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A plutonium nitride fuel pin containing inert matrix such as ZrN and TiN was
encapsulated in 01F-51A and irradiated in JMTR. Minor actinides are surrogated by
plutonium. Average linear powers and burnups were 408W/cm, 30000MWd/t(Zr+Pu)

(132000MWd/t - Pul for (Zr,Pu)N and 355W/cm, 38000MWd/t(Ti+Pu) [153000MWd/t-Pu)
for (TiN,PuN). The irradiated capsule was transported to Reactor Fuel Examination
Facility and subjected to non-destructive and destructive post irradiation examinations.

Any failure was not observed in the irradiated fuel pin. Very low fission gas release

rate of about 1.6% was measured. The inner surface of cladding tube did not show any

signs of chemical interaction with fuel pellet.

Keywordsi Inert Matrix, Nitride Fuel, TiN, ZrN, JMTR, Irradiation Test, Fission Gas Release
Rate, Fuel and Clad Chemical Interaction
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Table 1 Characteristics of fuel pin irradiated in JMTR
Sample No. 01F-2-1 01F-2-2
Fuel pellet

Material (TiN,PuN) (Zr,PwON
Stack length (mm) 36.61 35.58
- Pu/(MN+PuN) ratio (wt.%) 20.0 20.0
N/(M+Pu) ratio 0.70 0.96
*Neo/(M+Pu) ratio 0.76 1.01
Diameter (mm) 8.21 8.22
Density (g/cm3) 5.15 7.19
Density (%T.D.) 86.7 90.0
Smear density (%T.D.) 83.3 86.5
Cladding tube
Material austenitic SS
Outer diameter (mm) 940
Inside diameter (mm) 838
Thickness (mm) 051
Pellet-clad diameter gap (mm) 017- 0.16
Bonding material He

Neq: N+14/160+14/12C

Table 2 Irradiation history of 01F-5A capsule in JMTR

Irradiation cycle Period Irradiation time (hr)
145 2002.5.9 -5.14 113
146 7.3-7.19 378
147 11.17-12.10 541
148 2003.6.17-6.20 76
149 10.4-11.3 711
150-1 11.22-12.9 399
150-2 2.13-12.25 275
151 2004.1.31-2.29 697
152 3.8-4.4 634
153 5.9-6.7 689
154 6.15-7.14 689
155 10.22-11.21 702

Total irradiation time ;:5905hrs
Trradiation hole: L3 (145-146 cycle)
G-3(147-155 cycle)
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Table 3 Linear power rates evaluated

Cycle 145 146 147 148 149 150 151 152 153 154 155 Ave

01F-2-1 W/em) 365 365 354 365 381 362 363 358 336 337 322 355
01F-2-2 (W/cm) 394 394 406 421 439 420 423 418 393 398 382 408

Table 4 Burnup of the fuels

01F-2-1(TiN,PuN) 01F-2-2 [(Zr,Pu)N]

MWd/it M+Pu) 38000 30000
MWd/t (Pu) 153000 132000
% FIMA(Pu) 17.0 14.7

Table 5 Results of puncture tests

Fuel pin 01F-2
Void volume before puncturing (cm3) 89.0
Void volume after puncturing (cm3) 94.4
Void volume in fuel pin (cm3) 5.4
Equilibrated gas pressure Pa)  4.5X108
Pressure in fuel pin - (Pa) 1.2X 105
Temperature at puncturing \®) 25.9

Total gas volume (STP, cm3) 5.7
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Table 6 Composition and volume of FP gas collected by puncture test

Fuel pin 01F-2 Calculated value*
(TiN,PuN) (Zr,Pu)N
He ~ base
N 03
v O <01

Gas composition (vol.%) He 01
Ar <01
Kr 0.32
Xe 59
83 17.9 17.5 17.5
84 31.1 29.4 29.4
85 6.1 7.2 7.2

Isotopic ratio of Kr 86 45.0 45.9 45.9

and Xe collected (%)
131 13.7 12.9 131
132 19.1 20.0 20.1
134 26.7 27.6 280
136 40.6 39.5 387

