
Proceedings of Asia International Conference on Tribology 2018, pp. 35-37, September 2018 

 

__________ 

© Malaysian Tribology Society 
 

Fundamental study on functionality of synthetic sulfides: Evaluation of 
metal sulfides as solid lubricant 

S. Ishikawa1,*, T. Sato2, K. Saitoh2, M. Takuma2, Y. Takahashi2 

 
1) Department of Science and Engineering, Kansai University Graduate School, 

3-3-35 Yamatecho, Suita-shi, Osaka, Japan. 
2) Faculty of Engineering Science, Kansai University, 3-3-35 Yamatecho, Suita-shi, Osaka, Japan. 

 
*Corresponding e-mail: k611896@kansai-u.ac.jp 

 
Keywords: Metal sulfides; lead-free; sintered bronze 

 

 

ABSTRACT – Due to the recent rising awareness of 

environmental conservation, low environmentality of 

sliding materials is required. As a material capable of 

coping with the requirement, “metal sulfide” which is 

abundant in resource amount, low in toxicity, high in 

environmental affinity has attracted attention. Therefore, 

in this study, the synthesis process of sulfide with low 

friction properties, basic properties such as friction 

coefficient and seizure resistance were evaluated. As a 

result, the sintered copper alloy containing the 

synthesized sulfide exhibited a low coefficient of 

friction and containing sulfide had improved seizure 

resistance. In this report, properties of synthesized 

sulfide powder and its friction performance are reported. 

 

1. INTRODUCTION 

In recent years, solid lubricants are required not 

only to have low friction properties, but also to replace 

environmentally harmful substances such as lead based 

on RoHS and ELV directives, and to reduce CO2 from 

the viewpoint of the global environment. In response to 

this demand, “metal sulfide” has attracted attention as 

previous study [1]. Most of the sulfides have a low 

coefficient of friction because they are easily formed 

into a shear fracture due to a layered structure. Sulfides 

also have properties such as thermoelectric properties 

that can convert heat into electricity. By applying this 

property, there is the possibility of effectively utilizing 

the heat generated in the sliding portion as previous 

study [2]. In other words, it can be said that the sulfide 

is a clean material which can substitute a material 

having a large environmental load and reduce the 

frictional heat. Based on this background, this study 

aims to synthesize sulfide having solid lubricity, and to 

evaluate its synthesis process and its functionality. 

 

2. METHODOLOGY 

2.1 Synthesis of sulfides 

At first weighed and mixed the metal powder and 

the sulfur powder according to the stoichiometric ratio. 

Then, the mixed powder was vacuum sealed in an 

ampoule tube and heated in an electric furnace for 12 

hours to synthesize a sulfide. The types and synthesized 

temperatures of the synthesized sulfides are shown in 

Table 1. 

 

 

 

Table 1 Synthesis temperature. 

Type Cu2S Cu5FeS4 SnS TiS2 

Temp. [K] 473 473 623 873 

 

2.2 Preparation of friction specimen 

From Figure 1, the synthesized sulfide was 

pulverized in a mortar and the size of sulfide powder 

was uniformed to 63 μm or less using a classifier. Two 

kinds of specimens were prepared: One is “sulfide only 

sintered body” and the other is “sulfide dispersed bronze 

sintered body”. The sintering conditions are shown in 

Table 2. 

 

Table 2 Sintering conditions. 

Environment Vacuum 

Molding pressure 250 MPa 

Sintering temperature 973 K 

Temperature rise time 20 min 

Sintering time 40 min 

Bronze powder S91-325# 

 

 
Figure 1 Sulfide dispersed in a specimen. 

 

2.3 Friction test 

For the friction test, a journal type high speed 

testing machine was used as shown in Figure 2. The 

friction coefficient is calculated from the amount of 

deformation of the strain gauge at positions from  to 

 of the octagonal ring shown in Figure 3. The test 

conditions are shown in Table 3. 

 

 
Figure 2 Friction tester.   
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Figure 3 Octagonal ring. 

 

Table 3 Friction test condition. 

