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Table 1 Analyzed composition of 625 alloy for DSC test (o/%)

No. State C Cr Mo Nb Al Ti Ni
1 Powder <0.002 21.14 8.94 3.66 <0.02 <0.01 Bal.
2 HIPed <0.005 21.20 8.96 3.28 <0.20 <0.20 Bal.
3 As-cast 0.02 21.67 8.93 3.68 <0.2 <0.1 Bal.
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Fig.2 Microstructures of HIPed 625 alloy: (a) equiaxed fine grain and (b) grain boundary

CP Level Al Level ¢ Level
1108

20 pm 20 pm Ave ave
Ti Level

20 pm 20 pm
Nb Level
10

20 pm 20 pm

B3 AR RS 625 G MIc R (T3
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Fig.4 DSC curves of HIPed 625 alloy with different heating/

cooling rates: (a) heating and (b) cooling
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Table 2 Phase transformation temperatures of HIPed 625 alloy measured by DSC at heating/cooling rate of 5 and 10 C/min

Heat, cooling rate/"C -min' Phase transformation temperature Heating Cooling Mean value

Liquidus (melting end/ mass solidification), 71./C 1381 1370 1376

Liquidus, 71./C - 1375 1375

5 Solidus (tangent-onset), Ts/C 1335 1348 1342
Matrix melting, Tyvw/C 1330 - -
Solidification end, Tsg/C - 1265 -

Liquidus (melting end/ mass solidification), 71/C 1385 1363 1374

Liquidus, T1./C - 1375 1375

10 Solidus (tangent-onset), Ts/C 1336 1330 1332
Matrix melting, Tyvwm/C 1330 - -
Solidification end, Tsg/C - 1246 -

Note: the end of solidification temperatures from cooling curves are reference value
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Fig.6 DSC curves of as-cast 625 alloy with different heating/cooling rates: (a) heating and (b) cooling
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Table 3 Phase transformation temperatures of as-cast 625 alloy measured by DSC at heating/cooling rate of 5 and 10 'C/min

Heat, cooling rate/’C -min' Phase transformation temperature Heating Cooling Mean value
Liquidus (melting end/ mass solidification), 7./C 1375 1366 1371
Liquidus, 71/C - 1371 1371
5 Solidus (tangent-onset), Ts/C 1333 1340 1336
Matrix melting, Tvm/C 1285 - -
Solidification end, Tsg/C - 1250 -
Liquidus (melting end/ mass solidification), 71/C 1379 1362 1371
Liquidus, 71./C - 1371 1371
10 Solidus (tangent-onset), Ts/°C 1337 1330 1334
Matrix melting, Tvm/C 1285 - -
Solidification end, Tsg/'C - 1240 -
Note: the end of solidification temperatures from cooling curves are reference value
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Fig.7 DSC curves of 625 alloy in powder, HIPed and as-cast state: (a) heating and (b) cooling
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Table 4 Phase transformation temperatures of 625 alloys in powder, HIPed and as-cast state measured by DSC

at heating/cooling rate of 10 ‘C/min

Sample state Phase transformation temperature Heating Cooling Mean value
Liquidus (melting end/mass solidification), 71/C 1378 1365 1372
Liquidus, 71/C 1374 1374
Powder (0~355 um) Solidus (tangent-onset), Ts/C 1329 1336 1333
Matrix melting, Tvm/C 1325
Solidification end, Tsg/'C 1276
Liquidus (melting end/ mass solidification), 71/°C 1385 1363 1374
Liquidus, 71./C 1375 1375
HIPed 625 Solidus (tangent-onset), Ts/C 1336 1330 1332
Matrix melting, Tyvm/C 1330
Solidification end, Tsg/C 1246
Liquidus (melting end/ mass solidification), 71/C 1379 1362 1371
Liquidus, 71./C 1371 1371
As-cast 625 Solidus (tangent-onset), Ts/C 1337 1330 1334
Matrix melting, Tvm/C 1285
Solidification end, Tsg/'C 1240
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Table S Relationship between phase transformation temperature near the solidus region of DSC curves and microstructural

characteristics of 625 alloys in different states (heating/cooling rate 10 C/min)

