compacts irradiated in 72F-2A capsule

Inner Compact Length
capsule No. L; (mm) Ly (mm) AL=Lg-Lg ;gi(7)
Before irrad. After irrad. (mm) Ly *°
72FP1B1-4 14.84 14,778 -0.062 -0.42
72FP1B1-5 14.95. 14.736 -0.214 -1.43
72FP1B1-6 14.96 14.726 -0.234 -1.56
Upper
73FP1B-7 14,85 14.702 -0.148 -1.00
73FF1B-8 14.88 14.756 -0.124 -0,83
73FP1B-9 14.90 14.758 ~0.142 -0.95
73TFP2B-7 14,95 14.700 -0.250 -1.67
73FP2B~-8 14.95 14.624 -0.326 -2.18
Intermediate 73FP2B-9 14.93 14.616 -0,314 -2.10
73FP3B-7 14.85 14.602 -0.248 ~-1.67
73FP3B-8 14.84 14,652 -0.188 -1.27
73FP3B-9 14.90 14,704 -0.196 -1.32
73FP1B-10 14.90 14.772 -0.128 -0.86
73FP1B-11 14,86 14.738 ~0,122 -0.82
73FP2B-10 14.94 14.744 -0.,196 -1.31
Lower
73FP2B-11 14.93 14.756 -0.174 -1.17
73FP2B-10 14.93 14.774 -0.156 -1.05
73FP3B-11 14.95 14.792 -0.158 -1.06
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Table 22 Fractional dimensional change of fuel
compacts irradiated in 72F-8A capsule
Fast neutron
I(qlzmpact fluence? %12- (%) %L %)
* (n*cm™2) 1 1
X].OZO

72FP1B2-11 6.52 O -0.38 |® -1.71

72FP1B4-7 7.07 A -1.23 F'y -0.8%

72FP1B6-1 7.57 i -1.26 ] -0.85
Upper

72FP1B2-6 8.08 O -1.38 ® -1.96

72FP1B4-8 8.54 A -0.92 A -1.40

72FP1B6-3 8.99 i -1.35 u -0.78

72FP1B2-7 11,94 C -1.86 L4 -2.18

72FP1B4-11 12.04 Fa¥ ~1.59 A ~1.86
Intermediate 72FP186-5 12.190 O -1.40 | -1.09

72FP1B2-8 12.12 O -1.02 ® -1.82

72FP1B4-13 12.04 Al -1.81 | A ~1.44

72FP186-6 11.96 nk -1.95 [ ] -1.25

72FPIR7A-3 10.48 v -0.98 ¢ -0.88

72FP1B7B-2 10.20 ¢ -0.42 L -0.40

72FP1B7C-1 9.90 <& -1.06 * -0.26
Lower

72FP1R7A-9 9.59 & -0.87 * -0.63

72FP1B7B-3 9.25 & -1.65 * -0.57

72¥P1B7C-3 8.89 ¢ -0.71 ¢ -0.34
a: Nuetron energy > 0.18 MeV
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Table 23 TFractional dimensional change of fuel
compacts irradiated in 72F-9A capsule