Collected volume (Kr+Xe)(STP,cm3) 0.3

Produced volume*(Kr+Xe)(STP,cm3) 10.11 9.24

Total 19.35
FP gas release rate (%) 1.6
Xe/Kr ratio 18.4 16.1 16.4
Ave. 16.3

* Calculated by ORIGEN code
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Table 7 Density and porosity of nitride fuel pellets

Sample 2—1A 2—2C
(TiN,PuN) (Zr, PwN

Number of fragments | 1 1
Total weight of sample (g) 1.6195 2.3817
Archimedes’ |Density of sample

method (g/cm3) 5.55 7.24
(m-xylene) (%T.D.) 93.43 90.50

Volume and |Density of sample

weight (g/cm3) 4.92 6.91

method (%T.D.) 83.7 86.4
Open porosity (%) 9.6 4.1
Closed porosity (%) : 6.7 9.5
Density before irradiation (%T.D.) 86.6 90.4
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Table 8 Results of pore distribution analysis of (TiN,PuN) (2-1B1)

Pore area (u m2) Number of pores
Outer Intermediate Center

00 ~ 05 311 205 191
05 ~ 10 143 98 93
10 ~ 15 86 61 51
15 ~ 20 62 50 46
20 ~ 25 53 26 33
25 ~ 30 37 30 36
30 ~ 35 23 ' 18 29
35 ~ 40 19 22 26
40 ~ 45 32 23 13
45 ~ 50 15 18 16
50 ~ 55 24 17 11
55 ~ 60 10 17 13
60 ~ 65 16 21 14
65 ~ 70 11 13 13
70 ~ 175 4 8 8
75 ~ 80 5 9 7
80 ~ 85 3 9 7
85 ~ 90 3 9 5
90 ~ 95 9 7 6
95 ~ 10 6 6 6
10 ~ 20 78 80 79
20 ~ 30 36 36 39
30 ~ 40 9 22 15
40 ~ 50 5 10 19
50 ~ 60 10 5 7
60 ~ 70 1 6 4
70 ~ 80 3 1 3
80 ~ 92 4 3 2
90 ~ 100 1 2 0
100.1~ 3 2 2

Total number of pores 1022 834 794

Average area (um? 5,56 7.38 760

Maximum area (zm? 105 116 126
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Table 9 Results of pore distribution analysis of (Zr,Pu)N (2-2D1)

Pore area (u m2) Number of pores
Outer - = Intermediate Center

60 ~ 05 206 420 343
06 ~ 10 92 147 118
70 ~ 15 60 87 71
16 ~ 20 47 58 53
80 ~ 25 39 50 38
26 ~ 30 39 30 35
90 ~ 35 - 28 35 17
36 ~ 40 20 22 26
100~ 45 18 17 22
46 ~ 50 9 19 12
110~ 55 12 15 11
55 ~ 60 12 11 18
60 ~ 65 10 20 7
65 ~ 70 8 13 13
70 ~ 75 7 11 8
75 ~ 80 13 12 15
80 ~ 85 6 10 9
85 ~ 90 3 15 10
90 ~ 95 8 6 6
95 ~ 10 5 3 4
10 ~ 20 82 9 81
20 ~ 30 36 34 41
30 ~ 40 16 22 8
40 ~ 50 9 5 11
50 ~ 60 13 4 5
60 ~ 70 4 0 7
70 ~ 80 4 1 4
8 ~ 9D 4 3 2
91 ~100 1 0 1
100.1 ~ 8 0 0

Total number of pores 819 1169 999

Average area (um? 8.87 468 624

Maximum area (1 m? 214 89 233
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Table 10 Results of grain size measurement of fuel pellets

Sample Position Average grain diameters (x m)
Outer 121
(TiN,PuN) Intermediate 124
2-1B1 Center 1.36
Outer 1.37
(Zr,Pu)N Intermediate 1.17
2-2D1 Center 118

Table 11 Distribution of grain size of fuel pellet (2-1B1)

Number of grains

Grain size (x m)
Outer Intermediate Center

0.0 ~10 1023 757 675
1.0 ~20 840 480 549
20 ~30 200 183 201
30 ~ 40 53 58 71
40 ~50 1 11 15
50 ~60 1 1 2
60 ~170 0 0 0
70 ~ 80 0 0 0
80 ~90 0 0 0
90 ~100 0 0 0
Total numbers of grains 2118 1490 1513
Maximum grain size (z m) 535 5.36 552
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Table 12 Distribution of grain size of fuel pellet (2-2D1)

