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Table 1 Chemical composition of GH4169 alloy specimens (/%)

Ni Cu Mo Ti Nb Al B

Specimen C Si Mn P S Cr
1# 0.025 0.015 <0.005 <0.005 0.0007 19.18
2# 0.044 0.018 <0.005 <<0.005 0.0008 19.04
3# 0.072 0.016 <<0.005 <0.005 0.0008 19.18

52.48 0.0020 3.06 0.92 514 0.53 0.003
52.60 0.0020 3.05 0.92 5.11 0.52 0.003
52,57 0.0020 3.05 0.92 5.06 0.53 0.003
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Fig.3 Effect of C content on the melting point of GH4169 alloy
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Fig.5 DSC curves of GH4169 alloy with different C contents

during heating process
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Table 2 Phase transformation temperatures of GH4169 alloy

specimens with different C contents during heating

process

Phase transformation temperature  Specimen Temperature/°C

1# 1264

T, 2# 1267

3# 1268

1# 1279

Tme 2# 1286

3t 1296

1# 1342

To 2# 1341

3# 1340
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Fig.6 OM microstructures of GH4169 alloy specimens with different C contents: (a) 1#, (b) 2#, and (c) 3#
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Fig.7 SEM microstructures of GH4169 alloy specimens with different C contents: (a) 1#, (b) 2#, and (c) 3#
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Table 3 EDS results of the secondary phase in GH4169 alloy specimens with different C content (/%)

Specimen C Nb Ti Ni Cr Fe
1# 20.1 68.8 6.4 1.5 2.1 11
2# 17.3 72.1 5.2 1.2 3.1 11
3# 17.4 73.4 6.1 0.7 1.5 0.9
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Fig.8 XRD pattern of the secondary phase in 2# GH4169 alloy
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Table 4 Content of element in MC carbide and formula of MC

for the GH4169 alloy specimens

Content of element in MC/at%
Ti Nb Mo C
1# 10.58 38.89 0.53 50.00 (Tip212Nbg778M00.011)C
2# 8.78 40.74 0.48 50.00 (Tio.176Nbo.815M00.010)C
3# 8.50 40.94 0.56 50.00 (Tio.170Nbg.s19M0g011)C

Specimen Formula of MC
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Fig.10 Effect of C content on tensile properties at room
temperature of solution-treated GH4169: (a) tensile
strength, (b) yield strength, and (c) elongation after

fracture
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Fig.11 Fracture morphologies of tensile specimens of GH4169 alloy specimens with different C contents at room temperature: (a-c)

cup and cone-shaped fractures; (d-f) crack initiation and propagation area; (f-i) MC carbide and void
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Fig.12 True stress-true strains curve of GH4169 alloy with

different C contents at room temperature
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Fig.13  True stress-true strain logarithmic curve of GH4169 alloy
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Table 5 Strain hardening exponent of GH4169 alloy specimens

with different C contents

Specimen Ny n,
1# 0.8051 0.0923
21 0.7807 0.0870
3% 0.7535 0.0808
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Effect of C Content on Microstructure and Mechanical Properties of GH4169 Alloy

Shi Zhaoxia'?, Xu Guohua'?, Liu Ning®, Tian Wei*, Chen Jiacheng ®, Tang Cunjiang?® Zhu Yan*?, Zhang Lianjie®?
(1. Gaona Areo Materials Co., Ltd, Beijing 100081, China)
(2. Beijing Key Laboratory of Advanced High Temperature Materials, Central Iron and Steel Research Institute, Beijing 100081, China)
(3. Fushun Special Steel Co., Ltd, Fushun 113001, China)
(4. AECC Sichuan Gas Turbine Establishment, Chengdu 610500, China)
(5. CGNPC Uranium Resources Co., Ltd, Beijing 100029, China)

Abstract: In order to investigate the effect of C content on microstructure and mechanical properties of GH4169 alloy, three kinds of
GH4169 alloys were obtained by vacuum induction melting, homogenization heat treatment, forging and solid solution heat treatment.
The content of C was 0.025wt%, 0.044wt% and 0.072wt%. The precipitation behaviors of equilibrium precipitated phases of GH4169
alloy with different C contents were investigated by thermodynamic calculation and differential scanning calorimetry. Combined with
microstructure observation, X-ray diffraction phase analysis and tensile test at room temperature of alloys with different C contents, the
effect of C content on the tensile properties at room temperature and strain hardening exponent was analyzed. The results show that the
increase in C content can promote the precipitation of MC carbide and M23Cs carbide. The amount of MC carbide enriched with Nb
increases linearly with the increase in C content. The increase in C content can inhibit the precipitation of ¢ phase and has no significant
influence on the precipitation of y' phase. With the increase in C content, the grain of solid-solution state is refined and the strength at
room temperature is improved. The increase in C content will decrease the elongation after fracture, strain hardening exponent and the
capacity of uniform plastic deformation. MC carbide and its resulting void are the main factors to cause the fracture of the alloy at room
temperature.

Key words: GH4169 alloy; C content; microstructure; MC carbide; mechanical properties
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