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Abstract

Fission products of DUPIC (Direct Use of Spent PWR Fuel in CANDU Reactors) fuel, irradiated in
HANARO research reactor with 61 kW/m of maximum linear power and 1,770 MWd/tU of average
burn-up, was characterized by EPMA(Electron Probe Micro Analyzer). In order to find accurate
characterization, the analysis results by EPMA of fresh simulated DUPIC fuel containing fission
products as chemicals were compared with that of wet chemical analysis. The metallic precipitates
observed at the center of the fresh simulated DUPIC fuel were about 1 m in size and their major
components by EPMA were Mo-53.89 at.%, Ru-37.40 at.%, and Pd+Rh-8.71 at.%. Established
procedure through the fresh simulated DUPIC fuel was applied to the irradiated DUPIC fuel.

Observed size of metallic precipitates were 2~2.5 m and their compositions were Mo-47.34
at. %, Ru-46 at.%, and Pd+Rh-6.65 at.%.

What are uncommon things for this experiment, special treatment for improving the conductivity
was attempted to the specimen and the conditions of exact irradiation of electron beam to small

metallic precipitate were suggested.
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Table 1. Composition of simulated DUPIC fuel

Element g/kg U Element gkgU
ag 0.606 Pr 0.158
Mo 0.606 Nd 0.571
Ru 0.375 Sm 0.120
Pd 0.221 Rb 0.533
Ba 0.323 Sr 0.103
La 0.173 Y 0.068
Ce 0.360 Rh 0.062

(b)
Fig.1. Cross section of SIMFUEL(x400) (a) and image of
secondary electron(b).

(a)
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Fig.2. Specimen preparation and mounting to the EPMA
(a) Dismantled rigandfuel elements, (b) Metallogra phy of the irradiate d DUPIC fuel, (¢) Speci men preparation in a glove box,
(d) Mounted specimen in a specimen hal der,(e) Lead cask fortransfe wing the specimen, (f) Maunting che specimen to EPMA,
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Table 2. Comparison the concentrations between wet chemical analysis and EPMA (unit: wt.%)

Chemicals | an };&, E&%‘%ﬁﬁg’;‘ Conci:)f PPt Chemicals ag%};s‘}g, Escgdﬁ‘n)%g? C;;;Tc;)f
Zr(Z10,) 0.397 0.367 0.108 Ce(CeO,) 0.233 0.278 0.035
Mo(MoO,) 0.449 0.392 49521 | Nd(Nd,0;)| 0.480 0.476 0.055
Ru(RuO,) 0.239 0,269 32,153 Sr(Sr0O) 0.076 0.084 -
Pd(PdO) 0.028 0.187 3.682 Y(Y,03) 0.050 0.052 -
Ba(BaCQ,) 0.203 0.218 - Rh(Rh,0,) 0.073 0.049 3.232
La(La20,) 0.155 0.143 0.09 U 11,48

(a)
Fig. 3. Metallic precipitates in the un-irradiated SIMFUEL(a) and its concentration(b).

Weight %
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£ 2} phase 2 F A€t
3.1.2. Perovskite phase
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z4g Be @A

H 304 B vle} £of, perovskite?] .8 A5
2 Ba, Zr @ Oolen], FAuE Ba-18.96 at.%,
Zr-17.27 at% R 060,17 at %S JERH AT, o]
A5 vjge oF 111328, BaZiO; ol SjFHEZ
perovskiteZ A o] & 4 glow, ThE EFelA
T8 Ao} Ax]8}gdrH14]. Powder Diffraction
Files[12] o) @22 &5
cubic TZ& 7}AA A
A At
32 ZADUPIC Y48 4
32.1.3% 9 SEMT ) 2| A KA

27 59) @)X SR oM AR DUPIC d s

Table 3. Concentration of perovskite in the simulated DUPIC
fuel

Z% BaZrO; perovskites
FE 0419 nmE U

Element| Concen, | Normal, | Compo | Concen,
wt.. % at.% “und wt. %

Ba 43114 18 96 BaO 48.136

Mo 0.108 0.07 MoO, 0.163
U 8.962 2.27 Uo, 10.167
Zr 26234 | 1737 2O, 35 436
0] 15937 60 .17

Total 96 515 96515
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Fig. 4. Cluster of perovskite (a), Ba trace(b) and image map
of Ba(c).



Analysis of High Radioactive Materials in Irradiated DUPIC SIMFUEL Using ---

S otk d¥EoR Fate FHE WA A8 A ARGl sbY tho] Yolki: Rl &, wjuy
B 2ol 7h4 ol Yohtod, o] WRo] Yol ke Felit AR HAoj $ehvonuE

$P2 3.720%82 C-S

SOHO0

504
et p— .
404 MMW/M‘
e —a~ Mo
" s . »
= 304 Rh g
5 g —~vy—£d o R .
= 204 8 . - e .
o . auht Y .y - ® - . AVQ.
b = Y ey ™ g w
104 v 04 = - . "ysan ws ¥
0 . . > Y . . - . .
D112 022 D32 D4z, =1 MO #0480 M0 0
Position of ppt. Detetting Position
(a (d)

WA LINE GO ANMNING Sf M3 SAMS LN

D atecson RFosition

{e)
Fig.5. Results of post irradiation examination of the DUPIC fuel

{a) Cross section of DUPIC fuel by optcal microscope (TELATOM I, LAKC A, Austria)
{b) Memllic precipitate on grain boundary and trace of concentration of Mo

{¢) Concentration profile of the precipitates along the radius of the fuel

() Corcentraton profite of Mo along the radius of the fuet

te} Concentration profile of fission products alongthe radius of the fuel,
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Fig. 6. Metallic precipitates in the irradiated SIMFUEL(a) and their concentrations(b).
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Table 4. Concentrations of precipitates on grain
boundaries and intra grains(wt.%)

A% 23" R 2R HA
Mo 45 42,49
Ru 45,59 45.21
Rh 4.24 4.25
Pd 1.68 1.81

U 0 1.32

Toul 96,63 95,17

Label : fasion20 25 KV 50 nA Thu Mar 17 2002
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