Sample state Temperature and DSC curve shape Heating Cooling
Solidus (tangent-onset), Ts/C 1329 1336
Matrix melting, Tvm/C 1325 - Dendritic arm spacing 2~10 um
Powder (0~355 pm)©*” Solidification end, Tsg/'C - 1276
AT/C 4 60
Radian near solidus region Sharp Large radian
Solidus (tangent-onset), 7s/C 1336 1330
Matrix melting, Tvm/C 1330 - Grain size 14.5 um
HIPed Solidification end, Tsg/'C - 1246
AT/C 6 84
Radian near solidus region Sharp Large radian
Solidus (tangent-onset), 7s/C 1337 1330
Matrix melting, T/ 1285 i DendriC:ir:i:rrsriZSi)ZfiigT% um
As-cast Solidification end, Tsg/C - 1240
AT/C 52 90

Radian near solidus region

Large radian

Large radian

AT: the difference between nominal solidus and matrix melting temperature or nominal solidus and solidification end temperature
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Influencing Factors of Differential Scanning Calorimetry (DSC) Analysis
of Superalloy: Alloy State and Heating/Cooling Rate

Zheng Liang, Liu Yufeng, Liu Yang, Wang Yue, Zhang Yibo, Liu Na,
Xu Wenyong, Yuan Hua, Li Zhou, Zhang Guoqing
(Science and Technology on Advanced High Temperature Structural Materials Laboratory

Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: Differential scanning calorimeter (DSC) tests were performed on solid-solution strengthening Ni-base superalloy 625,
considering the effects of the alloy state (powder, HIPed and as-cast) and heating/cooling rate (5, 10 °C/min) on the phase transformation
temperatures. The alloys in different states were characterized by FESEM and EPMA. The results indicate that (1) the dendritic arm
spacing of the as-cast alloy is 2 orders of magnitude higher than that of the 625 alloy powders, whereas the hot isostatic pressed (HIPed)
alloys possess a fine equiaxed grain structure without dendritic segregation. (2) The heating/cooling rates have no significant influence on
the onset of matrix melting (equal to the incipient melting temperature for the solid-solution strengthening superalloy) and onset of
solidification temperatures (inflection point), but have an obvious effect on the melting end, matrix mass solidification temperatures (peak
position) and solidification end temperature (inflection point) of the alloy. The method of average phase transformation temperature on
heating and cooling curve can reduce the influence of DSC test or sample conditions and obtain a relatively fixed and comparable phase
transformation temperature. (3) The alloy state has obvious effect on incipient melting temperature and the arc shape near solidus
temperature of DSC heating curve. The segregation tendency of the alloy can be determined by the radian near the solidus region of DSC
heating curve. The powders and HIPed 625 alloys with weak segregation tendency exhibit a sharp inflection point in DSC heating curves in
the region near solidus temperature; there is only a 5~6 °C gap between the onset of matrix melting temperature of the alloy (deviation
from the baseline inflection point) and the nominal solidus temperature (tangent-onset intersection). The DSC heating curve of the as-cast
625 alloy with a high segregation tendency exhibit a larger radian near the solidus region, and the difference between the onset of matrix
melting temperature and the nominal solidus temperature (tangent-onset intersection) can reach 52 °C. The onset of matrix melting
temperatures of as-cast 625 alloys are 45 °C and 40 °C lower than that of the HIPed and powder 625 alloy, respectively. The parameter of
the process such as HT or HIP should be selected concerning the effect of the alloy state with large radian near solidus region of DSC
heating curve on decreasing the incipient melting temperature. The DSC cooling curves for the different states of 625 alloys are similar,
which all possess a large radian near the solidus region, because the alloys are completely remelted which eliminates the original
microstructure features and re-solidified from the full liquid state.

Key words: Ni-base superalloy; alloy 625; DSC; powder; HIP; as-cast microstructure; segregation
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