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Fabrication of Inert-matrix Nitride Fuel Pins
for the Irradiation Test at JMTR

Kunihisa NAKAJIMA, Takashi IWAI, Hironobu KIKUCHI
Hiroyuki SERIZAWA and Yasuo ARAI

Department of Nuclear Energy System
(Oarai Site)
Tokai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken
(Received August 11, 2005)-

Nitride fuel pins containing inert matrix such as ZrN and TiN were fabricated for
the irradiation test at JMTR, aiming at understanding irradiation behavior of nitride fuel
for transmutation of minor actinides. Minor actinides are surrogated by pfutonium n
the present fuel pin. This report describes the preparation and characterization of fuel
pellets, and fabrication of fuel pins. The irradiation for 11 cycles from May 2002 to
‘November 2004 at JMTR was completed without any failure of fuel pins.

Keywords: Inert Matrix, Nitride, Plutonium Nitride, Zirconium Nitride, Titanium

Nitride, ADS, Irradiation Test, Fabrication, Fuel Pin
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Table 1 Design parameters of (U,Pu)N and inert matrix

nitride fuel pins for irradiation

v No.1 pin No.2 pin
" Fuel Pellets  Chemical form (U, Pu)N (Zr, PuN & (TiN+PuN)
Radius 8. 23 mm 8.23 mm
Height 8 mm 6 mm
Density 85-90 %T.D. 85-90 %T.D.
. _ ! 20 wit% (=Pu/MN+PuN
Pu content 15 at% (=Pu/U+Pu) “M=Zr or T
Stapk length 96 mm 96 mm
Thermal Chemical form UN UN
insulator Radius 8.23 mm 8. 23 mm
' Height 8 mm 8 mm
Density 80-90 %T.D. 80-90 %T.D.
Cladding Material SUS316 SUS316
Outer radius 9.40 mm .9.40 mm
Thickness 0.51 mm 0.51 mm
Spring Material Inconel X Inconel X 4
Pin design Gap width 0. 15 mm 0. 15 mm
: Smear density 80-85 %T.D. 80-85 %T.D.
Bond material He gas He gas
Pin length 230 mm 230 mm
T.D. ; Theoretical Density T. D. for (Upgs,Pug15)N 14.29 g/cm’®
UN 14.32 g/cm®
(Zrps.Pug N 7.99 g/om’
0.94TiN+0.06PuN 594 g/cm’
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Table 2 Characteristics of (U,Pu)N
and inert matrix nitride fuel pins

No.1 pin No.2 pin [(Zr,Pu)N] No.2 pin [TiN+PuN]
Fuel pellet
Dimensions
Diameter.(mm) 8.22 8.22 8.21
Density (g/cm3) 11.37 719 , 5.15
Density (%T.D.) 79.6 900 86.7
Composition
Pu content (wt%)* 14.2 - 20.0 20.0
Nitrogen content (wt%) 3.07 11.32 14.42
Oxygen content (wt.%) 0.09 0.28 0.79 -
Carbon content (wt%) 227 0.35 050"
N/M* ratio 0.55 0.96 0.70
O/ M# ratio - 0.01 0.02 : 0.03
C/M* ratio 0.48 0.03 0.03
N+O+C/M# ratio 1.04 1.01 0.76
X-ray diffraction analysis
Phase identified (UPuN (Zr, Pu) N TiN & PuN
Lattice parameter (nm) 0. 49274 0.46095 0.42374 (TiN)
of nitride 0.49076 (PuN)
Occluded gases (uv!l'atm/ 30min) 82 99 246
(at 1673K) '
Fuel pin V :
Number of pellets 10 6 6
Smear density (%T.D.) 76.5 86.5 83.3 i
80.44 35.58 36.61

Stack length (mm)

* .
nominal
#
metal
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Temperature (°C)

1200 S
—>— (U, Pu)N
~-O--TiN+PuN |:
—o— (Zr, PN |
1000
800
600
»400 '“fCIa&ding ﬁube inner SQrfgggf"“”'"f """"" TR
200

15 20 25 30 35 40 45 50 55
Linear power (kW/m) ' :

Fig. 3 Temperature distribution of the fuel pellets
and the cladding tube of 01F-51A capsule as
a function of linear power
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”

ZrN (99.5%. 3~6 1 m) PuN (Carbothermic reduction)
I , l
l
Weighing (*w,, /Wp +W,,+W,=0.2) *w : weight

Pulverizing & Ball milling(10hr) | <

Compacting(9.5 ¢ . 240MPa, 4s) Three times

Heating for solid solution (1673K. N,-H,. 9hr)

Ball milling (190hr)

Pore former addition(0.52wt%)

Compacting(9.5¢ . 190MPa. 10s)

Sintering (~2000K, Ar-H,. 5hr) 89.9%T.D.*

| Controlling stoichiometry(1673K, N,-H,. 9hr)90.0%T.D.

