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To enhance the safety of nuclear reactors after the Fukushima accident, researchers are
developing various types of accident tolerant fuel (ATF) to increase the coping time and reduce
the generation of hydrogen by oxidation. Coated cladding, an ATF concept, can be a promising
technology in view of its commercialization. We applied 3D printing technology to the fabrication
of coated cladding as well as of coated pellets. Direct metal tooling (DMT) in 3D printing
technologies can create a coated layer on the tubular cladding surface, which maintains stability
during corrosion, creep, and wear in the reactor. A 3D laser coating apparatus was built, and
parameter studies were carried out. To coat pellets with erbium using this apparatus, we
undertook preliminary experiments involving metal pellets. The adhesion test showed that the
coated layer can be maintained at near fracture strength.
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Fig. 1 Light water reactor fuel assembly and components
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Fig. 4 Apparatus of the 3D laser coating equipment for
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Table 1 Process parameter study for the coating process

Laser | Scan |Powder| Shield

Ring Tensile Test

Test No. | Shape | power | speed | supply |gas flow 500+ NN
(W) | (mm/s) | (g/min) | (I/min) 400 s i e
CASEl | Sheet | 100 | 25 | 15 | 25 N

300+ ~o

~-—-p

CASE2 | Sheet | 100 | 2.5 | 2.0 | 28
CASE3 | Sheet | 100 | 50 | 2.0 | 3.
CASE4 | Sheet | 110 | 50 | 25 | 3.5 o
CASES | Tube | 100 | 50 | 2.0 | 3. B s
CASE6 | Tube | 110 | 3.0 | 20 | 25

Hoop stress, MPa

Fig. 6 Ring tensile test results of Cr-coated Zircaloy-4

cladding tube
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— Erbium

» Zircaloy

Fig. 7 Concept of burnable poison pellet

Table 2 Material properties of erbium and zirconium

Material properties Erbium |Zirconium

Atomic weight 167.26 91.22
Density (g/cm’) 9.16 6.5

Crystal structure HCP HCP

Melting temperature (K) 1802 2128
Thermal conductivity (W/mK) 14.5 22.6
Thermal expansion coefficient 122 57

(um/mK)
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Fig. 8 Results of coated pellet and SEM image
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