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Fabrication of Nitride Fuel Pellets by Using
Simulated Spent Nuclear Fuel
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Abstract In order to investigate a nitriding process of spent oxide fuel and the subsequent change in thermal
properties after nitriding, simulated spent fuel powder was converted into a nitride pellet with simulated fission
product elements through a carbothermic reduction process. Nitriding rate of simulated spent fuel was decreased
with increasing of the amount of fission products. Contents of Ba and Sr in simulated spent fuel were decreased
after the carbothermic reduction process. The thermal conductivity of the nitride pellet was decreased by an addi-
tion of fission product element but was higher than that of the oxide fuel containing fission product elements.
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Table 1. Comparison of material properties between oxide, carbide and nitride nuclear fuel

Properties Oxide Carbide Nitride Metal
Theoretical Density (g/cm?) 11.1 13.6 14.3 15.6
Heavy Metal Density (g/cm’) 9.8 12.9 13.5 14.1
Thermal Conductivity (W/mK) 2.5~5 15~21 14~22 18~25

(500~1000°C)
Melting Point (°C) 2,750 2,436 2,777 1,155
Reference Composition (UosPu02)O 07108 (UpsPup2)C 105 (UpsPug2)Ny U-20Pu-10Zr
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Fig. 1. A schematic illustration of nitride pellet fabrication procedures.

Table 2. Chemical composition of simulated spent fuel

Element Surrogates wt.% .
Sr SrO 0.053
Y Y, 0, 0.035
Zr ZrO, 0.284
Mo MoO, 0.253
Tc RuQO, 0.059
Ru RuQO, 0.166
Rh Rh,0, 0.032
Pd PdO 0.109
Ba BaCO, 0.146
La La, 0, 0.094
Ce CeO, 0.183
Pr Nd,0, 0.086
Nd Nd,0, 0.310
Sm Nd,0, 0.068
U Uo, 97.255
Np CeO, 0.035
Pu CeO, 0.722
Am La, O, 0.071
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Fig. 2. Thermal cycles of nitride pellet fabrication proce-
dures.
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Table 3. Nitride pellet data before and after carbothermic
reduction treatment

compact nitride shrinkage
Shrinkage diameter diameter (%)
13.20 mm 10.81 mm 18 %
' before reaction after reaction change ratio
Weight

11.11 g 927 g 0.83
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Fig. 3. XRD diffraction patterns of nitrided powders; (a)
UN structure and (b)U,N, structure.
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Table 4. Carbon content in nitride fuel after a carbothermic -

reduction

Initial carbon/UO, ratio 2.2 :2.35 2.5
Residual carbon content 0.854 wt% ' 1.661 wt% 2.037 wt%
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Fig. 4. Thermogravimetry results of carbothermic reduc-
tions of UQ, and SIMFUEL.
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Table 5. Chemical analysis result for Ba and Sr in nitride
fuel

Elements Specimen Ba Sr
SIMFUEL 1080 + 40 ppm 418 + 20 ppm
Nitride < 5 ppm < 5 ppm

A8+ EFEFS 2L 7 I 7 I A
A2 FAE AXA 7] Tl | o] ull5-
43l DUPIC YdBAMEe Aadshs dAS
B8l APEE AlelelA FUAde] & Csg #8|E
I JoH21]. ARSF HARE A7Esle] A3lE 9
A8 2% Az o AFE Aol FHLAe] w2
AAES s Beg 4 oy I&52E v|xdh
v|efs WURIZM HLF 7 S A2 7
HEE PSS T AHE F Sr,NF BaN,
o] FWAo| ¥ Zlog oA Qi22]. £ &
TFollM A3 vhe-Z F3ld Ba, Sr 5°] U
- B 222 4 qlsRA BAR) fsle Ashks A
RO AR g el IS F A= A|HHe
Ba¥} Sro] RS FshEAME Bl vladlde. £ 5
of AAIF wle} o] AL Aell:= 1080 ppm,
418 ppm ©|%1 Ba}t Sr ¥oo] AzPEE o= =2
5 5 ppm U E AAR AE G F U AR
¥ JY498 WejA Bad} Sre EHFo] ¥ AFC
2 odejd germ= I Ao Z T 225l
23ohd eR] ARRFE dE5e] AR 2 A Eel| 7
& A= 7dE, AA| A-F AHd8E o33t
A3E Ao FHFo| B folaA Aoz 7|y

ricated by using SIMFUEL.

Journal of Korean Powder Metallurgy Institute

5] AR HHEE 0|83l Ax3) AT 2
TS YRPAP| A E8E F- 300 MPaZ §f7-3)e
Ar+H, #9712 1700°CllA 10R]7F $3F 228 &
AA 2] xS YR 53] 43 A3} of 822
g/em® oA 1092 g/lem®®] WSol] ALEE S| Qi
ol A3E Fute] WU 9l 4 F7le| A 3H
A ¢3S fAelel] 71913 Ao g}, 2o AR
F A8 F o] 83l Alxd AIEL W F79
A7t fige] 2EA 2 HESES JAM o A
B3} o] WUEE F3PP|7} o8¢ ARl 27,300
MWdnUS] dasd] s ARME 59 ARSF
ddae] A o5 U0 vls] o 98.9% $F°
2 o]EHEr} o7t ZAAde 2R dHA Sy
[23]. o] FRIshd AINEE FAR o|EHEY 7
A7) Vebd Zloz gxdEn. ojEHxs) 771% $£F

4.4x10°
—f-— SIMFUEL Nitride

o~

R

—

=]
[

)

4.0x10" |

3.8x10”" F

36x10* I

Thermal diffusivity (cm®/sec)

3.4}(104 " 1 " 1 i 1 L 1 1 1 A 1 " L L
30 40 506 60 70 80 80 100 110

Temperature (°C)
(a)

340

—&— SIMFUEL Nitride

320

Heat Capacity (J/kg-K)
(%)
(o]
o

260 4 1 \ ] i 1 1 1 " 1 M 1 1 1 A
30 40 50 60 70 80 90 100 110

Temperature (°C)
(b)

Fig. 6. Measurement results of (a) the thermal diffusivity
and (b) the heat capacity of a nitride pellet made by using
SIMFUEL.
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