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Table 1 Chemical composition of the tested superalloy powders (/%)

Alloy Cr Mo Nb Ti Al o Fe Ni
GH4169 18.7 3.0 5.3 1.0 0.6 0.04 18.8 Bal.
K418 125 4.3 2.1 0.7 6.0 0.11 - Bal.
GH4169+K418 15.6 3.65 3.7 0.85 3.3 0.075 8.9 Bal.
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Table 2 Max service temperatures and applied position of the selected superalloys
Alloy Max service temperature/'C Suitable applied position in the integral blisk
GHA4169 650 Disk hub
GH4169+K418 - Transition zone between disk hub and rim
K418 900 Disk rim
K418+DZz4125 - Transition zone between disk rim and blade
Dz4125 1050 Blade
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Table 3 Specific phase change temperatures of the selected superalloys (C)
- . Liquidus and solidus MC carbide onset
Alloy Method Liquidus Solidus range (AT) y' onset temperature temperature
GH4169 1360.2 1212.3 147.9 907.3 1268.4
K418 JMatPro 1353.9 1321.9 32.0 1183.3 1327.3
GH4169+K418 1365.5 1293.1 724 1039.7 1318.6
GH4169 powder 1328 1200 128 - 1273
DsSC
K418 powder 1341 1290 51 - -
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Fig.5 Surface morphologies of the superalloy powders: (a~c) GH4169; (d~f) K418; (a, d) spherical powder, (b, e) satellite-like powder,

(c) wrapped powder, and (f) irregular powder
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Fig.6 BSE images of cross section microstructures (a, ¢) and EPMA elemental mappings (b, d) of the superalloy powders: (a, b) GH4169;
(c, d) K418
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Table 4 EPMA results of element concentration of dendritic core and interdendritic region of the superalloy powders (/%)

Alloy powder Position Al Ti Cr Zr Mo Ni Nb Fe
0.538 0.873 20.443 - 2.481 52.639 2.955 19.156
Dendritic core
0.513 0.831 20.278 - 2.556 53.266 2.436 19.225
GH4169
0.499 1.431 19.349 - 3.186 50.704 7.807 16.862
Interdendritic zone
0.477 1.315 19.694 - 2.871 51.361 6.038 17.637
5.546 0.715 12.533 - 3.785 74.75 1.11 -
Dendritic core
5.872 0.74 12.76 0.02 3.664 74.7 1.167 -
K418

5.75 1.357 13.946 0.427 5.534 68.334 3.712 -
Interdendritic zone
5.499 1.212 13.901 0.505 5.492 68.534 3.067 -

TR 99 10 T R 45 Niv Cr. Fe Al Al, GH4169 2.4 SLISA SRS &M KR A0RE ki

FI K418 £ G0 A HH 1) 0 3 AT 28 B 5 DA 0 1 5 1% K BOEREE A7 GHA169 Fil K418 i A
WEmEASSMAU PN, HEASMASEHEBES SN RORESME 8 fix, ATUEH, 2 e
SR R 2 —TE TR AR b AT B BRI ZE AN ORI FE 28 B IE A i o Horh GH4169 &4
PR SR EVE I Y, B LGS SR EE N 1~2 By AR Daos Dso Al Do 43 24 57.2. 79.1 A1 109.4 pm,
MR, ik BRI A 1 K418 £ &4 RS2, Dios Dso A1 Doo 73] 4y 47.6. 67.8

& o
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Fig.7 Elemental segregation coefficient (k) of the superalloy
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powders Fig.8 Particle size distribution of the superalloy powders (by
laser diffraction analysis): (a) GH4169 and (b) K418
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Table 5 Particle size and shape of the superalloy powders measured by different methods
Particle size/um Particle shape
Alloy powder Method
D1o Dso Dgo SPHT b/l
Laser diffraction analysis 57.2 79.1 109.4 - -
GH4169
Dynamic image analysis 59.2 76.2 103.8 0.91 0.87
Laser diffraction analysis 47.6 67.8 96.1 - -
K418
Dynamic image analysis 47.0 65.6 80.7 0.90 0.86
*6 TRARESEMRINMEMLRE
Table 6 Physical properties of the superalloy powders
Alloy . 3 . 3 Theoretical Sl o Flowability/
powder Apparent density/g €m Tap density/g €m density/g cm™® Compressibility/% s {50 g)"
GH4169 4.13 4.89 8.24 15.5 20.35
K418 4.19 4.83 7.95 13.3 18.52

