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Microstructural characteristics of K—cladding tubes
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Abstract

It was studied that the microsturctural characteristics of K1 and K2 cladding tubes having the
superior corrosion and mechanical properties. For both tubes, the microstructures and hardness
were analyzed in the as-received state and the characteristics phase change was observed in the
a, a+tp and P phase. In addition, the recrystallization and hydride orientation were also
analyzed. The hardness of specimens having the cold-worked microstructures were higher that
those having the stress-relieved and the fully recrystallized microstructures. After the heat
treatment in the range of temperature at a, a+p and B phase, the B phase was shown in a+
B microsturctures and the martensite in B microstructures. The hydride orientations of M5 and
ZIRLO were different room those of K-cladding thues and Zircaloy-4 and the f, of the M5 and

ZIRLO were slightly higher than those of the other tubes.
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Table 1. Chemical composition of the K-claddings and
the reference claddings

Group ID Composition

K1A10 (cold worked)
K1 K1A11 (470 ) Zr-0.4Nb-0.8Sn-Fe-Cr-Mn
K1A12 (520 )

K2A10 (cold worked)

K2 K2A11 (470 ) Zr-0.2Nb-1.1Sn-Fe-Cr-Cu
K2A12 (520 )

ZIRLO Zr-1.0Nb-1.0Sn-0.1Fe
Reference Zircaloy-4 Zr-1.4Sn-0.2Fe-0.1Cr
M5 Zr-1.0Nb-0.1250

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

Alloys ID Fo
K1A10 0.0083
K1 K1A11 0.0074
K1A12 0.0096
K2A10 0.0054
K2 K2A11 0.0484
K2A12 0.0420
ZIRLO 0.0732
Reference Zircaloy-4 0.0066
M5 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) K2Al1l
(f) K2A12 (g)) ZIRLO (h) Zircaloy-4 (i) M5



(a)

g

Hardness(H )
g 8

8

3

KIA10 K1A11 K1A12 ZIRLO Zircaloy-4 M5
Annealing Teamperature( )

(b)

Hardness(H )
g 8

8

3

K2A10 K2A11 K2A12 ZIRLO Zircaloy-4 M5
Annealing Temperature( )

Fig. 2 Knoop hardness of the as-received K-cladding tubes
; (@) 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
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Fig. 4 Precipitates distributions of K-cladding tubes ; (a) K1 cladding tube
(b) K2 cladding tube



DSC(uVimg)

0.03 : T 004 . :
€ > i<——> 008 € > <> <
002 | o a ¢ g a Ve ¢
+ 002} i ot
— o001} B — IO
3 g oou s
2 0.00 - 3 0.00
2 P 2 5
o 0oLk : 0 001 :
/\o/— 002} :
002} \C/ : \ \0/
: H 003} 5
(€)) P (b) :
-0.03 : 0.04 -
200 400 600 800 1000 200 400 600 800 1000
Temperature( ) Temperature( )
003 0.02 3 :
< >E>I€C—> 003 € > < > <€
002+ o (o [3 o B a E a E B
+i + 001 P+ 1
Bi 002} PR
001} : 5 ’g’ : :
: £ £ i i
: S L S :
000} : 3 oo 2 000} :
: %) o} :
H (%] 8 :
H o .
001} ¥/\< E 0.00 - E
: 001}
002} H N I T V\()/
Cc i d : Y e :
003 ( ) : 0.02 ( ) i L -0.02 ( ) =
200 400 600 800 1000 200 400 600 800 1000 200 400 600 800 1000
Temperature( ) Temperature( ) Temperature( )

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



Zricaloy-

a+b annealed(870°C) and

annealed(1100°C) K-cladding and reference cladding tubes

Fig. 6 Microstructures of a—-annealed(690°C)
b
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Fig. 7 Knoop hardness of a-annealed(690°C),a+b annealed(870°C),
and b-annealed(1100°C) K1, K2 and reference cladding tubes
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Fig. 8 Knoop hardness of K-cladding tubes with the variation of final
anneal temperatures ; (a) K1 cladding tubes (b) K2 cladding tubes



Fig. 9 Hydride micrography of the K-cladding tubes and the reference
cladding tubes ; (a) AL1A10 (b) A1A11 (c) A1A12 (d) K2AO0 (e) K2A11
(f) K2A12 (g) ZIRLO (h) Zircaloy-4 (i) M5
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