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Fig.1 Schematic diagram of heat treatment process of the superalloy
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Fig.2 Microstructures at low (a) and high (b) magnifications of as-

cast test bar
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Fig.3 Substrate microstructures at low (a) and high (b) magnifications
of the test bar heat treated with Ar partial pressure
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Fig.4 Surface microstructures at low (a) and high (b) magnifications

of the test bar heat treated with Ar partial pressure
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Table 1 Composition of surface layers of test bar heat treated with Ar partial pressure (at%)

Location Al Cr Co Mo Hf Ta w Re
Surface layer 31.90 1.22 5.19 0.05 0.08 0.97 0.48 0.00
Sub-surface 22.83 1.84 6.02 63.09 0.16 0.19 2.10 2.31 1.47
Interdiffusion layer 18.35 1.63 6.61 66.80 0.16 0.09 3.02 2.17 1.16
Substrate 6.40 6.60 8.20 64.68 0.87 0.29 6.76 4.11 2.10

R2 MO EALELERE P ZHEBRS

Table 2 Composition of different phases in surface layers of test bar heat treated with Ar partial pressure (at%)

Phase Al Cr Co Ni Hf Ta W Re Ni/Al Phase
Dark grey phase 34.39 1.79 542 58.15 0.00 0.03 0.15 0.00 1.69 [ phase
Light grey phase 19.03 1.19 6.34 69.38 0.01 2.88 1.05 0.00 3.65 y' phase
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Table 3 Composition of different phases in sub-surface layers of test bar heat treated with Ar partial pressure (at%)
Phase Al Cr Co Ni Mo Hf Ta w Re Ni/Al Phase
Dark grey phase 34.22 1.98 5.69 57.61 0.04 0.01 0.26 0.19 0.00 1.68 S phase
Light grey phase 20.11 1.16 6.26 68.15 0.09 0.08 2.99 1.17 0.00 3.39 7' phase
White phase 2.31 6.45 6.78 24.05 3.05 0.00 1.12 31.51 24.72 10.41 TCP
R4 Mo EHRLERETER P SHERR S
Table 4 Composition of different phases in transition layers of test bar heat treated with Ar partial pressure (at%)
Phase Al Cr Co Ni Mo Hf Ta w Re Ni/Al Phase
Light grey substrate 18.30 2.04 7.31 67.53 0.15 0.08 3.15 1.42 0.03 3.69 y' phase
White phase 2.00 10.71 6.99 23.24 2.51 0.08 1.48 27.67 25.32 11.64 TCP
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Fig.5 Microstructure (a) and EDS spectrum (b) between the surface

and sub-surface layers
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Fig.6 Microstructures of the test bar heat treated without Ar partial

pressure: (a) substrate and (b) surface
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Table 5 Composition of different layers and phases of test bar heat treated without Ar partial pressure (at%)
Phase Al Cr Co Ni Mo Hf Ta w Re Phase
Surface layer 18.86 1.68 4.97 70.16 0.19 0.00 2.52 1.32 0.30 y' phase
Interdiffusion layer 15.69 2.48 7.68 66.53 0.43 0.18 1.40 2.66 2.95
White needle phase 2.00 10.71 6.99 23.24 2.51 0.08 1.48 27.67 25.32 TCP
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Fig.7 Vapor pressure curves of four main elements in experimental

superalloy
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Fig.9 Thermodynamic phase equilibrium diagram calculated based
on the sub-surface composition (Table 1) of experimental super-

alloy after solution treatment
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KA BN o B9 AR IR IR A 4 hn 23 e [ 95 Ab B
RRZHIRST (R DRI AP B B T8
FTH Ni. Cr. Co 748 1k , ¥k 3R 2 (1 [F] AH 2% I8 B 8 M
1337 ‘CR#fk %1314 C.

AR T TT Cr 1 53— /N5 a2 y AV 0%, TE Ay AH
JE R ] 5 7 p M AR ) CrCoMo W . Re ZF T R M y
FHAHT T TCP A . TCP AKX J7 22 1tk S, e 53] 2 9
57 M RE P A E R . T TCP A B 32 BN 4S &
& E , — EIE R M F AR B 1) 77200

5 & 1

DN 120 Pa G55 He AT [ 7 #4 4 BRI, ol & 1
HI Cr 2L 2, R ETE O R 1) 3 [ 40 A0, el Je Ak
B E FE BNy M+TCP #H, IR Z 4y FH+TCP+A #H
KIZ Ny H+pAH. LI, &8 AUFI NI IE S TER T .

D) AINGR S5y AT [ i b B, i 3R T HH B
CrifFH L2, REER T 2 )2, I )2 35Ny #+TCP

A, R Z Ny H+TCP+AAH, A H L ALFI NI SR T TR

DFEE T HRAC B RE b, B 2 T T R B HE R VDT
AN A SR A i R S0 5 = RS- % L
JEE F7 0200, B 22 K S BLDTAR 2 L 340 2 R
2. B EE AR E Ny R, TERBE S 4
EH T VA A B PR AR 4K, [N AE y AR 1) CroCo Mo W
Re5Fn R My tHH AT HIE B TCP AH .
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Effect of Short-Time Vacuum Heat Treatment on Surface Microstructure of Second-
Generation Ni-based Single-Crystal Superalloy

Xiong Jiangying'?, Wang Chong', Zhu Xiaomin', Li Weiming’, Duan Fangmiao’
(1. Shenzhen Wedge Central South Research Institute Co., Ltd, Shenzhen 518000, China)
(2. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)
(3. China United Gas Turbine Technology Co., Ltd, Beijing 100016, China)

Abstract: The surface composition and microstructure evolution of a second-generation Ni-based single crystal superalloy were investigated
during vacuum solution heat treatment. The effects of adding argon partial pressure and not adding argon partial pressure on the surface layer of
casting were studied. Results show that during the high-temperature vacuum heat treatment of the test bars, when argon partial pressure is applied
during solution heat treatment, a Cr-depleted layer forms on the surface, exhibiting three-layer structure: transition layer (adjacent to the substrate)
composed of y’ phase and topologically close-packed (TCP) phase; sub-surface layer composed of y' phase, TCP phase, and /5 phase; surface layer
composed of y' phase and f phases. In this case, Al and Ni are deposited on the surface. Conversely, when heat treatment is conducted without
argon partial pressure, a Cr-depleted layer still forms, but with a two-layer structure: transition layer composed of ' phase and TCP phase and
surface layer composed of y’ phase, TCP phase, and 8 phase. During vacuum heat treatment, reactions such as volatilization, deposition, oxidation,
and diffusion of surface elements occur simultaneously. Depending on the temperature, vacuum level, and argon partial pressure, condensation
layer, depletion layer, and interdiffusion layer may be formed on the surface. This study analyzed these phenomena in detail based on the
thermodynamics and kinetics of relevant reactions.

Key words: Ni-based superalloy; vacuum heat treatment; argon partial pressure; Cr-depletion layer
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