BEHRIw LT v A4 P EROBIIFITE

FE Aoy e - PP Bt

Thermodynamical Study of the Thermoelastic Martensitic Transformations
Norihiko NAKANISHI

Thermodynamical study of the order-disorder and the thermoelastic martensitic transformations was made in
Au-Cu-Zngs and Au-Ag-Cdg7 s pseudobinary alloys, and thermodynamic properties of these alloys were compared
with those of ferrous martensite.

Characteristics of phase relations obtained in these alloys are as follows: (1) There exist a disordered bee phase
(8) at higher temperatures, followed by a CsCl-type ordered phase (81) and Heusler-type ordered phases, AuyCuyZn,
and AuqAg;Cdy (H), and finally at lower temperatures a martensite phase holding the CsCl- or Heusler-type atomic
arrangement, depending upon a different cooling rate from the g phase region. (2) Both the transition temperatures
of the H-phase (T¢) and the martensite phase (Ty) exhibit some interesting curves against Cu or Ag content. (3) As
a premonitory feature for the martensitic transition, softening of the shear constant C’ = (Cy1-C,)/2, e.g. dC'/dT
> 0 is observed above Mg.

Thq changes in enthalphy (AH) and in entropy (AS) associated with disordering of the Heusler arrangement
and with the martensitic transitions were measured. Also, the driving force at Mg and the elastic strain energy were

calculated thermodynamically.
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Fig. 1 Schematic representation of ¢ and FY
vs. temperature for an iron-base alloy
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Fig. 2 Chemical free energy change accompany-
ing the martensitic transformation in the Fe-
Ni system.
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Fig. 3 The effect of temperature (or composi-
tion)on the driving force at Mg for Fe-C and
Fe-Ni alloys.
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Table 1
Typical thermodynamic data of martensitic transformations
Alloy  AHpPH 1,(K) asP-M A gy P ATp=Ap-My
(3/mol) (J/mo1.K}  (J/mol) (x)

AuCd 262-410 330=350  0.837+0.418 8.3724.18 20
368-444 266-363  1.2640.418

AuCuZn  502-7T11 0-275  3.14£1.05 16.744.18 10-50
CuAl 167-272 300-800  0.335x0.0837 20.9£8.37 40
CuZn 314 0-300 1.05 12.6 48
Ti-alloys 209-251

Fe-C 5.86 628-1880

Pe-Ni  2510-2930 200400
Fe-Cr 293-1460
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Fig. 4 Phase diagram of the AuCuZn and the
AuAgCd alloys.
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Fig. 5 Differential thermal analysis of the
AuyCusgs.xZngg alloys.
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Fig. 6 (a) Disordering reaction
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Fig. 6 (b) Thermal changes associated with
Martensitic transformation
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ed structure.
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Table 2

Enthalpy and entropy values of the transformations
(Units: J/mol and J/mol-K)

Martensitic transformation Disordering reaction

Quenched Slowly cooled Slowly cooled
Ag % Alim  MHg*  ASm AHm  AHg* ASm Te AH  ASex ASth
10 189 19.6 0.81| 318 12.5 1.23 0.644
20 198 15.5 1.05| 203 16.3 1.05 | 508 | 747 1.47 1.63
23 139 0.4 0.83| 201 11.3 1.15 | 510 [1015 1.99 2.08
26.25) 162 1.1 1.06 | 168 7.5 1.08 | 506 2.90
28 154 3.7 1.00) 176 5.9 1.11 {500 | 870 1.74 2.38
30 184 0.0 1.34] 157 15.0 1.05 { 494 | 662 1.34 2.00
35 227 0.0 1..91| 113 0.66 | 496 | 645 1.30 1.33
40 131 0.0 1.02 | 175 11.3 1.22 | 492 | 438 0.89 0.849
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Table 3
Martensitic Transformation Temperatures
(K) of Aug, 5 A.Cdyy g
Heat treatment conditions
Ag % Quenched Slowly cooled
Ms  Mf As Af To Ms Mf As Af To

10 233 224 232 241 233 256 252 259 263 258
20 188 184 190 195 189 193 188 195 199 194
23 163 156 170 174 167 174 169 176 182 175
26.25| 152 148 154 159 153 153 146 157 163 155
28 152 146 155 161 154 | 158 149 157 169 158
30 133 126 141 149 137 151 140 147 159 149
35 117 105 121 127 119 173 161 171 181 172
40 126 118 130 140 128 140 135 147 151 144
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ciated with martensitic transformation in
AuAg,.Cdg7 5 alloys.
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Table 4
Calculated driving and strain energies,
(Units: J/mol).

Quenched Slowly cooled

Ag %4
g % AT Agel Agch AT Agel Agch
10 17 7.1 4.6 {12 7.1 15.0
20 11 5.9 12.1 111 5.4 10.9
23 18 7.5 15.0 13 7.5 15.5
26.25 | 11 5.9 11.7 {17 9.2 18.0
28 15 7.5 15.0 20 12.1 24.2
30 23 15.5 30.9 |19 10.5 20.9
35 22 10.9 21.3 (20 6.3 13.0
40 22 11.3 22.2 |16 10.0 20.1
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