A1 Dgo 4351 9 47.0. 65.6 A1 80.7 um, 56K ALK
ML R Bn . A ERHridiBr 7 mT LA & kL
JE 53 A, 36 w] LA SR [R] B SR AE Ky K BRI TE S . SPHT
B FH SR RAE BRI BRI FE (S) , SPHT ¥fiidli gz 1,
FoRERIE AT . MR 5 BT 0, LI H GH4169

Al K418 ¥ A1 SPHT {E 437124 0.91 A1 0.90(35°4 3 Ik
W& 1) FBME), R RKBRGRIFWIRT . B2k
SPHT L4, K/AzREL (b/l, S0kL %5 %5 B A K B
MECAED 4% 3 R RAEM R ITES, %S 800 1
SR A SR F R R IR, GHA169 Il K418 &4
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4) GH4169 Fl K418 & il & &4 A B A M I A
RERE . PRI LRI M, A B FNR ST B 43l
LN A GBS B E I 50%M1 60%, [F] i K 45 B AF
13.3%~15.5% 0 [# , H H G 8 4 197 3 % (18.5~
204s{50 ) .

EE R
[1] Sims C T, Stoloff N S, Hagel W C. Superalloys I1[M]. New-

References

York: Wiley-Interscience, 1987
[2] Reed R C. The Superalloys: Fundamentals and Applications
[M]. Cambridge: Cambridge University Press, 2006: 122

[3] Pollock T M, Tin S. Journal of Propulsion & Power[J], 2006,
22: 361

[4] Craig B. Advanced Materials & Processes[J], 2008, 5: 33

[5] Zheng L, Zhang G, Lee T L et al. Materials & Design[J], 2014,
61: 61

[6] Zhou T J, Ding H S, Ma X P et al. Materials Science and
Engineering A[J], 2018, 725: 299

[7]1 Zhang Guoging(5k [E FX), Zhang Yiwen(ik X ), Zheng
Liang(#8 #%) et al. Acta Metallurgica Sinica(%:J&2#3R%)[J],
2019, 55: 1133

[8] zhang Yongzhong(ik7k &), Liu Yantao(X|Z #), Cao Ye(
). Aeronautical Manufacturing Technology(#i % 1] i& 3%
A)[3], 2015, 10: 44

[9] Xu Z J, Zhang Y Z, Liu M K et al. Rare Metals[J], 2016, 35:
456

[10] Jin Jutao(4: £ ¥%), Zhang Yongzhong(ik 7k &), Huang Can
(3% l) et al. Aeronautical Manufacturing Technology (it &
#i& HA)[J], 2010, 9: 94

[11] Liang Y J, Liu D, Wang H M. Scripta Materialia[J], 2014, 74:
80

[12] Ren H S, Liu D, Tang H B et al. Materials Science and
Engineering A[J], 2014, 611: 362

[13] Lin X, Yue T M, Yang H O et al. Acta Materialia[J], 2006, 54:
1901

[14] Shah K, Haq I, Khan A et al. Materials & Design[J], 2014, 54:
531

[15] Li Yuanyuan(Z=7G7T), Zhang Datong(3k k), Xia Wei(E
f£) et al. Acta Metallurgica Sinica(4%:J&2%#3k)[J], 1998, 34:
95

[16] Liu Wensheng(X|3C i), Peng Fen(¥ 2§), Ma Yunzhu(%iz
¥E) et al. The Chinese Journal of Nonferrous Metals (" [E
45 J&@ £ 4R)[J], 2009, 19: 1074

[17] Yu Weiyong(4xfiik), Xiao Zhiyu(i4 & Hi), Chen Yingying
(% %) et al. Rare Metal Materials and Engineering (%
& @RS TRR)[J], 2019, 48(3): 973

[18] zhang Shaochi(5k/>3it), Sun Zhonggang(#h = i), Liang
Zulei($£4H %) et al. Rare Metal Materials and Engineering
(WA & JRM RS TE)[J], 2019, 48(10): 3234

