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

Alloy Cr Mo Nb Ti Al C Co Hf Ta W Ni
DZz4125 9.2 2.0 - 1.0 51 0.11 10.0 1.5 3.7 7.2 Bal.
K418 12.5 4.3 2.1 0.7 6.0 0.11 - - - - Bal.
DZ4125+K418 10.85 3.15 1.05 0.85 5.55 0.11 5 0.75 1.85 3.6 Bal.

*2 MAASEREEWERSERIEEMERAM

Table 2 Max service temperatures of selected superalloys and applied position!**!

Alloy Max service temperature/'C Suitable applied position in the integral blisk
GH4169 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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Fig.1 Phase equilibrium diagram of DZ4125 alloy
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Fig.2 Phase equilibrium diagram of DZ4125+K418 hybrid alloy
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Fig.3 Phase equilibrium diagram of specific phases for the selected superalloys: (a) liquid phase, (b) y’ phase, (c) y phase, and (d) MC

carbide



- 3982 - Wit @A RS TR #50 %
*3 AAREAEHIFEATEE
Table 3  Specific phase change temperatures of the selected superalloys (C)
Alloy Method Liquidus Solidus Liquidus and solidus range, AT MC carbides onset temperature y’ onset temperature
Dz4125 1360 1322 38 1354 1183
K418 JMatPro 1354 1322 32 1327 1183
Dz4125 +K418 1358 1329 29 1344 1186
DZ4125 1343 1260 8 1312 /
DSC
K418 1341 1290 51 / /
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M mALIESWME 4 fion. W LLER DZ4125 &4
MRS EONERIE AL ERIE (K 4a, 4b) , 174000
GENT LA OB R 3 T AR A T 34 2 S AR S A
IEANEIEAE TR (K 4c) , HEREERHTES
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Fig.4 Surface morphology (a) and cross section microstructures (b~f) of the tested superalloy DZ4125 powders: (a, b) spherical powder,

(c) satellite powder, (d) hollow powder, (e) adherent fine powder, and (f) wrapped-satellite-hollow irregular powder
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Fig.5 Cross-section morphology (a) and EDS analysis results of precipitates in the interdendritic region (b, c) for the tested superalloy

DZ4125 powders
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Table 4 Element concentration of dendritic core and interdendritic region of tested superalloy DZ4125 powders (/%)

Position Al Ti Ta Hf Mo w Cr Co Ni
4.6 0.7 2.1 1.8 9.2 9.0 10.9 61.6
Dendritic core 4.3 0.8 25 2.1 9.7 9.2 11.3 60.1
5.0 1.0 3.2 0.8 1.8 7.9 9.3 10.7 60.2
4.9 1.0 3.8 4.8 2.5 8.1 8.8 10.3 55.8
Interdendritic region 4.6 1.0 3.2 1.8 1.8 8.6 9.4 10.2 59.6
4.8 0.9 3.9 1.7 2.0 6.4 9.4 10.5 60.4
RIGFABEBE I 4.43 g em™®, Tk FIZ) 52% ) | K7 & 4
1.4+ [ Dz4125 powder o . B
Lol . G (853 gem?) , FRSEZEEH 5.38 gem’?,
Lo i BT 639010 7 F ) BLAE B RE L KK I JE 4 N

0.4

Segregation Coefficient, k
o O
D o

o o
o N

Al Ti Ta Hf Mo W Cr Co Ni
Element

6 I H] DZ4125 Wi A <ok K I 70 R i i R 3L
Fig.6 Elemental segregation coefficient (k) of tested superalloy
DZ4125 powders
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Fig.7 Particle size distribution of tested DZ4125 superalloy

powders by laser diffraction analysis

x5 EALREAENEH DZ4125 S a & K Bhi E fihi 2

Table 5 Particle size and shape of superalloy DZ4125 powders measured by different methods

Particle size/um Particle shape
Alloy Method
Do Dso Dgo SPHT b/l
Laser diffraction analysis 40.5 70.2 114.4 - -
Dz4125
Dynamic image analysis 45.5 72.8 104.9 0.91 0.86

%6 RIMA DZ4125 BIREEMARAVMIEEAE
Table 6 Physical properties of tested superalloy DZ4125 powders

Alloy Apparent density/g ¢m™ Tap density/g €m™

Theoretical density/

T T -1
gcm’ Compressibility/% Flowability/s {50 g)

4.43 5.38
DZ4125

52% theoretical density ~ 63% theoretical density

8.53 17.7 20.79
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Characteristics of Ni-Based Superalloy Powders Used for the Gradient Integral Turbine
Blisk by the Ultra-transient Solidified Additive Manufacturing II : Blade Alloy Powders

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, DZ4125 was selected as the blade material, whereas K418 alloys were selected as the disk rim 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 microscopy (FESEM), energy dispersive
spectroscopy (EDS), laser diffraction particle size analyzer, dynamic image analysis system and comprehensive powder property analyzer
were used to systematically characterize the phase transformation temperatures, microstructure, precipitated phase composition, element
segregation, particle size and shape, apparent density, tap density and flowability of the selected superalloy powders. The results show that
DZ4125 possesses wider solid-liquid temperature range than K418 alloy. The liquidus temperature and MC carbide initial precipitation
temperature of the transition zone DZ4125+K418 hybrid composition alloy are between that of the two alloys, and the y' onset precipitation
temperature is equivalent to the two alloys. The morphology of DZ4125 alloy powders is mainly spherical and nearly spherical. The
surface and cross-section microstructures are mainly dendritic structure. For the selected alloy powders, the elements Hf, Ta, Ti, Mo and W
exhibit strong segregation tendency, while the elements with weak segregation tendency include Ni, Cr, Co and Al. There are fine MC
carbides distributed in the interdendritic zone of the powder, and the size is about 200 nm. The particle size distribution of powders
measured by laser diffraction and dynamic image analysis methods is similar. The Ds values of DZ4125 powder are 70.2 and 72.8 um. The
dynamic image analysis result shows that the DZ4125 alloy powders possess good sphericity, and the SPHT and b/l values are 0.91 and
0.86, respectively. The DZ4125 superalloy powders have good apparent density, tap density and flowablity. The apparent density and tap
density of the alloy powders can reach 52% and 63% of the theoretical density of the DZ4125 alloy, respectively. In addition, the DZ4125
superalloy powders possess compressibility of 17.7% and flowability of 20.79 s {50 g)™.
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