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Table 1 Nominal composition of experimental alloys (/%)

Alloy Co C Cr Al+W+Mo+Re+Ta Ni
10ColC 10 0.01 8-12 19.5 Bal.
15ColC 15 0.01 8-12 19.5 Bal.
8.5C04C 8.5 0.04 8-12 19.5 Bal.
10Co4C 10 0.04 8-12 19.5 Bal.
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Table 2 Heat treatment schemes of the four alloys

Heat treatment Scheme
Solution 1280°C/2h+1300°C/4h, AC
Primary aging 1100°C/6h, AC
Secondary aging 870°C/32 h, AC
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Fig.1 Microstructures of as-cast 8.5C04C alloy: (a) Cross section
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and eutectic structure,(b) Longitudinal section,(c) Micropores, (d) The

morphology of the Y’ phase and y phase
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Fig.2 The number of micropores in four alloys before and after heat

treatment

Kl 3 U FTE 8.5C04C &4 10Co4C &4x1F) MC BIRRAL I

Gt
Fig.3 Content of MC type carbides in 8.5C0o4C alloy and 10Co4C

alloy before and after heat treatment
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Fig.4 Eutectic content in as cast microstructure of four alloys
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Fig.5 SEM-EDS elemental surface scanning results and TEM
diffraction spot calibration of MC-type carbide
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Fig.6 Element segregation coefficient of the four as-cast alloys
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Table 3 Temperature of the Y ' phase in four alloys and the quantity and size of the Y ' phase after heat treatment

Alloy Dissolution temperature of y' /C  Area fraction of y' / %

Size of y' / nm

10Co1C 1186
15ColC 1170
8.5Co4C 1200
10Co4C 1194

60.70+0.17 318.46+1.34nm
58.21+0.54 314.80+8.69nm
65.95+1.42 320.37£9.10nm
58.95+1.54 322.75+8.10nm
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Table 4 Partition coefficients of elements between the Y and Y ' phases in four alloys

Alloy Ta Al W Mo Re Cr Co Ni
10ColC 0.16 0.58 0.95 3.63 6.35 3.90 1.77 0.83
15ColC 0.21 0.65 0.96 3.58 5.37 3.43 1.56 0.80
8.5C04C 0.14 0.57 0.95 3.35 5.85 3.72 1.78 0.85
10Co4C 0.16 0.57 0.98 3.64 6.06 3.60 1.81 0.85
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Table 5 Change in the sizes of Y ' phase for the four alloys over time during long-term aging at 1000°C (nm)

500h

800h

1000h

Alloy 100h 300h
10ColC 422.33%11.13 483.53%£13.77
15Col1C 411.11£14.51 466.431£13.53
8.5Co4C 421.72£22.28 491.94+4.05
10Co4C 402.80£8.15 500.63 £ 18.81

541.58+13.02
523.58+13.91
569.76 £11.63
558.79+52.34

601.81+£37.24
584.361+23.22
639.79124.11
624.27+11.88

638.181£29.88
626.45+41.89
673.22+24.87
662.61+54.37
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Table 6 v /v ' misfit, effective diffusion coefficient of four

alloys and coarsening rate of Y ' phase
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Table 7 Measured values and prediction of precipitation

tendency of TCP phase using electron vacancy
number method (/Vv), d-orbital energy level method

(Md), and JMatPro for four alloys

Alloy Ny Ma JMatPro FTUM{E/% SEMME/ %
10ColC 248  0.981 1.23 <0.01
15ColC  2.61  0.984 1.13 0.66
8.5Co4C 240  0.980 1.01
10Co4C 244  0.981 0.98
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Effects of Co and C on the Microstructure and Aging Stability of a New Type of
Hot-Corrosion-Resistant Nickel-Based Single-Crystal Superalloy

Wang Jiayu', Liu Enze? , Tan Zheng?, Tong Jian?, Liu Weihua?, Li Haiying?, Xinxin2, Jia Dan?
Liu Yichuan?, Tu Ganfeng', Xiao Faxin' , Sun Shuchen', Mao Chengrong?®, Ning Likui?
(1. Northeastern University, Shenyang 110819, China)
(2. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(3.Riyue Heavy Industry Co.,Ltd, Zhejiang 315113, China)
Abstract: This study investigates the effects of Co and C on the microstructural characteristics and the stability during long-term aging at
1000°C in a novel hot-corrosion resistant Ni-based single-crystal superalloy. Four single-crystal alloys with varying Co and C contents were
prepared via directional solidification and characterized by SEM, EDS, EPMA, and TEM. The results show that C suppresses solidification
micropores and reduces Y /7Y ' eutectic fraction by promoting the precipitation of MC-type carbides, such as TaC. Co enhances the solid solubility
of the Y -matrix, effectively inhibiting the segregation of Re, W, Ta, and Al, although carbides reduce the homogenization efficiency. Co lowers
the Y ' solvus temperature and refines the size of Yy ' precipitates, while C increases the solvus temperature and promotes 7Y ' coarsening due to
the release of Y '-forming elements during carbide dissolution. During long-term aging, Y ' coarsening follows Lifshitz-Slyozov-Wagner (LSW)

kinetics. Both Co and C reduce the absolute value of the Y /v ' lattice misfit (|5]) and increase the effective diffusion coefficient (Defr). Co reduces
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the Y ' coarsening rates, while C accelerates it. The misfit (|§]) dominates coarsening at fixed C content, whereas Desr governs it at fixed Co
content. Predictions from three models for topologically close-packed (TCP) phase precipitation show discrepancies with experimental data: Co
promotes TCP formation, while C inhibits it through sequestration of Mo and W in primary MC carbides.

Key words: Nickel based single crystal high-temperature alloy; Co;C;Long term effectiveness; TCP
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