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

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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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 um, (b) 45~53 pm, (c) 75~105 pm, (d) 105~150 pum, and (e) 150~355 pm
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Fig.2 Elemental mapping of PM625 alloy powders with different particle size range (EPMA): (a) <37 um and (b) 150~355 pm
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Fig.3 Synchrotron X-ray diffraction patterns of PM625 alloy powders with different particle size ranges (4=0.082 577 nm) and its

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

K2 TEKETEE PM625 5 &K DSC MiZLMETIEE

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

heating/cooling rate of 10°C/min (C)

15F \ s
1379°C | e ’
'”4f ~—— 1375 C
10F 1366 (,\
'/—’\Z’\\ 1375 C
[ 1326 C 1330 °C 05F 133?/: C Maslffsngﬁcation
1200 1240 1280 1320 1360 1400 1200 1250 1300 1350 1400
Temperature/ C Temperature/ C
B4 OR[FEPREESE R PM625 A3 A DSC 45 45t

Powder particle size/pm Temperature Heating Cooling Mean value

Liquidus (melting end/ mass solidification), 71/C 1379 1363 1371

Liquidus, 71/°C - 1375 1375

<37 Solidus, Ts/C 1330 1333 1332
Matrix melting, Tvm/C 1326 - -
Solidification end, Tsg/°C - 1270 -

Liquidus (melting end/ mass solidification), 7./C 1377 1369 1373

Liquidus, 71/C - 1375 1375

45~53 Solidus, Ts/C 1330 1339 1335
Matrix melting, Tymm/C 1326 - -
Solidification end, Tsg/°C - 1280 -

Liquidus (melting end/ mass solidification), 71/C 1378 1365 1372

Liquidus, 7T1/C - 1373 1373

75~105 Solidus, Ts/'C 1330 1338 1334
Matrix melting, Tym/C 1325 - -
Solidification end, Tsg/'C - 1285 -

Liquidus (melting end/ mass solidification), 71/°C 1379 1366 1373

Liquidus, 71/C - 1375 1375

105~150 Solidus, Ts/C 1328 1334 1330
Matrix melting, Tymm/C 1326 - -
Solidification end, Tsg/°C - 1270 -

Liquidus (melting end/ mass solidification), 71./°C 1379 1363 1371

150355 Liquidus, 71/C - 1374 1374

Solidus, Ts/'C 1327 1338 1333
Matrix melting, Tmm/C 1324 - -
Solidification end, Tsg/°C - 1275 -

Note: The end of solidification temperatures from cooling curves are reference value

3 & 18

EB AT L VRO 2t B2 TE W] R 5%, DSC BB T il 1L
FE A AN FDRLAR Ry A BT« VBUAR 2 LR TT IR I8 A B e
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128, BEARARMIE R, K EE S0 B E S, ki
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R e AR AT
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KZESA RN 3, 2 F1 2 °C. BRI R 28 K
[ AR B R E Z= 5 6 Fl 2 C

3) By AR A PM625 454 DSC ik h 2 [ A1 2k it i
DS ST AR B, RN A S TP AR T (25 2k
P35 52 CEAHZ R (DIA8 w7 AR/,
LHh 2~5 Co X1 DSC AHILk, WA EILE
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Influencing Factors of Differential Scanning Calorimetry (DSC) Analysis of Superalloy:
Particle Size and Microstructure

Zheng Liang', Liu Yufeng', Gorley Michael J **, Hong Zuliang®, Day Sarah *, Tang Chiu C *, Li Zhou ', Zhang Guoging'
(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 pm) 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 pm 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 y 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.
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