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Table 1 Analysis composition of DZ22 superalloy for DSC tests (v %)
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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Table 2 Phase transformation temperatures of DZ22 alloy measured by DSC with different heating and cooling rate (the average

value of the phase transformation temperature corresponding to the heating/cooling DSC curve is relatively fixed)

. Heatlnig, . Phase transformation temperature Heating Cooling Mean value
cooling rate/C -min

5 1357 1351 1354
10 Liquidus (melting end, mass solidification), 1358 1347 1353
20 /C 1369 1341 1355
40 - 1328 —
5 - 1356
10 - 1353

Liquidus, 71./C 1354
20 - 1353
40 - 1353
5 1343 1320 1332
10 1349 1316 1333

MC, Tmc/C

20 1355 1311 1333
40 - 1306 —
5 1272 1241 1257
10 1276 1240 1258

Solidus, Ts/'C
20 1280 1238 1259
40 - 1236 —
5 1256 1236 1246
10 _ ) 1260 1234 1247

Eutectic y+y’, Teu/C
20 1267 1232 1250
40 - 1230 -
5 - 1163 -
10 - 1160 -
Secondary y’, T,,/C

20 - 1154 -
40 - 1149 -




©534 -

GE AR R 547 %

2.2 HEEAIMEEEE DSC HEBE LR
TE i A 4 DSC R, 28 2338 2[5 143 10 &
S AE [RLRE R R 56 2 00T M HE R 1 4 %iﬂﬁ*%ﬂwﬁ
75, SEbr BT RESE BT AN R HURE ST A7 AE 2 21 2
o A5, fER—M DZ22 %ruﬁfse;sumitﬁ%mwaﬁ
RV o 43 S EUREE RIFE 10 °C/min FH. PR R Tk
17 DSC k%, 25318 4 k.
A LA B, HURESR AL B W52 DSC 45 4. Xt T[]
BERCA 16 4, B TR ol EORE S0 AN T s il S A AR
BT B R AT [R], B nT e RS AS A (1) DSC 2k .

TR T ) B [ 45 A DZ22 & 4 M AE A ) i i IR,
4 DSC Ikl £, Mg AE G, 50 R b BRI
FE (A A2 i T IR B 7 O o 0 A AR B vl 8 B 7
SN, LT 2R R A AR A, TR R MC
T A 0 5 Al B L T PR 3°C s T AT AR A Il
B [ AH e R0 p+y 3K 8 R AR P T T A 2 S I
T 178120 C (Kl 4a), F=/E TR KZESR . HEFEHAL
Xf DZ22 A4V HN I ZR AT AN RO £ R
MC BALYINT IR AFAE 1~2 CHfm %, e Ea
FEIIA LR . pry 3RS 0k o BT HR R RS 3 v B TR ()

1400 1360
B Heating @ b
~ooling Heatin;
@ Cooling ) 1350 : Coo;mg
O 1380} <
o (21340
g g £ 1330
2 1360} . £
é E 1320
o
2 1340} = a0k 5
1 1 1 1 1 1 1 ]300 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
1280 F I 1270} d 1168 o Cooling ©
r m  Heating ®  Heating
® Cooling o ® Cooling 1164
© 1270 ~21260 o
R ~ - 1160
g N
S 1260 & r
5 I g 1250 E 1156
glzso- ;&1240_ 51152
S i = £ 1148
1240\ \ K
. 1230 1144 F
300 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45 1140

DSC Heating, Cooling Rate/C -min”

Kl 3 DZzZ22 &4 DSC ARG

DSC Heating, Cooling Rate/C -min™'

0 5 10 15 20 25 30 35 40 45
DSC Heating, Cooling Rate/’Cmin”

55 T o i T 52 5% 2R ) A A ]

Fig.3 Extrapolation of phase transformation temperatures from DSC with different heating and cooling rates of DZ22 alloy: (a) liquidus,
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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 AT=Theat— Tecool
i Y=1354+0.63X Y=1354—0.64X
Liquidus, T,/'C ngnfigr/ﬁt.
= min Y=1354 Y=1354 1354 0
] Linear fit Y=1340+0.77X Y=1320—0.38X
MC, Tue/C X=0 C/min
Y=1340 Y=1320 133010 20
. ] Linear fit Y=1270+0.51X Y=1241—0.14X
Solidus, Ts/C —0 °C/mi
X=0 C/min Y=1270 Y=1241 1256+14.5 29
. c Linear fit Y=1253+0.73X Y=1236—0.16X
Eutectic y+y’, Tgw/C Y=0 C/mi
- min Y=1253 Y=1236 1245+8.5 17
, . Linear fit - Y=1164—0.39X
Secondary y’, T;,/'C Y=0 C /min ) Yo1164

*Y is temperature ('C), X is heating or cooling rate (‘C/min)
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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 y+y’ and secondary y’. 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 y+y’ 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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