[19] Ozbilen S. Powder Metallurgy[J], 1999, 42(1): 70

[20] Zheng Liang(% =), Xiao Chengbo( 4 F&i%), Zhang Guoging(5k:
JX) et al. Rare Metal Materials and Engineering (#i & 4 J& #4
5 THE)[I], 2012, 41(8): 1457

[21] Zhang Xiaoyue(3k k), Liu Lin(x] #k), Huang Taiwen(#
) et al. Rare Metal Materials and Engineering (% & J&
FELS T[], 2013, 42(12): 2547


https://doi.org/10.2514/1.18239
https://doi.org/10.1016/j.matdes.2014.04.055
https://doi.org/10.1016/j.msea.2018.04.037
https://doi.org/10.1016/j.msea.2018.04.037
https://doi.org/10.1016/j.msea.2018.04.037
https://doi.org/10.1016/j.msea.2018.04.037
https://doi.org/10.1016/j.matdes.2014.04.055

« 3656 * WA & EMEE TR 250 %

Characteristics of Ni-Based Superalloy Powders Used for Gradient Integral Turbine
Blisk by Ultra-Transient Solidified Additive Manufacturing: Alloy Powders for Disk

Zheng Liang®, Liu Zhaoyang? Zhu Qiang?, Song Lijun®, Li Zhou®, Zhang Guoging*
(1. Advanced High Temperature Structural Materials Laboratory, Beijing Institute of Aeronautical Materials, Beijing 100095, China)
(2. Department of Mechanical and Energy Engineering, Southern University of Science and Technology, Shenzhen 518055, China)
(3. College of Mechanical and Vehicle Engineering, Hunan University, Changsha 410082, China)

Abstract: The characteristics of superalloy powders used for the gradient integral turbine blisk by the ultra-transient solidified additive
manufacturing were investigated. According to the temperature capacity of the alloy and the phase equilibrium diagram calculated by
JMatPro, GH4169 and K418 alloys were selected as the disk hub and rim materials, respectively, whereas DZ4125 was selected as the
blade material for integral turbine blisk. The superalloy powder were prepared by vacuum induction melting and argon gas atomization
(VIGA) and sieved to the particle size range of 53~105 um. The differential scanning calorimeter (DSC), field emission scanning electron
microscope (FESEM), electron probe X-ray micro-analyzer (EPMA), laser diffraction particle size analyzer, dynamic image analysis
system and comprehensive powder property analyzer were used to systematically characterize the phase change temperatures,
microstructure, element segregation, particle size and shape, apparent density, tap density and flowability of the selected superalloy
powders. The results show that the liquidus and solidus temperature range of K418 alloy is smaller than that of the GH4169 alloy. The
onset precipitated temperature of y* and MC carbides of K418 alloy is higher than that of GH4169. The precipitation temperatures of the
main strengthening phases of the (GH4169+K418) hybrid composition alloy in the transition zone are between the GH4169 and K418
alloys. The morphologies of GH4169 and K418 alloy powders are mainly spherical and nearly spherical. The surface and cross-section
microstructures are mainly dendritic structure. For the selected alloy powders, the elements Ti, Nb, Zr and Mo, rich in the interdendritic
region, exhibit strong segregation tendency, while the elements with weak segregation tendency include Ni, Cr, Fe and Al. The element
segregation type of superalloy powder is similar to the cast Ni-based superalloys, however the powders possess finer and more uniform
microstructure than the cast superalloy. The particle size distribution of powders measured by laser diffraction and dynamic image analysis
methods are similar. The Dso value of GH4169 is 79.1 and 76.2 pum, and the Dso of K418 is 67.8 and 65.6 um, respectively. The dynamic
image analysis result shows that the two alloys both possess good sphericity, and the SPHT mean values of GH4169 and K418 are 0.91 and
0.90, respectively. The GH4169 and K418 superalloy powders have similar apparent density, tap density and flowability. In addition, the
apparent density and tap density of the two alloy powders can reach 50% and 60% of the theoretical density of the alloy, respectively.
Furthermore, the GH4169 and K418 superalloy powders both have good compressibility of 13.3%~15.5% and flowability of 18.5~20.4
s{50 g)™.
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