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Abstract : Metalization yield of uranium oxide to uranium metal from lithium reduction process of

oﬂ,
p

spent pressurized water reactor (PWR) fuels was measured using thermogravimetric analyzer. A reduced
metal produced in the process was divided into a solid and a powder part, and each metalization yield
was measured. Metalization yield of the solid part was 90.7~95.9 wt%, and the powder being 77.8 ~
71.5 wt% individually. Oxidation behaviour of the quarternary alloy was investigated to take data on
the thermal oxidation stability necessary for the study on dry storage of the reduced metal. At 600~
700 C, weight increments of alloy of Mo, Ru, Rh and Pd was 0.40~0.55 wt%. Phase change on the
surface of the alloy was started at 750 C. In particular, Mo was rapidly oxidized and then the alloy
lost 0.76 ~25.22 wt% in weight.
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Fig. 1. Typical T.G.A curve of U metal and UO,
powder, a; U metal (NBL 112-A), b; Pure UO,
powder (made by KNFC).
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Table 1. The Metal transfer yield of reduction products
in reduction process of simulated spent PWR
fuels by Lithium metal (Us05 — U)

Sample Sample Increased of weight Metal transfer Average

type  color (wt%) 1, yield (wt%)oy  (wt%)
Solid  Black 16.08 86.82

90.68
Solid Brown 17.16 94.53
Powder Black 14.81 77.69

717.84
Powder Brown 14.85 77.99

( Obtained from thermogravimetric analyzer.

@ Calculated by Mt=100(%)-{(17.92431(%)-increased weight
(%))/0.1397].

Table 2. The Metal transfer yield of reduction products
in reduction process of simulated spent PWR
fuels by Lithium metal(UOQ, > U)

Sample Sample Increased of weight Metal transfer Average

type  color (wt%)) yield(wt%)zy  (wt%)
Solid  Black 17.54 97.20
95.94
Solid  Brown 17.19 94.68
Powder Black 13.66 69.35
71.52
Powder Brown 14.25 73.69

1y Obtained from thermogravimetric analyzer.

@ Calculated by Mt=100(%)-{(17.92431(%) - increased weight
(%))/0.1397].
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Fig. 2. Oxidation kinetics for Mo, Ru, Rh, and Pd Metal
in air atmosphere on TGA at 820 1, a:Mo, b:Pd,
c:Rh, d:Ru.
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Fig. 3. X-ray Photoelectron Spectra of Mo-Ru-Rh-Pd alloy.
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Fig. 4. SEM and EPMA spectrum of Mo-Ru-Rh-Pd alloy.
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Table 3. Concentration determined of quaternary of alloy
by EPMA;, and ICP-AES,,

EPMA ICP-AES
Element
Atom % Wt % pg/mL  fraction, (%)
Mo 42.79 41.31 199.8 41.50
Ru 42.26 4297 2164 4490
Rh 7.86 8.13 35.7 0.07
Pd 7.08 7.58 293 0.06

(1) EPMA(Electron Probe Micro Analyzer)
(2) ICP-AES(Inductively Coupled Plasma- Atomic Emi- ssion
Spectrometry)
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Fig. 5. Weight change for oxidation and decomposition
of Mo-Ru-Rh-Pd alloy at high temperature in Air.
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Table 4. Concentration determined

alloy by EPMA*
Weight %
Element
alloy 650 T 750 C 950 C
Mo 41.31 23.64 19.72 391
Ru 4226 43.51 53.39 72.45
Rh 8.13 12.06 8.90 13.38
Pd 7.58 20.12 17.99 10.26

Accelated voltage: 20 KV, Beam current : Dead time 25~ 30%
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Fig. 6. SEM Images of Mo-Ru-Rh-Pd alloy after oxidation,
A; at 650 T, B: at 750 C.

Table 5. Concentration determined of quaternary of alloy
b)‘ EPMAU) and ICP-A.ESm

EPMA ICP-AES
Element
Atom % Wt % pg/mL fraction, (%)
Mo 4.14 391 17.0 3.50
Ru 72.84 72.45 364.5 75.40
Rh 13.22 13.38 60.4 12.50
Pd 9.80 10.26 413 8.50
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