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Abstract

The mechanical properties of M5 type (Zr-INb-02X ; X = Mo, Cu) and ZIRLO type
(Zr-INb-1Sn-03Fe-0.1X ; X = Mo, Cu) alloys were evaluated for the optimization of final
annealing process of these alloys at the annealing temperature regime of 450 700 . The
microstructure was observed by OM and TEM. The mechanical properties were investigated
by the tensile, Knoop hardness and creep test. The test results of tension and hardness
showed that the mechanical strength decreased rapidly with annealing temperature, but the
strength remained constant above the fully recrystallization temperature. T he strength of alloys
would be due to the mechanism of solid solution, precipitation, and grain size. The appearance
of second phase may be played a major role in the strengthening of the alloys when these
were annealed at above the recrystallization temperature. Tensile strength of ZIRLO type
alloys was higher than that of M5 type alloys. The addition of Mo was more effective in
strengthening than that of Cu. The effect of alloying element on creep strength showed
similar trend with that of tensile strength.
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T able 1. Summary of test results for MS and ZIRLO type

alloys in various test conditions

Final UTS UTS Knoop
Chemical Steady State
Annealing 20 A00 Hardeness
Composition Creep Rate(%s)
Temperature | (Mpa) | (Mpa) (He)
Zr- INb 450 5%6 24 175.0 15.78E-6
Zr- INb 500 4939 2884 1616 22.77E-6
Zr- INb 600 347 87 1296 142.3E-6
Zr- INb 700 4012 2111 1328 0811E-6
Zr- INb-0.2Mo 450 503 3369 1845 3.36E-6
Zr- INb-0.2Mo 500 551 3284 174 .2 8.863E-6
Zr- INb-0.2Mo 600 4194 2150 1379 88.75E- 6
Zr- INb-0.2Mo 700 452 | 270 | 1398 0.744E-6
Zr- INb-0.2Cu 450 506 456 178.7 10.89E- 6
Zr- INb-0.2Cu 500 404 207 1635 14 6E-6
Zr- INb-0.2Cu 600 406.7 2100 1338 149.8E-6
Zr- INb-0.2Cu 700 4121 | 2183 | 1343 1.38E-6
Zr- INb-1Sn-03Fe| 450 6243 | 4146 | 1996 1536E-6
Zr- INb-1Sn-03Fe| 500 507 | 3300 | 1906 1555E-6
Zr- INb-1Sn-03Fe| 600 465 | 2456 | 1430 5.241E-6
Zr- INb-1Sn-03Fe| 700 450 | 2432 | 1456 1.470E-6
Zr- 1INb-1Sn
450 437 456 2058 1.336E- 6
-0.3Fe-0.1Mo
Zr- 1INb-1Sn
500 5086 4014 1928 1414E-6
-0.3Fe-0.1Mo
Zr- 1INb-1Sn
600 4687 2464 1514 2441E-6
-0.3Fe-0.1Mo
Zr- 1INb-1Sn
700 405 208 154.0 1.28E-6
-0.3Fe-0.1Mo
Zr- 1INb-1Sn
450 624.7 416.1 201.0 1.337E-6
-0.3Fe-0.1Cu
Zr- 1INb-1Sn
500 5025 B4 188.9 1428E-6
-0.3Fe-0.1Cu
Zr- 1INb-1Sn
600 4666 2498 143.9 4.022E-6
-0.3Fe-0.1Cu
Zr- 1INb-1Sn
700 4640 202 1478 1.325E- 6
-0.3Fe-0.1Cu
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Fig.1(a). Optical Micrographs of MS type alloys after final
annealing at 450 , 500 , 600 and 700 for 3hr
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Fig.1(b). Optical Micrographs of ZIRLO type alloys after final
annealing at 450 , 500 , 600 and 700 for 3hr
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Fig. 2(a) TEM micrographs of MS type alloys after final
annealing at 450 , 500 , 600 and 700 for 3hr
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Fig. 2(b) TEM micrographs of ZIRLO type alloys after final
annealing at 450 , 500 , 600 and 700 for 3hr
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Fig.3. The effect of final annealing temperature on the tensile
strength of MS and ZIRLO type alloys tested at room

temperature.
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Fig4. The effect of final annealing temperature on the tensile
strength of MS and ZIRLO type alloys tested at 400
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alloys depend on final annealing temperature.

type



-B- 3tk

¥l Prrating o At
04| v Frein .
L. 5 | k]
# DhfbihdFe l L]
d- B b th el

A= BTB IR ¥

] i i
¥
T
:E' 8- ¥ r T
x A
8 . o
T
v
J " v
1 ¥  om
v v
| .
" :.

2 1 y—4—1
I R = e =t e
* i I Ak 4
e =

o : .

L) Hl o 150 an =)
(a)
- : T T
_l -
b ; Finad Aemenling it W00 | 0
» P TRabaT]
- + TS F
A B Sl
g BT 5l e
= - - [EEp——
»
n{ .
H ¥
15- ¥ i
‘.‘ .
Ly I ]
L1 I
* L ]

Ef' - 1‘1"j°h'

bsvess
e

i

a

¥ 3th

i~ BHBON

L2 i
PR

TR v

25 e 10

il 3
v
L * - =
104 Y ¥ i
i '--'I' 13
1 a1 i v ¥
"_l-:i:"f": =¥ L L v * b " = b =
T T T T T
i b1 m 190 xn -
Tirre{hr)
T T T T T
iy
s ¥
ot 3
ey =3
L
gt ]
v
N o, i
= "
.
'l': e -
i - F-HEEAE
.!_f' B T
-' ¥ rrEThINe
- BRI Fel
;1-" _n—-.-?dh'l - B RBERATOND
¥ T ¥ 1 ¥ 1 1
il 10 h=1] a0 =0

(d)

Fig.7. Creep curves of M5 and ZIRLO type alloys final-annealed at

various temperature under test condition of 400

(a) Final annealing at 450

(c) Final annealing at 600

(b) Final
(d) Final

and 150Mpa
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annealing at 700
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