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Effect of Ni/Fe Ion Concentration Ratio on Fuel Cladding Crud Deposition
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The objectives of this study are to investigate the effect of the concentration ratios of Ni and Fe ions
on crud deposition onto the fuel cladding surface in the simulated primary environments of a pressurized
water reactor. Crud deposition tests were conducted in the Ni and Fe concentration ratios of 20:20 ppm,
39:1 ppm and 1:39 ppm at 325°C for 14 days. In the case of the same Ni and Fe ion ratio (20:20), nickel
ferrite with a polyhedral shape was formed. Nickel oxide deposits with a needle shape were formed in
the condition of high Ni to Fe ion ratio (39:1), While polyhedral iron oxide and needle-like nickel oxide
formed in the condition of low Ni to Fe ion ratio (1:39). The amount of deposits increased, when Fe oxides
were formed. This indicates that Fe rich oxides stimulated Ni oxide deposition.
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Table 1. Chemical composition and mechanical properties of the Ziro cladding tube.

Composition (%)

Mechanical properties at RT
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EFFECT OF NI/FE ION CONCENTRATION RATIO ON FUEL CLADDING CRUD DEPOSITION
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Fig. 1. Schematic drawing of the recirculating system used for deposition tests.

Table 2. Test conditions with the Ni/Fe concentration ratio in EDTA form.

Chemicals
Test Specimen . (ppn;)i B athI;IT (clc)/Iljg) (}l))p ?)) Exposure time
Ni Fe as LiOH as H;BOs
Bl 20 20 6.4
B2 Zirlo 1 39 3.5 1500 6.4% 5 <5 14 days
B3 39 1 6.4
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Fig. 2. SEM photographs of corrosion products formed at Ni/Fe
ion concentration of (a) Ni/Fe 20:20 ppm, (b) Ni/Fe 1:39 ppm
and (c) Ni/Fe 39:1 ppm.

Chemical composition
Spect (at %)

O | Fe | Ni Zr
S1 49 [ 45 | 57| 01
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Fig. 3. STEM-EDS analy51s on the polyhedral 0x1de formed at
Ni/Fe concentration ratio 20:20 ppm.
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Fig. 4. STEM-EDS analysis of (a) point and (b) element line scans
on the polyhedral oxide formed at Ni/Fe concentration ratio 20:20
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Chemical
composition
Spec (at %)
trum
o Fe | Ni

51 61 | 39 0

s2 30 | 22 | 48

(b)
Fig. 5. STEM-EDS analysis of (a) point and (b) element mapping
on the needle and polyhedral oxide formed at Ni/Fe concentration

ratio 1:39 ppm.
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@

(b)
Fig. 6. STEM-EDS analysis of (a) point and (b) element mapping
on the needle oxide formed at Ni/Fe concentration ratio 39:1 ppm.
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NI/Fe ion concentration ratio
Fig. 8. Effect of Ni/Fe concentration ratio on the amount of
deposit.
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