Number of grains

Grain size (g m)
‘Outer Intermediate Center

00 ~10 790 1192 1145
1.0 ~ 20 786 769 835
20 ~ 30 228 204 191
30 ~40 81 59 55
40 ~50 22 9 12
50 ~ 60 3 1 1
60~170 0 1 0
70 ~ 80 2 0 0
80 ~90 0 0 0
90 ~100 0 0 0
Total numbers of grains 1912 2235 2239
Maximum grain size (z m) 7.71 654 519
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Table 13 Build up of fission products in (TiN,PulN) after irradiation

Elements Concentration (X 104 gram atoms)

EOL 284 day cooling after discharge

Kr 024 024
Rb 020 020
Sr 053 049
Y 027 025
Zr 280 974
Mo 321 335
Te 087 0.89
Ru 305 2.79
Rh 086 09
Pd 195 210
Ag 020 020
Te 051 049
I 031 029
Xe 388 389
Cs 242 243
Ba 091 088
La 082 081
Ce 186 170
Pr 073 0.77
Nd 210 2.27
Pm 021 018
Sm 049 053
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Table 14 Build up of fission products in Zr,Pu)N after irradiation

Elements Concentration (X 10 gram atoms)

EOL 284 day oooling after discharge

Kr 026 026
Rb 022 022
Sr 059 054
Y 0.30 027
Zr 310 304
Mo 355 371
Te 097 098
Ru 337 309
Rh 096 197
Pd 215 2.32
Ag 022 022
Te 056 054
I 0.34 0.32
Xe 424 495
Cs 2.73 2.75
Ba 101 098
La 091 090
Ce 206 188
Pr 081 085
Nd 2.32 251
Pm 023 020
Sm 054 059

Table 15 Results of grain size measuremént of cladding tubes

Grain size (z m)

Sample Position Average value
(TiN,PuN) Outer 7.56
(2-2B1) Inner 9.27
(Zr,PWN Outer 10.67
(2-2D1) Inner © 1144
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Table 16 Distribution of grain size of cladding

Number of grains

2-2B1 2-2D1

Grain size (z m) Inner Outer Inner Quter
00~10 0 0 0 0
1.0 ~20 1 9 1 2
20 ~ 30 10 31 6 4
30~40 13 18 7 8
40 ~50 11 18 2 8
50 ~ 60 12 10 5 7
- 60~170 15 14 9 12
70 ~80 12 13 10 8
80 ~90 14 10 5 6
90 ~10 18 4 6 4
10 ~11 8 11 5 9
11 ~12 10 2 12 4
12 ~13 9 8 4 5
13 ~14 5 4 4 2
14 ~15 5 3 3 5
15 ~16 7 5 4 6
16 ~17 6 5 4 1
17 ~18 5 2 3 4
18 ~19 3 0 3 3
19 ~20 3 1 1 2
20 ~21 0 2 2 0
21 ~22 3 0 1 3
22 ~23 0 0 2 1
23 ~24 0 1 1 0
24 ~25 0 1 3 0

25 ~ 26 0 0 1 1
26 ~27 0 1 1 1
27 ~28 0 1 1 1
28 ~29 0 0 0 2
29 ~ 0 1 1 1

Total numbers of grains 170 175 107 110
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Fig.5 Fast neutron fluence at 01F-51A capsule
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Photo.1 External appearance of fuel pin before irradiation

Photo.2 Appearance of the fuel pin

Photo.3" X-ray radiograph of the fuel pin
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Photo.4 Appearance of fuel pellets after removal from fuel pin
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Photo.5 Macroscopic photograph of (TiN,PulN) fuel
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Photo.7 =~ Microstructure of (TiN,PuN) (2-1B1)
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o and B - vy radiograph of (TiN,PuN) fuel pellet (2-1B1)
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Photo.15 SE and X-ray images of (TiN,PuN) (2-1B1)
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Photo.16 SE and X-ray images of (Zr,Pu) N (2-2D1)
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Photo.17 Macro- and microstructures of cladding tube for (TiN,PuN) (2-2B1)
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