Fast neutron
gzmpact fluence? %]1 (%) i—L (%)
) (n-cm=?) t 1
X].OZO

72FP1B1l-4 12,56 v -1.39 v -0.42

72FP1B1-5 13.53 v -1.50 v -1.43

72FP1B1-6 14.42 v -1.48 v -1.56
Upper

73FP1B-7 15.35 O] -1.53 e -1.00

73FP1B-8 16,22 @] -1.90 L] -0.83

73FP1B-9 16,85 O -1.63 L -0.95

73FP2B-7 22,64 FAN -2.48 & ~-1.67

73FP2RB-8 22.76 A -2.73 F Y ~-2.18

a - A - A -

Intermediate 73¥P2B-9 22.85 2.95 2.10

73FP3B-7 22.93 C -2.23 [ ~-1.67

73FP3B-8 22,89 O -2.09 | -1.27

73FP3B-9 22.83 O ~-2.29 | ~1.32

73FP1B-10 20.12 O -1.82 ' -0,86

73FP1B-11 19.55 @] -2.16 @ -0,82

73FP2B-10 15,95 FaX -1.96 A -1.31
Lower

73FP2R-11 18.28 A -1.76 Y -1.17

73FP33-10 17.61 [ ~1.34 E -1.05

73FP3B-11 16.85 | -2 .02 [} -1.06

a: Neutron energy > (0,18 MeV




JAER]I —M 83— 153

Table 24 Weight of fuel compacts irradiated in 72F-8A capsule

Inner Compact Weight
capsule No. Wi (g) Wi (g) AW=We-Wi ﬂ(7)
Before irrad. After irrad. (&) Wi "
72FP1B2-11 2,8599 2.8581 ~0.0018 -0.06
72FP1B4~7 2.7599 2.7945 +0.0346 +1,25
72FP1B6-1 2.8165 2.8051 ~0.0336 -1.19
Upper
72FP1B2-6 2.8605 2.8592 -0.0013 -0.05
72FP1B4—8 2.8089 2., 8060 ~0.0029 -0.10
72FP1B6-3 2.8237 2.8202 ~0.0035 -0.12
72FP1B2-7 2.8625 2.8613 ~0.0012 ~0.04
72FP1B4~11 2,8108 2.8073 ~0.0035 ~0.12
aternediate | 72FP1B6-5 2.8206 2.8165 -0.0041 ~0.15
72FP1B2-8 2.8602 2.8581 ~0.0021 -0.07
72¥P1B4-13 | 2.8186 2.8152 ~0.0034 -0.12
72FP1B6-6 | 2.8247 2.8192 ~0.0055 ~0.19
72FP1B7A-3 2.7843 2.,7859 0.0016 0.06
72FP1B7B-2 2.7403 2.7392 -0.0011 -0.04
72FP1B7C-1 2.7500 2.7483 -0.0017 -0.06
Lower
72FP1B7A-9 2.7863 2.7877 0.0014 0.05
72FP1B7B-3 2.7416 2.7493 0.0077 0.28
72FP1B7C-3 2.7580 2.7564 -0.0016 -0,06
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Table 25 Weight of fuel compacts irradiated in 72F-9A capsule

Inner Compact Weight
capsule No., Wi (g) W (g) AW=Wg-W4 AW )
: Before irrad. After irrad. (g) Wi °
72FP1B1-4 2.7611 2.7562 -0.0049 ) -0.18
72FP1B1-5 2.7629 - 2.7573 -0.0056 -0,20
72F¥P1B1-6 2.7610 2.7530 ~0.008 -0.29
Upper
73rP1B-7 2.8033 2.7915 -0.0118 ~0.42
73FP1B-8 2.8032 2.8001 -0.0031 -0.11
73FP1B-9 2.8025 2.7994 ~(.0031 -0.11
73FP2B-7 2.8277 2.8200 -0.0077 -0,27
73FP2B-8 2.8311 2.8193 -0.0118 -0.42
s 73FP2B-9 2.8295 2.8217 -0.0078 =0.27
Intermediate
73FP3B-7 2.7924 2.7877 -0.0047 -0.17
73FP33-8 2.7930 2.7893 -0.,0037 -0.13
73FP3B-9 2.8258 22,8204 -0.,0054 -0.19
73FP1B-10 2.8030 2.7995 -0.0035 -0.12
73FP1B-11 2.8033 2.7997 -0.0036 -0.13
73FP2B-10 2.8287 2.8230 -0.0057 -0.20
Lower
73FP2B-11 2,8280 2.8232 -0.0058 -0.21
73FP3B-10 2.8322 2,8306 -0,0016 -0.06
73FP3B-11 2.8271 2.8359 0.0088 0.31
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Table 26 Acid‘leaching fraction of fuel compacts
irradiated in 72F-8A capsule

Compact No.

