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Table 1  Composition of GH4169 nickel alloy (ω/%) 

Ni Cr Mo Al Ti Nb Si Fe 

50.68 18.92 3.85 0.46 0.8 5.58 0.48 19.23 
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Table 2  Composition of Co matrix coatings (ω/%) 

Sample Co Cr Ni MoS

2

 

TC-1 73 14 10 3 

TC-2 71 14 10 5 

TC-3 69 14 10 7 
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È 1  Q�VW[ XRDÈÉ 

Fig.1  XRD patterns of Co matrix coatings 
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È 2  VW TC-1kTC-2kTC-3[ÍÎt{ÏÈÐÆ TC-3[���NÑÈ 

Fig.2  SEM-BSE images of TC-1 (a), TC-2 (b), and TC-3 (c) coating and elemental surface distributions of TC-3: 

(d) Co, (e) Cr, (f) Ni, (g) Mo, and (h) S 
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È 3  Q�VW TC-2A��Ò�[Ó� SEMÔÕ 

Fig.3  Cross section SEM images of TC-2 before (a) and after (b) 

thermal shock 
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Table 3  Vickers hardness of Co matrix coatings and GH4169 

alloy (MPa) 

Sample Vickers hardness 

GH4169 2621 

TC-1 3161 

TC-2 3541 

TC-3 3408 

 

 

 

 

 

 

 

 

 

 

 

È 4  Q�VWÓ�[Ö�×jNÑ 

Fig.4  Microhardness distribution of cross section of Co matrix 

coatings 
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È 5  ØÙ-m�� Q�VWx GH4169 ��[abfOx
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Fig.5  Friction coefficients (a) and wear rates (b) of Co matrix 

coatings and GH4169 substrate at different loads (400 o, 

0.29 m/s) 
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È 6  ØÙ-m�� [Q�VWx GH4169��[©ªI��� 

Fig.6  Worn surface morphologies of GH4169 (a, e, i), TC-1 (b, f, j), TC-2 (c, g, k), and TC-3 (d, h, l) coatings at different loads: 

(a~d) 5 N, (e~h) 10 N, and (i~l) 15 N 
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Fig.7  Friction coefficients (a) and wear rates (b) of Co matrix 

coatings and GH4169 at different sliding speeds 
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Fig.8  Worn surface morphologies of GH4169 alloy (a, e), TC-1 (b, f), TC-2 (c, g), and TC-3 (d, h) coatings at different sliding speeds: 

(a~d) 0.1 m/s and (e~h) 0.39 m/s 
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Fig.9  Friction coefficients (a) and wear rates (b) of Co matrix 

coatings and GH4169 at different temperatures 
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Fig.10  Worn surface morphologies of GH4169 (a, e, i), TC-1 (b, f, j), TC-2 (c, g, k), and TC-3 (d, h, l) coatings at different temperatures: 

(a~d) 20 o, (e~h) 600 o, and (i~l) 800 o 
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Fig.11  XRD pattern of wear track of TC-2 at 800 o 
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Abstract: The high-temperature self-lubricating CoCrNi-(3.0%, 5.0%, 7.0%) MoS

2

 (mass fraction) coatings were prepared on the surface 

of GH4169 alloy using powder metallurgy (P/M) technique. The high-temperature tribological properties of coatings sliding against Si

3

N

4

 

ceramic ball were investigated by a ball-on-disk high-temperature tribo-meter. The effect of temperature, sliding speed and applied load on 

the tribological properties of coatings was studied from 20 °C to 800 °C. The phase and microstructure of the coatings were analyzed by 

X-ray diffractometer and scanning electron microscope, and the bonding strength between the coating and the substrate was tested through 

the thermal shock test. The results show that the MoS

2 

forms Mo

2

S

3

 and Cr

x

S

y

 phases with other metal elements. The coatings have a good 

interface structure with the substrate. The coatings consist of γ(fcc), ε(hcp), Cr

x

Ni

y

 and solid lubricating phases (Mo

2

S

3

, Cr

x

S

y

). At low 

temperature, the friction coefficient of coatings gradually decreases with the increase of MoS

2

 content. At high temperature, the coatings 

have excellent high-temperature tribological properties. It is ascribed to the synergistic effect of chromate, oxide and sulfide on the worn 

surface. The wear rate of the coatings is below 5.5×10

-5

 mm

3

·N

-1

·m

-1

 over a wide temperature range, and the wear resistance of the 

coatings is 4~17 times higher than that of the substrate from 20 °C to 600 °C. The CoCrNi matrix coating with 5.0%MoS

2

 shows the best 

high-temperature tribological properties. 

Key words: cobalt matrix coating; high temperature; friction; wear; MoS

2
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