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Behavior of Actinides and Fission Products in Mixed Nitride Fuels
Irradiated in JMTR (88F-5A capsule)

Takashi IWAI, Kunihisa NAKAJIMA, Hironobu KIKUCHI,
Yasuhiko KIMURA™ ,Fumio KANAIZUKA™ Noriaki SEKITA' 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 January 26, 2000)

The microscopic behavior of uranium, plutonium and fission products in uranium-
plutonium mixed nitride fuel pellets irradiated up to the maximum burnup of about
4.1%FIMA in JMTR was investigated. It was confirmed that the lattice parameter of fuel
matrix increased by 0.1~0.3% mainly due to accumulation of self irradiation damage.
Actinides and most of fission products showed the radial distributions corresponding to
neutron fluence profile in the pellet, but some precipitations of palladium were observed. At
the boundary of fuel pellet and cladding tube, a reaction zone including plutonium and nickel
was observed, which suggested a slight fuel cladding chemical interaction (FCCI).
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Table 1 Characteristics of fuel pins irradiated in JMTR

pin No. 88F-5-1 88F-5-2
Fuel pin

Pin length (mm) 249.8 256.0

Mixed nitride fuel length (mm) 100.00 99.85

Outer diameter (mm) 9.40 9.40
Fuel pellet

Material (U,Pu)N U, Pu)N

Pw/(U+Pu) ratio 0.196 0.196

N,,/(U+Pu) ratio 1.03 1.03

Pellet diameter (mm) 8.18 8.23

Pellet density (%T.D.) 83.1 83.0

Smear density (%T.D.) 79.2 80.1
Cladding tube

Material 20% CW austenitic SS

Thickness (mm) 0.51 0.51

Inter diameter (mm) 8.38 8.38
Pellet-clad diameter gap (mm) 0.20 0.15
Bonding material He He

*N,

eq:

N+14/160

*T.D. : Theoretical density ; 14.29 g/em® for (U, sPu, »)N, 14.32 g/em® for UN
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Table 2 Build up of actinides and fission products in mixed nitride fuel
after irradiation at 640 W/cm

Elements Concentration (X 10 gram atoms)
BOL EOL 338 day cooling after discharge
Kr - 0.31 0.30
Rb - 0.25 0.25
Sr - 0.68 0.65
Y - 0.33 0.32
Zr - 3.61 3.59
Mo - 423 4.30
Te — 1.12 1.13
Ru — 3.54 3.37
Rh - 0.93 0.97
Pd — 2.69 2.83
Ag - 0.24 0.24
Cd - 0.11 0.11
Te - 0.71 0.70
I - 0.39 0.38
Xe - 4.82 4.83
Cs — 3.03 3.02
Ba — 1.25 1.26
La - 1.07 1.07
Ce - 2.15 2.03
Pr — 0.91 0.93
Nd - 2.89 3.02
Pm - 0.21 0.16
Sm - 0.69 0.74
Eu - 0.10 0.10
2%y 3.42 3.02 3.02
2y 472X 10? 4.71x10% 4.71X10?
2¥py 7.50X10 5.21X10 5.21X10
0Py 2.03X10 2.27X10 2.27X10
#1Pu 2.14 4.81 4.60
2#2Py 0.68 1.00 1.00

2#1Am 1.04 1.31 1.51




JAERI—Research 2000—009

"8MOLIB AQ UMOYS I8 UOIJO8 86010 Poatesq( ‘surd [any Jo aanjonayg 191

(1ejoweip paylesyg) @9y IYIIM —AYSM eidnooountsyy | /2

108 X @ (2-5-488)€2'8 ‘(1-5-488)81'8 N(nd‘n) 1eyed jony 9
08 X & (2-5-488)€£2'8 ‘(1-5-488)81'8 NN | 1eeduolensul | §
(uibus| s814) $01 X - [ouoau| Buudg 4

1IS0 X o6 9LESNS | eamBuippe;y | ¢

T9LESNS bnidpue semo | ¢

T91ESNS Bnidpus Jeddny | |

(ww) uoisuswiq sjelsle swsjj ON

2—5—488 udpeny

001 €| 8

68

0l 02

P

| uonOBIPp ABI-Y

0ol \

L—5—d488 wdpng

68

Y
uorjoeIfgIp AeI-Y



JAERI—Research 2000—009

utd [eny 1-g-488 10§ jofied Jo ureyjed uorpoeayp A8r.X 314

0¢
085l 00801 80 "85

PB B¢

S GE A S A A A

1 ess @

e 01




JAERI—Research 2000009

utd [eny 3-g-488 10§ 39[[ad Jo uzesyed uoroRIIp ABLY  gB1g

63d
g0 ae1 202 °8s

ﬁl)\

T

Be-

e

34

"5 ©

0Bl



JAERI—Research 2000—009

(CPS)

,,-- E
L
a. _2
- a
J
«f.
=
w
-
1oy
(%)
&
Pty Y-
L3
PO'gTy 127 -
L8
(') ONW
&
btgT) O -
' ('m1) 0L ~-
tetdnn
L3
PO N -
V(o) ny
&
t('d1y ny
V('nT)y 4y 7
‘(') Pd o
(¢ n hal
'('¢9T1) Pd
<
]
-t
(" o) N
&
PO PN A (D N
V(W) nd
IR LG Wy &
P4y nd
L8
V(v X
(=]
| T T T o
o [=] [=3 o o (=]
8 2 3 = &

Fig.4 X-ray spectra measured by using PET crystal
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Photo.1 Microstructure of mixed nitride pellet before irradiation
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Photo.2 Cross-section of mixed nitride pellet used for EPMA
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Photo.4 SE image and line scanning of X-ray for Xe (L« )
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cladding fuel

10 um

Photo.6 SE images and line scanning at the boundary of fuel pellet and cladding
(a) (b) SE images
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Photo.6 (continued)
(c) line scanning of Pu M #,)  (d) line scanning of Ni (K« ,)
(e) line scanning of N (K« ;)
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