Leaching fraction

72FP1B2-8 1 x 10-3
72FP1B4~13 < 10—
73FP186-6 < 10™%

Table 27 Acid leaching
irradiated in

fraction of fuel compacts
72F-9A capsule

Compact No. Leaching fraction
72FP1B1-5 (Upper) 0.87 x 1073
73FP1B-8 (Upper) 0.84 x 1073
73FP2B-8 (Intermediate) 3.24 x 1078
73FP3B-8 (Intermediate) 2.21 % 1073
73FP1B-11 (Lower) 0.87 x 1073
73FP2B-11 (Lower) 0.90 x 1073
73FP3B-11 (Lower) 0.90 x 1073
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Table 29 Burn-up of coated particle fuel irradiated
in 72F-8A and 72¥-9A capsule

Burn-up (% FIMA)
Sample To. Coated particles in Coated particles i
72FP1B2-8 fuel compacta) 73FP2B fuel compact )
1 2.29 3.80
2 2.28 3.74
3 2.21: 3.66
4 2.28 3.60
5 2.12 3.73

a) Irradiated in 72F-8A capsule
b) Irradiated in 72F-9A capsule
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Fig. 6 Side view of 72F-9A capsule and its components
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(1) bt 0,1 mm (4

(2) —— 0.1 mm (5)

Fig. 7 Cross section of unirradiated fuel compacts for J1F-6A capsule

(1),(2),(3) : 71FP4A fuel compact, (4),(5),(6): 71FP5A fuel capsule
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Top
Binder
Compact No. Matrix content (%)

1 1 72FP4A-3 ICG 20
Upper .

2 2 J1FP5A-4 NCG 20

3 3 71FP4A-4 ICG 20
Lower

4 4 71FP5A-1 NCG 20

S

Bottom

Fig. 8 Layout of fuel compacts in 71F-H6A capsule
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(L MaTrix : ICG 0.2 mn (2) Matrix @ IC6H

(3) MaTrIx :PCG (&) MaTrIX @ PCG R

0.1 mm

(5) Marrix @ NCG () Matrix @ NCG

Fig. 9 Cross section of unirradiated fuel compacts for 72F-8A capsule

(1),(2) : 72FP1B2 fuel compact, (3),(4) : 72FP1B6 fuel compact,
(5),(6) : 72FP1B4 fuel compact
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Top
Compact No. Matrix cogiZSfEZ)

1 1 - J2FP1BZ2-11 ICG 20
2. 2 72FP1B4-7 NCG 20
Upper 3 3 72FP1B6-1 PCG 20
4 4 J2FP1E2-6 j ICG : 20
5 5 ‘72FP1B4—8 NCG 20
6 6 72FP1B6-3 PCG 20
7 7 72FP1B2~7 ICG 20
8 8 72FP1B4-11 NCG 20
Inter- 9 9 72FP1B&-5 PCG 20

mediate
10 10 72FP1B2-8 1C6 * 20
11 11 ‘ 72FP1B4-13 NCG 20
iz 12 72FP1R6-6 PCG i 20
13 13 % 72FP1B7A-3 PON1 14
14 14 5 72FP187B-2 P5N5 14
Lower 15 15 | 72¥P1R7C-1 P2X8 14
16 16 72FP1B7A~9 PONL 14
17 17 72FP1B7B-3 P5N5 i 14
18 18 72¥P1B7C-3 P2N8 14

_/
Bottom

Fig, 10 TLayout of fuel compacts in 72F-8A capsule
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Compact No. Matrix contnder,
1 72¥P1B1-4 ICe 14
2 72FP1B1-5 1CC 14
3 72FP1B1-6 106 14
4 73FP1B-7 NCG 20
5 73FP1B-8 NCG 20
6 73FP13-9 NCG 20
7 73¥P2B-7 1CG 20
8 73FP2B-8 1C6 20
9 73FP2B-9 1CG 20
10 73FP3B-7 P2NS 20
11 73FP3B-8 P2NS8 20
12 73FP3B~9 P2N8 20
13 73FP1B-10 NCG 20
14 73FP1B-11 NCG 20
15 73FP2B~10 1CG 20
16 73FP2B-11 16 20
17 73FP3B-10 P2NS 20
18 73FP3B-11 P2NS 20

-/

Bottom

Fig. 11 Layout of fuel compacts in 72F-9A capsule




Reactor power

Temperature {(TC)

