[= %] #ZARIHA
Korean Journal of Materials Research
Vol. 4, No. 3 (1994)

A AT ALGH = Zircaloy-4
B o] A AT A

4718 - ol B - 7t
A2 A 4

Analysis of Irradiation Growth Behavior for the Zircaloy-4 Cladding
used in the KOFA Fuel

Ki Hang Kim, Chan Bock Lee, Kyu Tae Kim

Korea Atomic Energy Research Institute

P

£ i Yds Al8H e KOFA Zircaloy-4 HE 39 A AT S Hristae Ax 3%
o] MZ th& SiemensAl HB o] ZAMYGAFH vlilstr] $ste] 128 2570 AME AAdE 7
B e A Hol A H U KOFA Zircaloy-4 2 #2 A5 XAl F& AER3HZ sty
fully annealed Zircaloy 3% #o4 YeElves A a9 s&sivtAe 294 2AAHFY A%
< el Atk KOFA 233 SiemensAl #E2%e] ZHd ZAMAF & zole AzFH Ao
ol 7191% AEH AFE Al Fel2A A9 4 UATh 1Y 257 FAYARNA SHE A
852 o]&3dy KOFA Zircaloy-4 3239 2¢t4 RAIAN A ¥do] SFrsAed &§F 2HAxEgr B
o] A=Y frd Rdo Fgdo] B P HFE 7+ d& Holrh

Abstract The irradiation growth of the Zircaloy-4 cladding in the KOFA fuel loaded in the Kori-2
nuclear plant was measured to evaluate the irradiation growth behavior and to be compared with that of
the Siemens cladding having different manufacturing process. Due to the partial recrystallization by
final heat treatment, the KOFA Zircaloy-4 cladding showed a two step irradiation growth behavior such
as the growth saturation and the accerlation which is typical of the fully annealed Zircaloy cladding. The
difference in the measured irradiation growth rate between the KOFA and the Siemens cladding could
be explained by the difference in the cladding texture which depends on the manufacturing process.
From the measured irradiation growth data of Kori-2 KOFA fuel, a two-step irradiation growth model
of the KOFA Zircaloy-4 cladding was derived, the accuracy of which can be more clearly verified as the

measured data of the irradiation growth are accumulated in the future.
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Table 1. Metallurgical Properties of the KOFA and the Siemens Cladding Tube Materials

Chemical Composition

f ercaloy 4  SIEMENS Zi 71rcaloy -4

Sn: 1.20—1.70, Fe:0.18—-0.24, Cr:0.07-0.18, O:0.10—0.16,

(w/o) Fe+Cr : 0.28—0.37, “*01 Al Pb, C, Nb

Texture Coefficient S Fr:0521 7~\-F—;Z—O.IQ o

(Kearns number) Ft:0.413 Ft : 0.41

Fz : 0.060 Fz : 0.10
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Fig. 1. Typical manufacturing process of Zircaloy
cladding tube
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Table 2. Reduction of Area and Q-factor in Cold
Pilgering Stage of Cladding Tube

- | KOFA Cladding |SIEMENS Cladding
v [L18] 200110103
Area(%) | 51.7/1. 3/1.
" |3step| 7.87/2.02 | 76.8/1.75
Q-factor 4 step| 80.3/1.75 -

3. &% % n#

31 deg do| M3
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Table 3. Measured Length Changes and Fast Neutron Fluence for the Kori-2 Fuel Rod

No. of meas-

Fuel Assembly

Cladding Tube

ured F R
J—31 16 KOFA
J—32 60 KOFA

J—40 16 KOFA
J—44 10 KOFA
J—44 2 SIEMENS

Length Changes Fast Neutron Fluence
(mm) (10%*'n/cm?)
- 36-58 | 28-36 B
1.6—5.5 1.2-3.6
6.2—8.8 3.8—4.1
15.7—-17.4 7.3-7.7
13.7-14.2 | 7.43 o
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Fig. 2. Measured axial growth as a function of fast
neutron fluence(E>0.821 Mev)
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Fig. 3. Typical Irradiation Growth Model of fully
Annealed and as—cold worked Zircaloy-4 Cladding
material
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