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ABSTRACT Bulk samples of Pb-50%DBi hypoeutectic and Pb-29.2%Bi peritectic alloy were under-
cooled up to 45 K(0.1171) and 117 K(0.23T1} respectively with fluxing technique by using silicone oil
as denucleating ageut. The microstructure and growth characteristics of £ intermetallic compound in
these two alloys were investigated. In Pb—50%Bi hypoeutectic alloy, £ phase grows in dendrite manner.
With the increase of undercooling, the refinement phenomenon occurs to € dendrite, whose first and
second dendrite arm spacings were reduced by almost an order of magnitude at the maximum under-
cooling. Meanwhile, surface nucleation of £ phase was found, and £ dendrites cross each other inside the
sample. In Pb—29.2%Bi peritectic alloy, £ phase grows around the coarse primary (Pb} in traditional
manner of peritectic transformation at small undercooling. However, the peritectic transformation is
suppressed and ¢ phase forms directly from liquid when undercooling attains 117 K. Calculations were
also carried out according to the current dendrite growth model and the classic nucleation theory in
orcder to shed further light on the growth kinetics of ¢ phase in Pb-50%B1 hypoeutectic alloy and the
phase selection in Pb—29.2%Bi peritectic alloy.
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Fig.1 The left part of Pb—Bi binary alloy phase diagram
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Fig.2 Microstructural morphologies of Pb—50%Bi alloy at
various undercoolings
(a) AT=2 K (b) AT=45 K, the surface of the
sample
{c) AT=45 K, the inner part of the sample
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Fig.3 Characteristic size of ¢ phase dendrites vs nunder-

cooling
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Table 1 Physical parameters of Pb—-530%Bi hypoeutectic alloy and Pb—29.2%Bi peritectic alloy used for calenlation

Alloy composition, Cp{mass fraction of Bi, %}
Equilibrinm partition coefficient, K.
Slope of liquidua line, my (K/%)
Characteristic length of diffusion, ag (m)
Hest of fusion, AH [J/m?)
Activation energy for diffusion, @(J/mol)
Thermal diffusion coefficient, cr. (m?/s)
Solid/liquid interfacial tension, o(J/m?)
Hvpercooling Limit, ATL{K)

Sound velocity, p{m/s)

£ (Pb) £
[primary phase} (peritectic phase)
50 29.2 20.2
0.423 0.57 0.66
—~3.67 -5.0 -2.95
710~ Tx10—? Tx10~°
4.10» 108 3.03x 108 3.18x 108
21L.286%10° 21,347 x 107 21.347 x 107
8.87x10¢ 9.40x10~% 9.19%10~9
0.062 0.059
249 247 245
2x 109 2% 10% 2x103
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Fig.4 Calculated results of £ phase dendrite growth
(a) growth velocity, and dendrite tip radius vs
undercooling
{b) partial undercoolings #5 bulk undercooling

BRI, FOIES AR A HSE T W e S
t, MHEHETRSRTNMHHAE. BE AT #it—EH
*, < AAEEES 2B, A TER A PR
% H5b R AT=117 K FayasER, SEMA8yE
e, 3H c HEWRH G, BAEFHEET. &
oy il LS A B E S A A KA. T
WA BHRA. 76X TrILES, X« i
EEWNRHPERY. BEFAS Pb-50%Bi TGS
Seh e A MAHRCF R BT B 2L

iR BRI —REHMESPERREE
k. SfostEgE TR TR EHR RS EE
PR EER B c HABHPEREERE (Pb) H
fl e HBPEERELHFER. RRAEZEHZSEER
ERSMERRERAY RAMES. BT H—5 0%
& S HX B S RASE R, 3 (Pb) &R
e EREML SR BEEEREICEERLS EH TR
B9 SREHERf LKT/BCT &4 K BT

B 5 Fb-20.2%Bi fdh &= TR ET a0 s am

Fig-5 Microstructural transition of undercooled Pb-29.2%Bi
peritectic alloy
(a) AT=5 K. etched by 5 mL CHzCOOQH|(glacial)+
5 ml HNO3+5 mL30%H202+12 ml HoO
(b) AT=11T K, etched by 2 mLHCL+18 mLH20
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Fig.8 Calculated nucleation rates of £ and (Pb) phases
(a} homogeneous nucleation rate va undercooling

(b), (¢} heterogeneous nucleation rate v# undercooling
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