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Fig.1 SEM morphologies (a~d) and EDS spectra (al~d1) of non-metallic inclusions separated by water elutriation: (a, al) xAl,O3z ySiOg,

(b, b1) MgO Al;0s3, (c, cl1) Al;03, and (d, d1) CaCO;
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Fig.2 Micro-morphologies of the acid soluble products under different mixed concentrated acid ratios: (a) 4:1 and (b) 6:1

R1 BRBEFVEIESINER
Table 1 EDS results of acid soluble products (at%o)

Acid ratio C 0 Al Ti Cr Co Ni Sr Nb Mo W Cl
4:1 33.93 37.33 0.60 1.97 3.58 2.23 9.37 1.38 2.08 1.31 6.20
6:1 - - - 10.08 - - 3.37 - 19.32 12.00 42.60 12.28
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Table 2 Mass recovery rates of SiO, and a-Al,O3 particles

dissolved by mixed concentrated acid

Oxide type Rarticle Acid_ dissol_ution Mass recovery
size/pm time/min rate/%
600~700 10 99.99
SiO, 18~23 10 99.56
18~23 30 99.02
1000~1180 10 99.48
a-Al,03 48~75 10 97.38
48~75 30 95.81
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Fig.3 Micro-morphologies of SiO, particles before (a) and after (b) acid dissolution
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Fig.4 Micro-morphologies of a-Al,O3 particles before (a) and after (b) acid dissolution
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i
Table 3 Mass recovery rates of SiO, and a-Al,O; particles

under H,0O,-oxalic acid system

Oxide Particle Acid dissolution Resting Mass recovery

type  size/um time/min time/min rate/%
. 18~23 10 60 99.90
SIOz
18~23 30 60 99.66
48~75 10 60 99.82
(Z-A|203
48~75 30 60 99.92

Iy B PR AE SRR, /K e B HE A 10 AR <
JEFRz, HAT 90% e s kiie KT 30 pm. HIT
TR e R B ) e 2 RS 2 BR T IR AL A, O
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AU R PRIE SRS KA K 2 W), R AR KT

N
o N b

Inclusion Number

o N b O

<30 30~49 50~60 61~73 74~105
Inclusion Particle Size/pm

Bl 5  KEVETE S 4 BRI 4 B I R e B e S RS 4 A
Fig.5 Number and size distribution of inclusions separated by

water elutriation and stepwise acid dissolution methods
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Fig.6 Micro-morphologies and composition analysis of xAl,O3; ¥SiO, (a~c) and MgO Al,O3 (d) inclusions separated by stepwise acid

dissolution method
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Extraction of Non-metallic Inclusions in Nickel-Based Superalloy Powders by Stepwise
Acid Dissolution Method

Zhong Weijie', Jiao Dongling®, Liu Zhongwu!, Liu Na?, Li Zhou?, Zhang Guoging®
(1. School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640, China)
(2. Science and Technology on Advanced High Temperature Structural Materials Laboratory,
AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: A stepwise acid dissolution method to extract non-metallic inclusions accurately in nickel-based superalloy powders for
quantitative characterization was proposed in this work. The superalloy powder was firstly dissolved by the mixed concentrated acid with
the optimal ratio of HCI:HNO3=6:1, and the acid soluble products and insoluble metal elements were then completely dissolved using the
H,0,-oxalic acid system and dilute acid. The quantity, morphology, composition, and size distribution of the acquired non-metallic
inclusions were analyzed by SEM, EDS and other characterization methods. The results indicate that this extraction method has the
advantages of simplicity, short time, high separation efficiency, high recovery rate, and less influence on the inclusions. It is suitable for
extracting a wide range of inclusion particle sizes. In addition, the extraction effects of the stepwise acid dissolution method and the water
elutriation method were compared. It is found that both methods have similar extraction effects for the inclusions with a particle size
greater than 50 um. However, the stepwise acid dissolution method exhibits significantly improved extraction effects for the inclusions less
than 50 um.

Key words: nickel-based superalloy; powder; inclusions; quantitative characterization; stepwise acid dissolution
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