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Effect of Nb-content and Cooling Rate during f-quenching
on Phase Transformation of Zr Alloys
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Zirconium Fuel Cladding Team, Korea Atomic Energy Research Institute, Daejeon 305-353, Korea

Abstract Zr-xNb alloys (x = 0.2, 0.8, 1.5 wt.%) were prepared to study the characteristics of the phase transfor-
mation in Zr-Nb system. The samples were heat treated at B-temperature (1020°C) for 20 min and then cooled
with different cooling rate. The microstructures of the specimens having the same compositions were changed
with cooling rate and Nb content. The Widmanstatten structure was observed on the furnace-cooled sample. The
relationship between a-Widmanstétien and B-phase was the {0001}o/{110}B, <112 0>//<111>. The B-phase in
Widmanstatten structure of Zr-Nb alloys containing Nb more than solubility limit was identified as B,, phase which
was a stable phase at high temperature. In the water quenched samples, two kinds of martensite structures were
observed depending on the Nb-concentration. The lath martensite was formed in Zr-0.2, 0.8 wt.% Nb alloys and

the plate martensite having twins was formed in Zr-1.5 wt.% Nb alloy.
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Table 1. Heat treatment condition of Zr-xNb alloys with
cooling rate.

Specimens Heat treatment Cooling rate
(a) Furnace cooling
Zr-xNb alloys 1020°C, 20 min 0.1%C/s)
(x=0.2,0.8, 1.5 wt.%) (b) Water quenching
(1200T/s)
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Fig. 1. TEM micrographs of Zr-xNb alloys with different
cooling rate;
(a) furnace cooled (0.1°C/s) (b) water quenched (1200°C/s).
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Fig. 2. TEM micrographs of furnace cooled Zr-0.8Nb alloy;
(a) bright field image, (b) dark field image and SAD, (c)
EDS spectrum of B,
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Fig. 3. TEM micrographs of furnace cooled Zr-1.5Nb alloy;
(a) bright field image, (b) dark field image, and (c) SAD
pattern.
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Fig. 4. TEM micrographs of water quenched Zr-0.2Nb alloy;
(a) bright field image, (b) dark field image, and (c) SAD
pattern.

ule} o] packet W Z47}He] lath ZA7ZAIE twin
AP} FARSE Adr|Tol o8 vehdtls Bare}
dxjslFct, 22yt B AFe] A3y Srivastava)
d7ele 9] vie- A= Nb 37 A23Ed
FAMNE twindt FA13H lath-lath AAIS] EAdo) 11
F59] Nb H715(Zr-2.5 wt. % Nbyeuk oz}
olefgt AXsH Edo] veld 4= qlgol ERIEA
t}. vlEEro|Ee) sz ul$- Elgl Helo
Eetxzlo] Yepdtt. wjeba vlEke] 0.2 wt.% Nb
o] A/t ANEFZFHeolME Yol FAM=
twin} AR lath-lath AA7 32E 5 AS A
o= A7},

IY 5= 0.8 wt. %2 Nbel H7HE F93d 35
S BES AR2A o] Fae] vMERFE AY H]
5% 7HA S 2 MSE0] HaPsH vidso] e
lath-lath®] A7} #2= et 31 v)&ollA lath 73
Aol 2 ISl #AFNY]) wlF] o= lath
A7} Mzl o8l HAl EAsE W9 2
FAHog B 5 gt AYE Alolel 7hAoe] oF 12

Fig. 5. TEM micrographs of water quenched Zr-0.8Nb alloy;
(a) bright field image, (b) bright field image, and (c) SAD
pattern.
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Fig. 6. TEM micrographs of water quenched Zr-1.5Nb alloy;
(a) bright field image and (b} SAD pattern.
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Table 2. Summary of microstructure in Zr-xNb alloys with cooling rate

furnace cooled (0.1 C/s)

water quenched (1200 T/s)

« recrystallized large grain

» lath (massive)-martensite

(0001)a//(110)B
: smaliler width o between 3,
than 0.8Nb alloy

0.2Nb - twin related laths interface

+ lath (massive) -martensite
0.8Nb | * Widmanstéatten : lath-lath interface composed of

: parallel plate of o and B, many dislocations
(0001)a//(110)B <2113>, type dislocations
: inhomogeneous shear by slip
* Widmanstatten * plate (acicular)-martensite

1.5Nb : parallel plate of a and B, : mainly parallel twins

(1010) internal twins
{334} habit plane
: inhomogeneous shear
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