Zr-Nb 297 &= (e+B)/B & BA 4

A Determination of the (a +8)/B Phase Boundary on Zirconium-Niobium
Binary System

o] S5 2~
A, g9
sk

@}

2 A9 4AE WY ddm g5A @ FRAZR AL A MR Zridee ML)
AT Ao A Zr-xNb 297 §F=9] 4 (a+B)/B 2 boundarys FHete] A=
5% A5 FEAAd HA Y FHE A% V2AERE o) &stax st A
FeZ 700ppm A% 33k Aol tisd] 1000T A -quenching s A A& thg DSC 4] d o]
7|FEo 2 900TANA M5T7HAY =004 168417 T2EHHE At 1 & Fdn A3
TEME o]&3le] mAl z2& Ao XRD ¥ AEE 439t = 23 B -quenching ¥
7Zr-xNb 294 &2 5Nb7MA| martensite 210l A EH AL, NbHFo] F718o] wel martensite A
A A plate®] #& Zo}A] 3l martensite Z2& % lath martensite®] 4] twin martensite =& o2 W3
o}, 28y 10NbF 20Nbol thal A= quenching ¥l martensite Z2lo] YEIURA] a1 =5 B4
o] AAHE Rom AFHUT. w3 7zt Lnoi FLdxEst 24 94 B-quenchingd %
Ao A et np7A 2 Nb#o] Z7Fe45 24 o] uAsiden (a+8)/B8 < boundary= DSC, x4 38}
A #Fd d ArEy dys st 82 A3 Nb o] S/l wel gAstes e B
Ao &= ZrolA a— B WEH2EE 93055TCHS & 4 ASTh

2N

mu B rR o
Lo ot

Abstract

(a+B)/B phase boundary of Zr-xNb binary alloy system was examined to develop the optimal
manufacturing process for advanced nuclear fuel cladding tube. For the beta quenched Zr-xNb
alloys containing 700ppm O and 700ppm Fe, isothermal heat treatment was conducted for 168
hours in the temperature range of 900TC to 945C. In the beta quenched Zr-xNb binary alloy,
martensitic structure was formed up to Nb content of 5wt.2%. It was found that, with increasing
Nb contents, the plate width decreased and lath martensite was transformed to twin martensite. In
Zr-10Nb and Zr-20Nb alloys, B, formed after quenching without martensitic transformation and
the microstructure got fined with increasing Nb contents. Based on the results from DSC, optical
microstructure and hardness, it was found that (e +/8)/B phase boundary temperature decreased
with increasing Nb contents and « — 8 transformation temperature of pure Zr was about 930+=5T.
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Table. 1 Isothermal Annealing Heat Treatment of Zr—xNb
Temperature Time Alloy Compositions(wt.%Nb)
900C 168 hours 0, 0.05, 0.1, 0.2, 0.3, 0.4
915C 915 hours 0, 0.05, 0.1, 0.2, 0.3, 0.4
925C 925 hours 0, 0.05, 0.1, 0.2, 0.3, 0.4
935C 935 hours 0, 0.05, 0.1, 0.2, 0.3, 0.4
945C 945 hours 0, 0.05, 0.1, 0.2, 0.3, 0.4
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Fig. 1 Optical micrographs of Zr—xNb alloy quenched from 1000C.



Pure Zr

Fig. 2 TEM micrographs of Zr—xNb alloy quenched from 1000C.




0.5%Nb 0.8%Nb

250 400
o g p
= ; e
i S 350 AS
200 = = =
*’\—‘ ’T‘ 300 \Tj
5 3 3
150 =0
o
= i 2 200 i N
= al 5 o =
o [=} o (=]
£ 100 S £ 150 -
E =4 = = =
5 T
| 100 =
o -
A/ k )
M SV v
30 40 30 40
D Thata Canln 2-Theta-Seal
% 20%Nb
10% b
200 - 400 .
=
350 =
N
150 300 1
[aa]
250
> =
g g
2 )
£ 1=

g

|

. |

)

30 40
2-Theta-Scale 2-Theta-Scale

o
? 8-2r(110)
g

N
8
IS
&

Fig. 3 XRD data of Zr—xNb alloy quenched from 1000C.

Fig. 4 Diffraction pattern of the 20Nb alloy matrix.
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Fig. 5 Hardness(H,) of Zr-xNb alloy quenched from 1000C.
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(b) (a+B)/B phase boundary by DSC

Fig. 6 DSC curve and (a+B)/B phase boundary of
Zr—xNb binary alloy.
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Fig. 7 Optical micrographs of Zr—=xNb alloy system annealed at 945°C, 935C, 925C, 9157,

900°C for 168 hours after water quenching.



Fig. 7(2) Optical micrographs of water—quenched Zr—xNb alloy system after heat treatment
at 850°C for 300 hours
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Fig. 8 Hardness of water—quenched Zr—xNb alloys system
after heat treatment at 945C, 935C, 925C, 915C,
900°C for 168 hours.

Pure Zr

Fig. 9 TEM micrographys of Zr-xNb(x=0, 0.2, 0.4) alloys annealed

at 925°C for 168 hours after water quenching.
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Fig. 10 EDS of Zr-0.2Nb alloy annealed at 925C for 168 hours.
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Fig. 11 (a+B)/B boundary determination of Zr—xNb
alloys by DSC, metallography and hardness(H,).
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