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Table 1  Analysis composition of 625 alloy powder for DSC experiment (ω/%) 

Alloy C Cr Mo Nb Al Ti Ni 

PM625 <0.002 21.14 8.94 3.66 <0.02 <0.01 Bal. 
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É 1  \#]z PM625K���LMavÊopº]z�~���aËÌ 

Fig.1  Surface morphology of PM625 alloy powders with different diameters (a~e) and the relationship between particle size and dendritic 

arm spacing (f): (a) < 37 µm, (b) 45~53 µm, (c) 75~105 µm, (d) 105~150 µm, and (e) 150~355 µm  
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É 2  \#]z PM625��LM¾ÍaqrÊXsÉ�Bijk�  

Fig.2  Elemental mapping of PM625 alloy powders with different particle size range (EPMA): (a) < 37 µm and (b) 150~355 µm 

 

 

 

 

 

 

 

 

 

 

É 3  \#]^�� PM625LMa#$%& X&mn&@xºÎÏÉ 

Fig.3  Synchrotron X-ray diffraction patterns of PM625 alloy powders with different particle size ranges (λ=0.082 577 nm) and its  

equipment 
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É 4  \#]^�� PM625LMa DSC@x 

Fig.4  DSC curves of PM625 alloy powders with different particle size ranges: (a) heating and (b) cooling 

  

� 2  ������ PM625 ��	
 DSC ������� 

Table 2  Phase transformation temperatures of PM625 alloy powders with different particle size ranges measured by DSC at  

heating/cooling rate of 10�

��

�/min (�

��

�) 

Powder particle size/µm Temperature Heating Cooling Mean value 

Liquidus (melting end/ mass solidification), T

L

/¤ 1379 1363 1371 

Liquidus, T

L

/¤ - 1375 1375 

Solidus, T

S

/¤ 1330 1333 1332 

Matrix melting, T

MM

/¤ 1326 - - 

<37 

Solidification end, T

SE

/¤ - 1270 - 

Liquidus (melting end/ mass solidification), T

L

/¤ 1377 1369 1373 

Liquidus, T

L

/¤ - 1375 1375 

Solidus, T

S

/¤ 1330 1339 1335 

Matrix melting, T

MM

/¤ 1326 - - 

45~53 

Solidification end, T

SE

/¤ - 1280 - 

Liquidus (melting end/ mass solidification), T

L

/¤ 1378 1365 1372 

Liquidus, T

L

/¤ - 1373 1373 

Solidus, T

S

/¤ 1330 1338 1334 

Matrix melting, T

MM

/¤ 1325 - - 

75~105  

Solidification end, T

SE

/¤ - 1285 - 

Liquidus (melting end/ mass solidification), T

L

/¤ 1379 1366 1373 

Liquidus, T

L

/¤ - 1375 1375 

Solidus, T

S

/¤ 1328 1334 1330 

Matrix melting, T

MM

/¤ 1326 - - 

105~150  

Solidification end, T

SE

/¤ - 1270 - 

Liquidus (melting end/ mass solidification), T

L

/¤ 1379 1363 1371 

Liquidus, T

L

/¤ - 1374 1374 

Solidus, T

S

/¤ 1327 1338 1333 

150~355  

Matrix melting, T

MM

/¤ 1324 - - 

 Solidification end, T

SE

/¤ - 1275 - 

Note: The end of solidification temperatures from cooling curves are reference value 
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� 5\                       � C] ŴXY�_`abcdefgDSChijklm: nopqrstuv             �1597� 

 

Influencing Factors of Differential Scanning Calorimetry (DSC) Analysis of Superalloy: 

Particle Size and Microstructure 

 

Zheng Liang

1

, Liu Yufeng

1

, Gorley Michael J 

2,3

, Hong Zuliang

3

, Day Sarah 

4

, Tang Chiu C 

4

, Li Zhou 

1

, Zhang Guoqing

1

 

(1. Science and Technology on Advanced High Temperature structural Materials Laboratory 

Beijing Institute of Aeronautical Materials, Beijing 100095, China) 

(2. Culham Centre for Fusion Energy, Culham Science Centre, Oxford OX14 3DB, UK) 

 (3. Department of Materials, University of Oxford, Begbroke Science Park, Oxford OX5 1PF, UK) 

(4. Diamond Light Source, Harwell Science and Innovation Campus, Oxford OX11 0DE, UK) 

 

Abstract: Differential scanning calorimeter (DSC) experiments were performed on a solid-solution strengthening Ni-base superalloy 625, 

considering the effects of powder particle size (<37, 45~53, 75~105, 105~150, 150~355 µm) and microstructure on the phase 

transformation temperature. The alloy powders were characterized by FESEM, EPMA and synchrotron XRD. The results indicate that the 

dendritic structure is evident in powders with different particle sizes and the dendritic arm spacing is in the 2~10 µm range. Elements Ni 

and Cr are rich in dendritic core whereas the Mo and Nb tend to be distributed in the interdendritic region. Only the matrix γ phase exists in 

the PM625 powders with different particle size ranges. The PM625 powders with weak segregation tendency exhibit a sharp inflection 

point in DSC heating curves in the region near solidus temperature, and there is only a 2~5 °C gap between the incipient melting 

temperature of the alloy (deviation from the baseline inflection point) and the nominal solidus temperature (tangent-onset intersection) for 

different particle sizes. However, the gaps between the nominal solidus and the end of the solidification temperatures are relatively large, 

which is in 53~65 °C range, in DSC cooling curves, because the low segregation characteristic of original powders has been removed 

during the full remelting and re-solidified process. The differences in solidus, liquidus and incipient melting temperatures in DSC heating 

curves are maximum 3, 2 and 2 °C, respectively among different particle size powders, whereas they are 6 and 2 °C for the solidus and 

liquidus temperatures of the alloys in the cooling curves, respectively. Therefore, the particle size has minor effect on phase transformation 

temperature of solid-solution strengthening PM625 alloy powder.  

Key words: Ni-base superalloy 625; differential scanning calorimeter (DSC); synchrotron XRD; powder particle size; phase 

transformation 

 

Corresponding author: Zheng Liang, Ph. D., Senior Engineer, Science and Technology on Advanced High Temperature Structural Materials 

Laboratory, Beijing Institute of Aeronautical Materials, Beijing 100095, P. R. China, Tel: 0086-10-62498268, E-mail: 

liang_zheng@126.com 


