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Abstract Appropriate thermo-mechanical properties of nickel-based superalloys are achieved by heat treatment, which
induces precipitation and solid solution hardening; thus, information on the temperature ranges of precipitation and dissolution
of the precipitates is essential for the determination of the heat treatment condition. In this study, thermal analyses of nickel-
based superalloys were performed by differential scanning calorimetry method under conditions of various heating rates of 5,
10, 20, or 40K/min in a temperature range of 298~1573K. Precipitation and dissolution temperatures were determined by
measuring peak temperatures, constructing trend lines, and extrapolating those lines to the zero heating rate to find the exact
temperature under isothermal condition. Determined temperatures for the precipitation reactions were 813, 952, and 1062K.
Determined onset, peak, and offset temperatures of the first dissolution reaction were 1302, 1388, and 1406K, respectively, and
those values of the second dissolution reaction were 1405, 1414, and 1462K. Determined solvus temperature was 1462K. The
study showed that it was possible to use a simple method to obtain accurate phase transition temperatures under isothermal

condition.
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Fig. 1. DSC thermal analysis graphs at a rate of 40K/min of AA1
specimen during (a) heating, and (b) cooling, and of AAS reference
specimen for comparison during (c) heating, and (d) cooling.
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Fig. 2. DSC thermal analysis graphs of AAl specimen obtained
during (a) heating, and (b) cooling at rates of 5, 10, 20, 40K/min.
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Table 1. Peak temperatures of exothermic and endothermic reactions in DSC graphs of AA1 specimen obtained at various rates during

heating and cooling.

heating cooling
heating or cooling rates (K/min) Tp1 (K) Tpy (K) Ts1 (K) Ts (K) Tss (K) Ty (K)
5 832 978 1385 1415 1392 1550
10 859 1002 1393 1423 1389 1546
20 864 1021 1390 1433 1386 1543
40 894 1056 1392 1445 1379 1536

Table 2. Onset and offset temperatures of the first endothermic and second endothermic peak of AA1 specimen during heating.

first endothermic peak

second endothermic peak

heating rates (K/min) onset temperature (K)

5 1333
10 1264
20 1298
40 1301

offset temperature (K)

1406
1412
1413
1421

1407
1413
1415
1428

onset temperature (K)

offset temperature (K)

1462
1473
1479
1493
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Fig. 3. DSC thermal analysis graph obtained during (a) heating and
(b) cooling of AA2 specimen at rates of 5, 10, 20, and 40K/min.
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Fig. 4. Change of peak temperature with a change of heating rate
of (a) AA1 and (b) AA2 specimens.
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Table 3. Peak temperatures of exothermic and endothermic reactions in DSC graphs of AA2 specimen obtained at various rates during

heating and cooling.

heating cooling
heating or cooling rates (K/min) Tp (K) Tps (K) Tps (K) Ts; (K) Tss (K) Tss (K) Ty (K)
5 820 945 1068 1389 1422 1393 1549
10 836 976 1079 1392 1429 1390 1546
20 849 984 1097 1396 1437 1386 1542
40 887 1005 1129 1398 1445 1379 1534

Table 4. Onset and offset temperatures of the first and second endothermic peaks of AA2 specimen during heating.

first endothermic peak

second endothermic peak

heating rates (K/min) onset temperature (K)

offset temperature (K)

onset temperature (K) offset temperature (K)

5 1234 1412 1413 1462
10 1295 1413 1414 1473
20 1303 1416 1420 1478
40 1313 1423 1431 1493
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Table 5. Determined phase transition temperatures under isothermal
condition during heating of AA1 and AA2 specimens.

specimen  Tp1 (K) T (K) T (K)  Tsi (K)  Ts (K)
AAl 833 973 - 1388 1414
AA2 813 952 1062 1389 1422
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Fig. 5. Change of peak temperature with a change of cooling rate
on (a) AA1 and (b) AA2 specimens.
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Table 6. Phase transition temperatures under isothermal condition
determined by extrapolation method during cooling of AAl and
AA2 specimen.

specimen Tss (K) T (K)
AAl 1393 1551
AA2 1395 1550
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