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Table 1. Chemical composition of the K-claddings and 
the reference claddings

Group

K1

K2

ID

K1A10 (cold worked)
K1A11 (470℃)             
K1A12 (520℃)

K2A10 (cold worked)
K2A11 (470℃)
K2A12 (520℃)

Reference
ZIRLO 
Zircaloy-4 
M5            

Zr-0.2Nb-1.1Sn-Fe-Cr-Cu

Zr-0.4Nb-0.8Sn-Fe-Cr-Mn

Composition

Zr-1.0Nb-1.0Sn-0.1Fe
Zr-1.4Sn-0.2Fe-0.1Cr
Zr-1.0Nb-0.125O 

Table 2. Fn index of hydride orientation of the K-claddings 
and the reference claddings

Alloys

K1

K2

ID

K1A10

K1A11

K1A12

K2A10

Fn

K2A11

K2A12

0.0083

0.0074

0.0096

0.0054

0.0484

0.0420

Reference

ZIRLO

Zircaloy-4

M5

0.0732

0.0066

0.0322



Fig. 1  Microstructures of the as-received K- cladding tubes and the reference 

cladding tubes ; (a) A1A10 (b) A1A11 (c) A1A12 (d) K2A0 (e) K2A11

(f) K2A12 (g)) ZIRLO (h) Zircaloy-4 (i) M5 
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Fig. 2 Knoop  hardness of the as-received K-cladding tubes 
; (a) K1 alloys, (b) K2 alloys
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Fig. 3 TEM of the as-received K-cladding tubes ; (a) K1A11 (b) K1A12 
(c) K2A11 (d) K2A12

400 nm

(d)(c)

(b)(a)

1µm

(d)(c)

(b)(a)

×5,000 ×20,000



0 50 100 150 200 250 300
0

5

10

15

20

25

Fr
eq

ue
nc

y 
(%

)

Eqivalent Diameter (nm)

K1A11
No. of views : 14
No. of precipitates : 312
Area fraction: 4.91 %

No. density : 2.4 x10-6 nm-2

Mean Diameter : 72.3 nm
Standard deviation : 37.7 nm

Fig. 4 Precipitates distributions of K-cladding tubes ; (a) K1 cladding tube 
(b) K2 cladding tube
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Fig. 5 DSC analysis by heat  the as-received K-cladding tubes and 
the reference cladding tubes ; (a) K1A10 (b) K2A10 (c) ZIRLO
(d) Zircaloy-4 (e) M5
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Fig. 6 Microstructures of α-annealed(690oC),α+β annealed(870oC) and 
β-annealed(1100oC) K-cladding and reference cladding tubes
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Fig. 7 Knoop hardness of α-annealed(690oC),α+β annealed(870oC), 
and β-annealed(1100oC) K1, K2 and reference cladding tubes 

Fig. 8 Knoop hardness of K-cladding tubes with the variation of final 
anneal temperatures ; (a) K1 cladding tubes (b) K2 cladding tubes
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Fig. 9  Hydride micrography of the K-cladding tubes and the reference 

cladding tubes ; (a) A1A10 (b) A1A11 (c) A1A12 (d) K2A0 (e) K2A11

(f) K2A12 (g) ZIRLO (h) Zircaloy-4 (i) M5 
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