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ABSTRACT  Rapidly solidified ribbons(30-120 gm in thickness} of Ni-Al alloys with 25%—
74%Ni(atomic fraction) were obtained by melt spinning, The phases in as—quenched samples are
quantitatively analyzed by X-ray diffraction (XRD) K-value method. The results indicate that the
phases in the rapidly solidified samples differ significantly from those in the conventional cast mgots.
In rapidly solidified alloys the amount of phases with lower liquidus temperature is larger than that
in conventional solidified alloys. The amount of constitutive phases varies also with cooling rate for
the same alloy. By using nucleation theory and dendrite growth maodel of rapid solidification alloy, the
experimental results were analysed and it is shown that the phase with higher liquidus temperature
is the primary phase, while the growth velocity of phase with lower liquidus temperature is larger
than that with higher iquidus temperature. The deferences of cooling rate and of the growth velocity
between the competing phases are the main factors resulting in the change in the constitutive phases,
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Table 1 Quantitative phase analysis of alloy under different solidificaton conditjons
(1nass fraction,t%)
Alloy Melting point. K Samples Cooling rate, K/s  a-Al  NiAl}  NizAIR*  NiAl*T Nigal
Nigzs Alrs 1373 Eynilibrium 1M
As cast 10 1L ER g
Ribthon (100 pm) 1.3x10% € 5l 14
Ribbon {80 pm 16.a 10" 3 = 19
Rikhon {43 pm) a1«10v 3 b 22
Nisy sAlsa s 1613 equtlibrium AR 52
As cast 10 3 7 fudet i
Ribbon (10D gm] 1.7 10" 2 10 X1 4
Ribbon (70 pm| a1 m 1 A 2t 4
Ribbon {4f gl Jum a1 1 E 59 2
NizgAlgy 1843 Equiltbrium 100
As cast 10 iy Y4 11
Ribbon (110 pm} 19- 109 1 HK E
Kibbun (80 pin) 2.4-10% 5 549 B
Ribhon (40 pra} 6.5x10°% 6 HiI 3
MNizpAlzp 1680 Equilibrium 14 Bo
As cast 10 54 44
Ribben (100 gm) 4% 10" 27 73
Ribbaon (80 gin) 2 B0t 24 T
Ribbon (40 pm) 5.9% 10% 16 54
Nirz2Alr s 1694 Egnilibrium 5 a4
As cast 10 3 62
Ribbon 120 pm) 1.9« 1u° 23 TH
Ribbion (B0 pnl 2.9- 10° 21 79
Ribbon {45 pm) 5.2 ~ 10" 13 u7
NizafAlag 16658 Equilibrium 100
As cast 1 25 75
Ribbon (65 jan) 32 lo% 10
Ribbon (30 gan) 5.5 104 9 a1

=—Including metastable NizAlp phase with stmular structure te stable NiAl, phase:

w»—Including decagonal quasicrystal 2-NiAl phase with similar structnre to stable NigAl, phase:

» « »—Martensite phase transformed from NiAl phase
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Table 2 Thermophysical parameters used in the calculation of nucleation and growth of compounds ju Ni-Al allovs

Parameter spectfication

NiAls NisAlq MNiAl NizAl References
A8, J/(mal K} 13,98 14.13 13.486 13.9
L. J/mol 16000 16000 16000 16000 (8]
Cp1, I/ (mol-K) 40 40 40 40} i8]
ar,. Thermal diffusivity, 10~9m?/s 5 3 5 5 (8]
Equilibrium partition coefficient ke, 134 1.27 1.3* f0.79%* 0.81
a: Atomic jump distance, 107% m 1 1 1 1 [EX
Tin: Melting point, K 1158 1408 1913 1660
a: Structure factar 0.6 0.52 .87 071
om: Molar surface energy, J/mol 9568 8322 14920 11360
da: Average atomic diameter, 107! m 2.44 24 2 vl 2.231
I Gibbs-Thompson coeffictent m-k 2mel1d~7 2.8:10°7 28~ 1077 28107
p: Solid Density, gfcm® 3.u5 1.79 5.86 7.5
me: Slope of equilibrium liquidus, K/at % 10 14.5 45* /-T.57* -4.1
N, Number of potent heterogeneous 5x 1018 5x10M 5= 1018 5. 1018 [8]

nucleation site of liquid, cm >

Note: No.l The selected valie without noting source are from calculation

x—referring to the NiAl in Al-riched

allay: *x—referring to NiAl in N1 niched alloy. No.2 There 15 nn enough experimental data on undercoaled

melt, the selected values of parameters. such as specific heat, thermal diffnsrvity and Gibbs—Thompson
coeffictent etc., are treated as the same either in Al riched allay ur in Ni riched alley. No.3. The deference

of fusion heat of compound phases is negligible, thus the selected values are identical-
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Table 3 Effective alloy concentration (1n equation 2)

Alluvs
Midly NioAly NiAl Niz Al
NiagAlrs 10t 0%
Niy: s Alss = nait LuE* D.77
MezaAlas 0.45* 1.0* LLER
Nirp Al 0.87 0.90*
Nizz 28la7 4 0 =5 0.95*
Nizahlay u 83 U y*

hy
=]

Growth rata, m/s
(5]

Note: Referring to the concentration ratin at the tempera-
ture at which Jiquidus or metascable hyudus intersects
alloy composition line and withoul taking arcount of

the composition change in hquid.
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