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Abstracts

Currently, the Korean nuclear industry uses ZIRLO as material for nuclear fuel cladding(zirconium alloy). KEPCO

Nuclear Fuel is in the process of developing a HANA alloy to enable domestic production of cladding. Cladding manufacture
involves multistage heat treatments and pickling processes, the latter of which is vital for the removal of defects and impurities
on the cladding surface. SMUT that forms on the cladding surface during such pickling process is a source of surface defects
during heat treatment and post-treatment processes if not removed. This study analyzes ZIRLO, HANA-4, and HANA-6 alloy
claddings to extensively study the SEM/EDS, XRD, and particle size characteristics of SMUT, which are second phase particles
that are formed on the cladding surface during pickling processes. Using the analysis results, this study observes SMUT
formation characteristics according to Nb concentration in Zr alloys during the washing process following the pickling process.
In addition, this study observes SMUT removal characteristics on cladding surfaces according to concentrations of nitric acid

and hydrofluoric acid in the acid solution.
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Surface reaction

3Zr+4HNO:+12HF — 3ZrF,+4NO+8H,0

N Zr alloycladdmg tube _.

Solution reaction

ZI'F4+2HF — szrFﬁ

Fig. 1. Reaction diagram of zirconium cladding tube during pickling process.

Fig. 2. Corrosion defect caused by residual

SMUT during heat treatment process.
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Table 1. Chemical composition of nuclear cladding tube used in
this study.

Sn Nb Fe Cr Cu
ZIRLO 0.8 0.8 0.1 - -
HANA-4 0.5 1.4 0.15 0.1 -
HANA-6 - 1.2 - - 0.07
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Fig. 3. Experimental method for evaluation of SMUT characteristics.
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Fig. 4. The result of SEM-EDS for obtaining SMUT: a) ZIRLO; b) HANA-4; ¢) HANA-6; d) EDS results.
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Fig. 5. The size distribution of obtained SMUT from various
nuclear cladding tube.
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Fig. 6. The XRD results of obtained SMUT from various nuclear
cladding tubes.
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Fig. 7. Calculation result of reaction product in pickling solution
using HSC chemistry: a) according to concentration of niobium; b)
according to concentration of nitric acid.
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Pickling (4min)

Fig. 8. Experimental methods for measuring the amount of SMUT.

4NbFs+ 7THNO; + H,O — 2Nb,Os+ 24F + 3NH; + 4NO;

®)
2Nb205 +2HNO; — 2Nb02 + 2NbN + 60,+H, (9)
2NbO,+ 2HNO; — NbO + NbN + 50,+ H, (10)
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Table 2. Measurement results of SMUT weight and reduction rate
of tube weight.

Weight of SMUT, Weight reduction rate of tube,

g %

ZIRLO 0.0217 2.02

HANA-4 0.0061 1.71

HANA-6 0.0085 1.73
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Fig. 9. The SEM analysis of cross section of Zr cladding tube after pickling process.
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| |

Characterization of SMUT removal using ultrasonic and felt cleaning

Ultrasonic Cleaning
(40kHz, 200w, 2min)

4. After cleaning 5. Hosing 6. Felt cleaning

Fig. 10. Diagram of the application of the pickling experiment and the commercialization process using the ultrasonic cleaning method.
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