Neutron fluence (crn"zl E>(Q18MeV)

(MW)
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# |7 Reactor cycle # {8 Redctor cycle
60 Total output 11024 MWD | Total output 1233.6 MWD
40} |
20
0
1500 «4 T/C
M &00-00'0'0&%
1300
1100
900
700
500
10 10 10 10 B 11 12 12 12 menth
7 15 23 31 16 24 2 10 18 day
Irradiation time
Fig. 12 Reactor power out-put and irradiation
temperature of 71F-6A capsule
x 10"
T4 T
0 : FIM No.t, 2
® " No.3
12
\
10 —
8 _\
.
4 ]
F/M No.1 F/M No.2
) LE= —— R S
T —_—
Top i’ FIM No.3 Bottem
1 Fuel compact i i
0
+ 400 +300 +200 100 0 -100 -2Q00 -300 -400
Distance from core center {mm )}

Fig. 13 Fast neutron fluence of 71F-6A capsule
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0 MaTrRIx : ICG . () Matrix : ICG

{(2) Matrix : ICG (53 Matrix : [CH

6 (8)

MaTr1x : NCG

Fig. 20 Cross section of unirradiated fuel compact 71Fp4A and 71FP5A after
annealing
(1),(2),(3) : 71FP4A fuel compact, annealing temperature: 1600°C,

annealing time : 250 hr

(4),(5) : 71FP4A fuel compact, (6) : 71FP5A fuel compact,

annealing temperature: 1400 °C, annealing time : 1053 hr



JAERI —M 83— 153

10-56{ : T ‘
£ 1052 I -
—_ O\O\Q‘ ICG.14% Binderﬁ
¢ 10.48 7
= \b 1CG, 20 % Binder
2 .
S 10.44 + ]
o}
10-40 L 1 - *
2.40 ]
o
f: 2-30T—¢ — 1
= v —
> 2.205;.:? B,
G o: 72FPIBI ICG
8 210 b & w» 1B2 ICG -
v + 1B3 NCG
e . » 1B4 NCG
2.00 L L ! I
0 100 200 300

Annealing time (hr)

Fig. 21 Annealing-induced dimensional and density change
of unirradiated fuel compacts
Annealing temperature : 1600 °C
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Capsule disassembly

Fluence monitor

Inner capsule

Visual examination

Disassembly

Fuel ceompact

Visual examination

Dimension -
Weight
Metallograph Electrolytic Crushing test
deconsglidation

X-ray radiograph

Acid leading

-Coated particle

Burn-up Crushing test

Fig. 23 Flow diagram of postirradiation examination
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tﬁ‘\sim““d‘siwag w”%ll‘ﬁ‘% ?’é \gﬁ*%

f:— .

(1)  71FP4A
Matrix : 1CG
Binper : 20 7

%sp%‘i 2‘ ‘5‘2%‘ .
(3) 71FPuA

MaTRIX
BINDER :

A
PR

(2

&

Ly

)

71FPSA
MATRIX :
BINDER :

71FPSA
MaTtrIx @ NCG
Binper : 10 %

CF

P AT
W W

w o
[
Y 1

wr

Fig. 24 External views of fuel compacts irradiated in 71F-64A capsule
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(1

(5)
CompacT : 71FP LA-3
MaTRIX p 106
Binper 20 Z
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(2)

(6)

Fig. 25 Cross section of fuel compact irradiated in 71F-6A ecapsule
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0 | | 2)

(3) ! )

(53 (6)
{oMPacT . 71FP 54-4
MaTRIX ¢ YOG
BinDER :20 %

Fig. 26 Cross section of fuel compact irradiated in 71F-6A capsule
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) ) (2)

(3) h )

"
(5 (6)
CompacT v 71FP 4A-4
MATRIX : 1C6
BinDER 1 20 7

Fig. 27 Cross section of fuel compact irradiated in 71F-6A capsule
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o} (2)

(3) G

(5 (6)
CompacT » 71FP SA-1
MaTRIX v NEG
BINDER 10 %

Fig. 28 Cross section of fuel compact irradiated in 71F-6A capsule
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72FP1B4
() Matrix : NCG ' (2)

