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Table 1 Three kinds of etchants for single crystal nickel-base superalloy

Etchant No. Etchant solution Etching condition Ref.
Immersion etching at ambient temperature for
1 5 g CuCl,+100 mL HCL+100 mL ethanol [8]
80—100 s
Immersion etching at ambient temperature for
2 10 mL HNO;+20 mL glycerol+30 mL HCL [8-9]
30-45s
o Immersion etching at ambient temperature for
3 33% HNO3+33% acetic acid+33% H,0+1% HF [10]

10-20s
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Fig. 1 Carbides of single crystal superalloy: (a) SE mode; (b) BSE mode
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Fig. 2 Dendrite morphologies of as-cast
single crystal superalloy with different

magnifications
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Fig.3 Microstructures of as-cast single crystal superalloy: (a) Etchant 2, etching 30 s; (b) Etchant 3, etching 20 s
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Fig. 4 Polarization curves of y’ precipitates and y matrix for cast single crystal superalloy in two etchants: (a) In etchant 2; (b) In

etchant 3
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Table 2 Volume fraction of )’ precipitates by different
methods
Method Volume fraction/%
Etchant 2 80.27+0.79
Etchant 3 62.36+1.63
Electrolytic extraction 65.95
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Fig. 6 SEM image(a) of electrolytic extracted y' powder of

cast single crystal superalloy and XRD pattern(b) of

electrolytic extracted powder
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Fig. 8 Segregation results in cast single crystal nickel base

superalloy
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Table 3 Segregation coefficient analysis of alloy elements

between dentrite and interdentrite

Alloy Segregation Segregation

element coefficient, K orientation
Co 1.11 +
Cr 1.17 +
w 1.12 +
Ta 0.81 -
Al 0.92 -

“+”  represents dendritic segregation; “—”  represents

interdendritic segregation.



1252 v A 4 2 AR 2016 £ 6

9 PRABIER AR A SIEHSOTR
1 341 P

Fig. 9 SEM images and elements mapping
results of cast single crystal nickel base
superalloy: (a) SEM image; (b) Al; (c) Ta;
(d) Cr; (e) Co; () W; (2) Ni
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Characterization on microstructure of non-rhenium single
crystal Nickel-base superalloy

ZHUANG Xiao-li"2, WU Hong-yu" %, FANG Jiao"% HUANG Lan" 2, JIANG Liang"?

(1. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China;
2. Powder Metallurgy Research Institute, Central South University, Changsha 410083, China)

Abstract: A new single crystal nickel-base superalloy was prepared with screw selecting method. The influences of
etchants on microstructure, the segregation of alloy elements and the microstructure of alloy were studied. Optical
microscope (OM), scanning electron microscope (SEM), energy disperse spectroscope (EDS), electron probe micro
analysis (EPMA), X-ray diffraction (XRD), electrochemical extraction, electrochemical workstation and image analysis
software image pro plus (IPP) were employed to characterize and study the single crystal nickel-base superalloy. The
results show that the casting single crystal nickel-base superalloy is consisted of y matrix, y' precipitates and y/y’ eutectic.
Different etchants can cause different etching results which are determined by self-corrosion potential. As for y’ volume
fraction evaluation, the y' etchants can provide appropriate results. The segregation of casted single crystal superalloy is
severe. The chromium, cobalt and tungsten are dendritic segregation, while the aluminum and tantalum are interdendritic
segregation.

Key words: Ni-base single crystal superalloy; metallographic etchant; microstructure; y’ phase; elements segragaion
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