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 1  DSC!"# DZ22$%&�'�()� 

Table 1  Analysis composition of DZ22 superalloy for DSC tests (ω%) 

Cr W Co Al Ti Nb Hf Zr C B Ni 

8.61 12.55 9.93 5.21 1.98 1.06 1.96 0.078 0.14 0.026 Bal. 
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 1  ���� DZ22������������� 

Fig.1  As-cast microstructure of directionally solidified Ni-base  

superalloy DZ22 
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 2  �� DZ22��� 5, 10, 20 and 40�/min  !�"#$

� DSC%& 

Fig.2  DSC curves of as-cast DZ22 superalloy at heating/cooling 

rates of 5, 10, 20 and 40 �/min: (a) heating and (b) cooling 
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Table 2  Phase transformation temperatures of DZ22 alloy measured by DSC with different heating and cooling rate�
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Fig.3  Extrapolation of phase transformation temperatures from DSC with different heating and cooling rates of DZ22 alloy: (a) liquidus, 

(b) MC carbide, (c) solidus, (d) eutectic γ+γ′, and (e) secondary γ′ 
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Table 3  Extrapolation results of phase transformation temperatures from DSC with different heating and cooling rates of DZ22 alloy 

Phase transformation temperature Heating Cooling Mean value ∆T=T
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Fig.4  DSC curves of samples cut from top and bottom of the 

same DS DZ22 testing bar: (a) heating and (b) cooling 
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Fig.5  As-cast microstructures of directionally solidified DZ22 alloys with different sampling positions: (a,c) bottom of the test bar (fine 

dendrites and eutectic); (b, d) top of the test bar (coarser dendrites and eutectic) 
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Influencing Factors on Differential Scanning Calorimetry (DSC) Analysis of Superalloy: 

Heating/Cooling Rate and Sampling Position 

 

Zheng Liang, Xu Wenyong, Liu Na, Liu Yang, Li Zhou, Xiao Chengbo, Zhang Guoqing 

(Science and Technology on Advanced High Temperature Structural Materials Laboratory,  

Beijing Institute of Aeronautical Materials, Beijing 100095, China) 

 

Abstract: The differential scanning calorimetry (DSC) tests with different heating/cooling rates in the range of 5~40 °C/min were performed on 

a directionally solidified (DS) Ni-base superalloy DZ22. The near equilibrium transformation temperatures (zero-heating/cooling rate) of the 

alloy were obtained by linear extrapolating the different heating/cooling rates or averaging specific peak temperatures of both heating and 

cooling DSC curves. The DSC tests with 10 °C/min heating/cooling rate were carried out on samples cut from different positions of DS testing 

bar. The results indicate that the heating and cooling rate has effect on the DSC results, including the phase transformation temperatures of 

liquidus, MC carbides, solidus, eutectic γ+γ′ and secondary γ′. As the heating and cooling rate increases, the peak of transformation temperature 

on the heating DSC curve shifts to high temperature direction, whereas the cooling curve tends to deviate to lower temperature. The peak height 

increases with the heating/cooling rate increasing. However, the average values of heating and cooling curves corresponding to the phase 

transformation temperature points are consistent. Except liquidus, the equilibrium transformation temperatures of alloy acquired by linear 

extrapolating the different heating/cooling rates will result in some differences for the result, whereas to average specific peak temperature of 

both heating and cooling DSC curves is an effective method to determine the near equilibrium phase transformation temperatures of superalloys. 

In addition, the sampling position also has obvious effect on the eutectic γ+γ′ dissolving and solidus temperatures of heating DSC curve in 

relatively low temperature range. There is a 17 °C and 20 °C gap for eutectic and solidus temperatures, respectively between samples cut from 

the top and bottom part of the same directionally solidified test bar due to the micro-segregation and microstructure difference. However, this 

difference is absent in liquidus and MC carbides dissolving temperatures in high temperature range. Upon cooling, the sampling position has 

minor effect on phase transformation temperature of DSC curve because the similar microstructure of the different sampling parts of the alloy 

formed in the following solidification cooling process after heating to a full liquid state and phase transformation temperature tends to be 

consistent. For a superalloy with the same composition, the DSC test results are only meaningful as the microstructure of the sample is similar.  

Key words: Ni-base superalloy; DSC; heating/cooling rate; sampling position; DZ22; phase transformation; microstructure 
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