Binder : 20 %

(3 3 0.1 mm {

(5 L 0.05mm

Fig. 33 Cross section of fuel compact irradiated in 72F-8A capsule
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72FP1B6 )
Matrix : PCG
Binder : 20 %

)

&)

Fig. 34 Cross section of fuel compact irradiated in 72F-8A

capsule
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(1) 72FP1B2Z
Matrix : ICG @
Binder : 20 3%

(5 1))

Fig. 35 Cross section of fuel compact irradiated in 72F-8A capsule
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(1) 72FP1B2
1 Matrix : ICG (2)
Binder :

(&

36 Cross section of fuel compact irradiated in 72F-8A capsule
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(1) 7ZFPlB4 =
Matrix : NCG (2
Binder : 20 %

Fig. 37 Cross section of fuel compact irradiated in 72F-8A capsule
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(1) 72FPiBé6
Matrix
Binder

PCG
20 %

(3)

Fig. 38 Cross section of fuel compact irradiated in 72F-8A capsule
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{1) 72ZFP1B7A (2)
Matrix : P9N1
Binder : 14 %

Fig. 39 Cross section of fuel compact irradiated in 72F-8A cpasule
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(1) 72FP1B7B
Matrix : PSNS
Binder : 14 %

(3) (44) 72FP1B7C
Matrix : PZN8
Binder : 14 %

Fig. 40 Cross section of fuel compact irradiated in 72F-8A capsule
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(1) 7ZFP1B1 (2)
Matrix : ILCG .
Binder : 14 %

SR N 5

Fig. 41 <Cross sectlon of fuel compact irradiated in 72F-9A capsule
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)

2

(

: NCG
Binder : 20 %

(1} 73FPLB
Matrix

)

4

(

)

B

(

Fig. 42 Cross section of fuel compact irradiated in 72F-%94A capsule
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(1) 73FP2B {2}
Matrix : ICG

Binder : 20 %

(3)

S,

&) ()

Fig. 43 Cross section of fuel compact irradiated in 72F-9A capsule
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(1 73FP3B | | | | (2)

Matrix : P2N8
Binder : 20 %

(s) (6)

Fig. 44 Cross section of fuel compact irradiated in 72F-9A capsule
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73FP1B
(1) Matrix : NCG
Binder : 20 %

() 73FPZB

Matrix
Binder :

kS) o L o

Fig., 45 Cross section of fuel compact irradiated in 72F-9A capsule
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o

.
nF o

Ve

:‘ﬁ;‘f“m“':i,

(1) 73FP3B (2)
Matrix : PZN8
Binder : 20 %

(6)

(5

Fig. 46 Cross section of fuel compact drradiated in 72F-9A capsule
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(1))‘ ' o Upper () Upper:

(2) Intermediate (5 intermediate

72F-8A capsule 72F-9A capsule

Fig. 47 X-ray radiographys of fuel compacts irradiated in 72F-8A and
727-94A capsule
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73FC) ( Betore irradiation)
Crushing load{ave.) : 2.50kg
o @ 0-38B

S N 1T

Irradiation condition (73FP3B-11)
Temp. : 1180°C ‘

Burnup : Z.2°%FIMA

Fast n dose : 1.69x102! (n+em 2)
Crushing load:2-33kg
c : 0.58

[ ! xFHI—I_ [__J_H_H_i

Irradiation condition (73FP1B-11)
Temp. :1160°C

Burnup : 2.89°%FIMA
Fast n dose : 2.01x1021 (n-cm_z)
Crushing ivad :2-13 kg

o :0.63

[ TT NASEREE

Irradiation conditien (73FP3B-8)
Temp. :1240°C

Burnup : 3.8°% FIMA

Fast n dose : 2.29x1021 (n'cm—z)
Crushing lead :2-06 kg

C 1061

o oa- rﬂrﬂﬂ T
0.5 1.0 1.5 2.0 2.5 2.0

Crushing toad ( kg )

3.5

Fig. 48 Distributions of crushing strength of irradiated

coated fuel particles




