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Abstract: The transformation ratio of new phase in Cu-Ni-Si alloy was calculated in terms of analyzing the electrical
conductivity variations and the relationship between the electrical conductivity and the quantity of new phase. Both the
Avrami phase transformation kinetics equation and the electrical conductivity equation changing with the aging time
were derived at different temperatures, the transformation kinetics “S” curve was drawn. Then, though integral functions
of the reactive mechanism of thermal decomposition of solid solution, the Avrami formulation for describing the kinetics
of the phase transformation is proved to be correct. The precipitates are J-Ni,Si and $-Ni;Si phases by indexing the
selected field diffraction pattern of precipitates of Cu-Ni-Si alloy aging at 500 ‘C for 8 h.
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Table 1 Electrical conductivity and transformation ratio of precipitates of alloy aged at different temperatures
400 C 450 C 500 C
Time/min
o(IACS)/% 7] o(IACS)/% 7] o(IACS)/% 1]
0 15.5 0 15.5 0 15.5 0
15 21.0 0.466 1 25.5 0.5525 315 0.590 4
30 23.0 0.6356 27.5 0.602 2 33.6 0.667 9
60 24.0 0.720 3 28.9 0.740 3 37.4 0.808 1
120 25.5 0.847 5 30.1 0.806 6 38.7 0.856 1
240 26.5 0.9322 315 0.884 0 41.0 0.9410
360 27.0 0.974 6 32.7 0.950 3 41.7 0.966 8
480 27.3 1.00 33.6 1.00 42.6 1.00
R2 OGTEARRER R F b (i 0405 2
_ @ =1-exp(-0.25¢""" %) 7
Table 2 Values of n and b of alloy at different temperatures
Temperature/C n Inb b 500 Cirf
_ 0.423 4
400 0.5310 —1.880 0.1526 ¢ =1-exp(-0.275 2¢ ) (®)
450 04052 -138 02500 H5R(6). (DFIG)RAR Q)T %A 4 A
500 04234  -1290 02752 AT R
400 CHY,
0.7 o =15.5+11.81—exp(-0.152 6:°%1)] (9)
=— 400 °C -
051 450 CHY,
S 03 o =15.5+18.1[1—exp(—0.25:*4% )] (10)
| s
= 500 “CH,
= 01
- o =15.5+27.1[1-exp(-0.275 2:*4 4)] (11)
-0.1 . . )
2 Fios h thaX(6)~(B)E H i 5 BAE AR N 2%
-0.3 ' ' : W NS 5 “S” ek, MK 2 WTLIE H,
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Fig. 1 In(ln L) —In¢ curves of precipitates
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Fig. 2 Phase transformation kinetics curves of alloys at

different temperatures
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Table 3 Relation among integral kinetics functions,

corresponding reactive mechanisms and n''®

Function Reactive mechanism Slope, n
—In(1—¢p)=kt Nucleation and growth 1
o=kt Diffusion of one dimension ~ 0.58

oH(1-@)In(1-p)=kt  Diffusion of two dimensions  0.55

[1-(1-¢)"*P=kt  Diffusion of three dimensions  0.53

FIFZE 1 400 CHF LRI a] ¢ FEEAS LR o
YEH 2In[1-(1—-9) 15 In ¢ (SR, Wil 3 Pis, @
AR 0.86, 5 1 RBE, FF—IRKAE
T Cu-Ni-Si £ 4:1E 400 “C IR s N HLEE Ay 52 — 4
B IR S ST o

HE 2 40 [ Cu-Ni-Si &4 7E 400~500 C
IR 7 {EAE 0.4 5 0.53 2 0], FEBHRZERIm, W]
LK n 5 0.53 AHiT, #n] LLAA %2 Cu-Ni-Si
B G AE RN IR S5 S HLEE Ay 52 = S5 il (4 S AL
B, XU Avrami £850 77 FE ] DURLF HUHEER 75 42
(T H

0.5

=15}

2n[1~(1- )]
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Int
3 A4TE 400 CIRLIN 2n[1-(1—¢) 1T In ¢ 156 2R 25
Fig.3 2In[1—(1—¢)"*]—In ¢ diagram of alloy aged at 400 C
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Kl 4 Ffr7s A Cu-Ni-Si G475 500 ‘CHIRL 8 h 1k
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Fig.4 Morphologies and its indexing of diffraction patterns of precipitates of Cu-Ni-Si alloy: (a), (b) Bright-field images;

(c) Selected area diffraction pattern of precipitate in Fig.4(b); (d) Schematic diagram of selected area diffraction pattern
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2) i T HR AR HE T T S Cu-Ni-Si &
SAEIRI IR BE N AHAS B ) 2 0T R R R T, 1%
T AAE 450 CI RIS I ARAR ) ) 2 7 RERI T WL = Ty
20k g=1-exp(—0.25/4C ) FI 6=15.5+18.1 X
[1—exp(—0.25t"4 )],

3) [#AS Cu-Ni-Si 54 7E 400~500 CH &I 52
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ST SRR

4) Cu-Ni-Si #5445 500 CHI % 8 h J& (HdfT HAH A
5-Ni,Si F1 -Ni;Si.
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