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Abstract: To improve the high-temperature performance of GH5188 cobalt-based superalloy, 10%
(volume fraction) TiC particle-reinforced GH5188 composites are fabricated by laser melting deposition
(LLMD). The microstructure and tensile properties are investigated, and the interfacial forming mechanism
and the cause of the high-temperature performance degradation are discussed. The results show that the
composite consists of TiC, (W, Ti) C,_,, and the austenitic y phase. The submicron-thick (W, Ti) C,_,
interfacial layer forms between the TiC particles and the matrix. The interfacial layer originates from the
partial dissolution of TiC and the diffusion and substitution of W elements during the laser melting
deposition process. At room temperature, the ultimate tensile strength (UTS) of the composite reaches
1198.9 MPa, which is 24.3% higher than that of the matrix alloy (964.3 MPa). However, at 1000 °C, the
UTS of the composite is 128.7 MPa, which is lower than the 162.5 MPa of the matrix alloy, with a
decrease of 20.8%. The degradation in high-temperature strength is mainly due to the consumption of
W elements in the matrix by the (W, Ti)C,_, interfacial layer, resulting in decrease in its mass fraction
and weakening the solid-solution strengthening and dislocation-pinning effects on the matrix.
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Table 1 Chemical compositions of GH5188 powder(mass fraction/ %)

C Cr Ni w Fe Mn La Si
0.099 22.78 22.64 14.5 1.21 1.00 0.023 0.42
B P S Ag Bi Pb Cu Co
<20.003 <20.003 <20.002 <20.0005 <20.0001 <<0.0005 <£0.010 Bal.
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Fig.1 Particle size distribution(a) and morphology(b) of GH5188 powder
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Fig.2 Morphologies of TiC particle(a) and 10% TiC/GH5188 composite powder(h)
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Table 2 Process parameters of laser melting deposition

Laser power/W Laser scanning speed/(mm-+min ")

Powder feed rate/(g+-min~")

Argon gas flow rate/(L+min~!) Overlap rate/ %

500 700 6

20 50
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Fig.3 Microstructures of 10%TiC/GH5188 composite
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Fig.4 FElemental mappings of 10% TiC/GH5188 composite
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Fig.5 Different morphologies(1) of white phases and corresponding SAED patterns(2)
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Table 3 EDS analysis results of micro-zones in Fig.5

(mass fraction/ % )

Zone C Ti Cr Co Ni Mo w
A 4.38 40.11  5.29 1.12 0.71 0.66 47.72
B 3.90 41.81  4.74 0.89 0.62 0.36 48.69
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Fig.6 Tensile properties at room temperature(a) and high temperature(b) of TiC/GHS5188 composite
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K7 10%TiC/GH5188 & A RH A 41
Fig.7 Microstructures of 10% TiC/GH5188 composite

®4 ETHEI-10HEDS HHTER
Table 4 EDS analysis results of spots 1-10 in Fig.7

Mass fraction/ %
Spot - -

Co Ni Cr C Ti \% Fe
1 31.1 28.1 21.6 0.8 3.1 10.9 4.1
2 32.4 29.2 21.3 0.5 2.1 10.6 4.2
3 31.8 29.2 21.1 0.6 2.1 10.5 4.2
4 31.9 28.9 20.7 1.0 2.3 10.9 4.3
5 32.0 29.4 21.1 1.1 2.0 10.5 4.2
6 31.2 28.1 21.0 1.1 3.5 11.2 4.2
7 32.0 28.9 21.6 0.5 2.2 10.9 4.3
8 31.4 28.9 21.4 0.5 2.0 10.7 4.3
9 32.1 29.2 21.3 0.6 2.0 10.8 4.3

10 30.0 275 207 05 3.6 11.6 4.1
Average 316 288 21.2 0.7 2.5 10.9 4.2

a=0.35\/§ (1)
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Fig.8 Morphology of interfacial layer between TiC particles and matrix and SAED patterns of different phases
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