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Abstract The effects of final annealing temperature on the microstructure and creep characteristics were investigat-
ed for the Zr-1Nb-0.2X (X=0, Mo, Cu) and Zr-1Nb-1Sn-0.3Fe-0.1X (X=0, Mo, Cu) alloys. The microstructures
were observed by using TEM/EDS, and grain size and distributions of precipitates were analyzed using a image ana-
lyzer. The creep test was performed at 400°C under applied stress of 150 MPa for 10 days. The A-Zr was observed at

annealing temperature above 600°C. In the temperature above 600°C, the grain sizes of both alloy systems appeared to

be increased with increasing the final annealing temperature. The creep strengths of Zr- 1Nb-1Sn-0.3Fe-0.1X alloys
were higher than those of Zr- 1Nb-0.2X ones due to the effect of solid solution hardening by Sn in Zr- 1Nb-1Sn-0.3Fe
-0.1X alloy system. Also, Mo addition showed the strong effect of precipitate hardening in both alloy systems. The
creep strength rapidly decreased with increasing the annealing temperature up to 600°C. However, a superior creep
resistance was obtained in the sample that annealed to have a second phase of 8- Zr. It was considered that the appear-

ance of £~ Zr would play an important role in the strengthening mechanism of creep deformation.
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Table 1. Chemical composition of experimental alloys

Specimens Nominal Composition(wt%) Analyzed Composition(wt%)
Zr- 1Nb Zr-1.0INb
M5 type alloys Zr-1Nb-0.2Mo Zr-1.01Nb-0.22Mo
Zr-1Nb-0.2Cu Zr-1.0Nb-0.22Cu

Zr- 1Nb-1Sn-0.3Fe

Zr~1.0Nb-0.98Sn-0.3Fe

ZIRLO type alloys

Zr- INb-1Sn-0.3Fe-0.1Mo

Zr-1.03Nb-0.98Sn-0.31Fe-0.1Mo

Zr-1Nb-1Sn-0.3Fe-0.1Cu

Zr-1.04Nb-0.97Sn-0.3Fe-0.12Cu

450TC 500TC

Zr—-1Nb

Zr—-1Nb-
0.2Cu

600T 700T 800TC

Fig. 1. TEM micrographs of M5 type alloys with final annealing temperature.
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Fig. 2. TEM micrographs of ZIRLO type alloys with final annealing temperature.
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Table 2. Characteristics of precipitates in M5 type alloys with final annealing temperature

T .
emp 450°C 500°C 600°C 700°C 800°C
Alloys
Ppt. type S-enriched B-enriched Bzf(mapr),.B— Bor B
enriched(minor)
ppt. shape round round round, oval needle(rr.la)or), needle
oval(minor)
t. size(nm) - - 310 460, W365 x 1.7450
Zi-1Nb | PPH ' W211 x L2100
ppt. area vol.
fraction(%) B B 51 8.1 13
Nb content in 433 423 1438 73 6.4
ppt(wt%)
grain size(um) - - 35 43 5.1
ot B-enriched, B-enriched, B{major), 5 s
ppL. type ZrNbMo ZrMo, ZrMox(minor) ' '
1 -
ppt. shape round round round nee e(rflajor), needle
oval(minor)
t. size(nm) - - 423 o5 W512 % L8690
Zr-1Nb-02Mo| PPV ' W465 x L6450
ppt. area vol.
. - - 7.0 11.7 14.7
fraction(%)
Nb content in 346 352 110 6.6 5.6
ppt.(wt%)
grain size(um) - - 3.0 36 4.7
- B-enriched, B-enriched, B.({major), 5, 5
PpL. type Zr.Cu Zr.Cu Zr,Cu(minor) ' '
needle(major),
ppt. shape round round round, oval oval(minor) needle
¢. size(nm) - 383 168, W544 % 1.8482
Zr-1Nb-0.2Cy | PP Seinm ' W434 x 15940
ppt. area vol.
. - - 7.0 9.3 125
fraction(%)
Nb content in 38.6 372 12.1 72 5.7
ppt.(wt%) L
grain size(um) - | - 3.1 38 5.0

- : Not measured
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Table 3. Characteristics of precipitates in ZIRLO type alloys with final annealing temperature
Termp. 450°C 500 600°C 700C 800°C
Alloys
ZrNbFe(major), | ZrNbFe(mapr), | ZrNbFe(major),
1.t . . . . ZrNbFe, B .
PPL 1ype B-enriched(minor) | A enriched(minor) B:{minor) rNbFe,f, b
ppt. shape round round round, oval round, oval needle
Zr-1Nb-1Sn | ppt. size(nm) - - 420 54.0 W580 % 1.9820
-03Fe ppt. area vol
fraction(%) B B 72 108 154
Nb content in 29.0 23.7 9.9 57 42
ppt.(wi%)
grain size(/m) - - 2.7 36 4.6
ZrNbFe{major), | ZrNbFe(major), | ZrNbFe(major),
ppt. type B-enriched{minor) | #-enriched(minor) Bz{minor) ZrNbFe. . e
ppt. shape round round round, oval round, oval needle
Zr-INb-1Sn | ppt. size(nm) - - 4538 58.7 W618 < 18820
~0.3Fe-0.1Mo ot area vol
o ’ - - 8. 12.6 .
fraction(%) 7 2 15.9
Nb content in 346 352 10.7 6.6 41
ppt.(wi%)
grain size{(um) - - 2.6 34 45
ZrNbFe(major), | ZtNbFe(major), | ZrNbFe(major),
t. t . . . . . ZrNbFe, B .
bpt. type B-enriched({minor) | A-enriched{minor) Bz{minor) rNbFe, B, b
ppt. shape round round round, oval ovm(mapr), needle
needle(minor)
) . 551,
Zr-1Nb-1Sn | ppt. size(nm) - - 452 W286 x L2850 W621 x L8560
-0.3Fe-0.1Cu oot area vol
fraction(%) B B 82 113 13.9
Nb content in
39.2 37.0 13.2 1 .
ppt.(wi%) 7 42
grain size(/m) - - 2.6 35 45

- : Not measured
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Fig. 3. Low magnification ( x 3000) of TEM micrographs in M5 type alloys with final annealing temperature.
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Fig. 4. Low magnification ( x 3000) of TEM micrographs in ZIRLO type alloys with final annealing temperature.
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Fig. 5. Creep curves of M5 and ZIRLO type alloys with final annealing temperature under test condition of 400°C and 150 MPa.
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