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Tensile Properties of New Cladding Tubes
Depending on the Change of Intermediate and Final Heat Treatments
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Abstract

To evaluate the effect of both intermediate and final heat treatments on the tensile properties of
new KAERI cladding tubes, four kinds of the tubes(UE, UF, UG and UH) were manufactured and
the tensile tests of those tubes were carried out with the strain rate 4.2X10"%/s at room temperature
and 400 . The effect of intermediate heat treatment on the claddings was a little, but that of final
one was distinguishable showing that the higher the final heat treatment was the lower both the
yield strength and the ultimate tensile strength was, and the elongation was vice versa. The tensile
strength of the tubes was equivalent to or over than that of Zry-4 but the tensile elongation of the
tubes was larger by about 2.6-4.3%
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Table 1. Chemical Composition of the Tested Tubes (wt.%)

Tubes | Nb | Sn | Fe cr | cu 0 zr ODXIDXTH
UE | 15 | 04 - X | 0.12 | bal
UF | 15 | 04 X [ 012 | bal
UG | 04 | 08 X 0.12 | bal | >x836x0.57
UH | 1.2 - _ - 0.12 | bal

Zry-4 | - | 126 | 023 | 0.12 | - | 0129 | bal. | 9.7x8.43x0.63
AZ | 1.00 | 0.99 | 011 | - ~ [ 0.113 | bal. | 9.5x8.36x0.57

Table 2. Above or Below Fraction of Tensile Properties B1 to Those of Al (%)

Tested _ Claddings UE UF UE UE
Temperature | Tensile Propertie
Yield Stress 3.7 -3.6 -0.3 0
Room - -
Ultimate Tensile Stress 3.6 -4.4 0.7 1.9
Temperature -
Elongation 1.1 1.4 1.6 -6.7
Yield Stress 5 -6.2 -3.4 0
400 Ultimate Tensile Stress 6.5 -5.7 1.5 1.9
Elongation -5.1 -2.6 -2.6 -6.7
Table 3. Above or Below Fraction of Tensile Properties B2 to Those of A3 (%)
Tested _ Claddings UE UF UE UE
Temperature | Tensile Properti€
Yield Stress 3.9 -0.5 -2.2 -1.2
Room - -
Ultimate Tensile Stress 4.7 -0.5 0.9 -0.1
Temperature -
Elongation -5.4 -2.4 -1.5 -1.1
Yield Stress 9.1 3.5 -6.6 -1.2
400 Ultimate Tensile Stress 6.8 3.3 -4.8 0
Elongation -4.3 -8.8 -8.8 -1.1
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Fig.1 Overall manufacturing process outline of UE, UF, UG and UH cladding tubes
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Fig. 2 Stress-Strain curve of UE, UF, UG, and UH cladding tubes when
tested at room temperature: Al Stress-Strain Curve(Room) for Al
final heat treatment, A5 Stress-Strain Curve(Room) for A5 final

heat treatment



Fig. 3 TEM micrographs of UF cladding tube; A: when it was finally heat-
treated for 2.5 hours at 470°C(Al), B: at 510°C(A3), C: at 570°C(A5)



1200

(a) Tensile Strength
900
Il YS
g % e A UTS
=
< 600 7 7 | |
)
c
o
n
300
0
3A1 3B1 4A1 4Bl 5A1 5B1  6Al 6Bl
Claddings
50
40 (b) Elongation
X
5 30
©
(@)
&
w20
10
0

3Al1 3B1 4A1 4B1 5A1 5B1 6Al 6B1
Claddings
Fig. 4 Mechanical properties at room temperature of UE(3), UF(4), UG(5), UH(6)

cladding tubes having different intermediate heat treatment history(Al, B1)
when they were finally heat-treated at 470°C X 2.5 hours



1200

(a) Tensile Strength

900

S
[~ AUTS

o))
o
o

Strength, MPa

300 -

3A3 3B2 4A3  4B2 5A3 5B2 < 6A3  6B2
Claddings

50

(b) Elongation

40

30

20

Elongation, %

10

3A3 3B2 4A3  4B2 5A3 5B2 6A3  6B2
Claddings

Fig. 5 Mechanical properties at room temperature of UE(3), UF(4), UG(5), UH(6)
cladding tubes having different intermediate heat treatment history(Al, B1)
when they were finally heat-treated at 510°C X 2.5hours
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Fig. 6 Mechanical properties at 400°C of UE(3), UF(4), UG(5), UH(6) cladding tubes
having different intermediate heat treatment history(Al, B1) when they were
finally heat-treated at 470°C X 2.5 hours
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Fig. 7 Mechanical properties at 400°C of UE(3), UF(4), UG(5), UH(6) cladding tubes
having different intermediate heat treatment history(Al, B1) when they were
finally heat-treated at 510°C X 2.5 hours
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Fig. 8 Mechanical properties at room temperature of UE, UF, UG, UH
cladding tubes when they were finally heat-treated for 2.5 hours at
470°C(Al1), 510°C(A3), 570°C(A5) and 620°C(B3)
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Fig. 9 Mechanical properties at 400°C of UE, UF, UG, UH cladding tubes
when they were finally heat-treated for 2.5 hours at 470°C(Al),
510°C(A3), 570°C(A5) and 620°C(B3)
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Fig. 10 Fractographs of UF cladding tube when it was tested at room
temperature and 400°C
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