Centerless grinding(8.236) | .1 . Theoretical Density

T.D.(7.99g/cc)

Ultrasonic cleaning : =0.10d(PuN)+0.90d(ZrN)
d(PuN)=14.3g/cc

- d(ZrN)=7.29g/cc

Degassing(1473K, vac. 1hr)

Inspection

Fuel pellet

Fig.4 Flow sheet of fabrication of (Zr,Pu)N fuel pellets
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Fig. 5 External appearance of nitride fuel pellets
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TiN (99.5%. 1~2  m) PuN (Carbothermic reduction)

Weighing(*w,, /w,, +w;+w,=0.2)

*w : weight

Ball milling (49hr)

Pore former addition(1.00wt%)

‘Compacting(9.3 ¢ . 200MPa. 10s)

Sintering (~2000K. Ar-H,. 5hr) 85.0%T.D.*

Controlling stoichiometry(1673K. N,-H,. 9hr)85.4%T.D.

*T.D. : Theoretical Density
T.D.(5.94g/cc)
=0.06d(PuN)+0.94d(TiN)
d(PuN)=14.3g/cc
d(TiN)=5.39g/cc

Centerless grinding(8.23¢ )

Ultrasonic cleaning

Degassing (1473K. vac. 1hr)

Inspection

Fuel peliet

Fig.6 Flow sheet of fabrication of (TiN+PuN) fuel pellets
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(U,Pu)N

Fig.7 Microstructure of (U,Pu)N, (Zr,Pu)N and (TiN+PuN) fuel pellets
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Fig.8 External appearance of cladding tube, upper and lower
endplugs, and spring
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01F-51A-1

TSR R AR R R R R A N N R PR TR AR RRR L

v s as st s AN ANt e b ket i r st kSba ey i HY

01F-51A-2

SRBerEa st aherr gyt By R P EEEV OV E S

B N R R R R R AR R R L TR L

Fig. 10 X-ray radiographs of fuel pins and endplugs
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BRERLy MREY—F 1-1

No. 1BHEEVERALYF

5 B
UN (U, Pu) N
TS T P Hdt
Ui RIS KRS
NU- (Nea/U)) © 1,00 (1.04)
N+C/ (U+Pu)
((N+C) eq/ (U, Pu)) 1.03(1.0)
Pu/ (U+Pu) - 0. 150

238:0.13 241 :1.17

Pu R L (2002. 4 B7E) 239:75.13 242 0.68

240 : 20. 51
(Am241:2. 38)
S % 3% 1800ppm % 2.27%
TR B3 500ppm B4 900ppm
BB AR B 58ul/e 3Tul/g
BE1 ghOURVUPULEE U:0.942¢g U:0.802g Pu:0.142¢
RLy b 1041 - 48.69
g S5y "_ 9.83 | 39. 11
T k=YL —_— 6.93
2EvHIE 16. 16 80. 44
2R8vYE 96. 60
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1—2

No. 2BHEELVERFHALY b+
IH B
UN (Zr, Pu)N (TiN+PuN)
ik Wtk sk [eT
URMRE KRS - -
N/U (Neg/U)) 1.00(1. 04) _ _
N/M  (Nea/M) —_— 0.96(1.01) 0. 70(0. 76)
Pu/M - 1 0.226 0. 247
1238:0.13 241 : 1.17
| 239:75.13  242:0.68
=L . ¥ )
Pu B4 EE (2002. 4 IB7E) 240 - 20,51
(Am241:2. 38)
ot £ B3 : 1800ppm | 3 : 3500ppm | FER : 5000ppm
T B3 : 500ppm | E&3R : 2800ppm | B3R : 7900ppm
R R 8 5841/ g Tdul/g 22041/ g
1 e POURUPUER U:0.942g Pu:0.200 g Pu:0.200 g
Ry k 15.63 13.57 10. 01
E HS5 Y 14.76 _ _
2B
| v 1 FA _— 2.71 2.08
28y R 24. 44 35.58 36. 61
2REVHE 96. 63
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