Load 
9 N 
(0.88 MPa) 

Specimen  

surface 
Mirror finish 

Speed 1.57 m/s Environment RT, Dry 

Time 
Until 

seizure 
(Max 300 s) 

Material of shaft S45C 

Shaft hardness 650 

 

3. RESULTS AND DISCUSSION 

3.1    Synthesis result 

The SEM image of the synthesized sulfide powder 

is shown in Figure 4. These sulfides were identified by 

X-ray diffraction and confirmed to be synthesized.  

 

 

 

 

 

Cu2S             Cu5FeS4             SnS                   TiS2 

Fig.4 SEM image of synthetic sulfide powder. 

 

Cu2S and TiS2 have a hexagonal crystal structure, 

and Cu5FeS4 and SnS have an orthorhombic crystal 

structure from previous study [3]. Among them, the 

highest thermal stability was exhibited by Cu5FeS4, and 

there was no reaction such as melting even in a vacuum 

high temperature region of 1073 K or more. 

 

3.2    Friction test result 

3.2.1 Sulfide only specimen result 

The friction test results of specimens sintered only 

sulfide are shown in Figure 5. From this result, Cu2S 

and TiS2 show relatively low friction coefficients. It 

might be due to the hexagonal structure of Cu2S and 

TiS2. In general, the hexagonal structure is susceptible 

to sliding deformation and is said to exhibit a low 

coefficient of friction. However, in this test, the melting 

point and hardness of each sulfide are not equal, so it is 

considered that the difference in the sintered state such 

as porosity also influenced the result. 

 

 
Figure 5 Coefficient of friction (only sulfide). 

3.2.2 Sulfide dispersed bronze specimen result 

The relationship between the amount of added 

sulfide and the friction coefficient of the sulfide 

dispersed bronze specimen is shown in Figure 6. From 

this result, it is understood that the friction coefficient 

was reduced as compared with the specimen containing 

no sulfide. In particular, when adding 2 mass% of 

sulfide, low friction coefficient was shown in all 

specimens. From this result, it could be said that the 

synthesized sulfide plays a role of reducing the friction 

between the shaft and the bronze. 

 

 
Figure 6 Coefficient of friction (Sulfide dispersed 

bronze). 

 

Table 4 shows the seizure time of specimens when 

2% sulfide is added. The seizure was judged from 

abnormal noise or occurrence of abnormal vibration. 

From this table, it could be seen that Cu2S and TiS2 have 

a long time to seizure and seizure resistance had 

improved. As shown in Figure 6 and Table 4, the 

specimen added with 2mass% of Cu2S shows a lower 

friction coefficient of about 0.1 and has high seizure 

resistance, so it could be used as a solid lubricating 

material. 

 

Table 4 Seizure time when adding 2mass% of sulphide. 

Sulfide Cu2S Cu5FeS4 SnS TiS2 MoS2 

Seizure time[s] 280 240 150 300 140 

 

Then, the XPS result of the shaft of "when 2 

masses % of Cu2S is added" which is a condition where 

the friction coefficient is lower, and the seizing 

resistance is improved is shown in Figure 7. From this 

result, it could be seen that copper (Cu) and Cu2S are 

transferred to the shaft surface. A thin solid lubricating 

film was formed as Cu2S was transferred to the shaft 

surface, thereby reducing the frictional resistance and 

contributing to the improvement of low friction 

coefficient and seizure resistance. 

 

4. CONCLUSIONS 

Sulfides having the possibility of solid lubricity 

were synthesized and specimens were produced using 

them. Then a friction test was carried out. Based on the 

results, the following conclusions were obtained. 

(a) A sulfide could be synthesized by a simple 

method of mixing a metal powder and a sulfur 

powder with heating in a vacuum state. 

(b) From the friction test results, the specimen 

containing the synthesized sulfide had reduced 

the coefficient of friction and indicates a 

particularly low value when added about 2 

mass%. 

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0 20 40 60

F
ri

ct
io

n
 c

o
ef

fi
ci

en
t 

[-
]

Time [s]

0
0.05

0.1
0.15

0.2
0.25

0.3
0.35

0% 2% 4% 6% 8% 10%

F
ri

ct
io

n
 c

o
ef

fi
ci

en
t 

[-
]

Addition amount of sulfide [mass%]

Cu₂S

Cu₅FeS₄
SnS

TiS₂

MoS₂(Commercial)

1 μm 

Bronze 

SnS 

Cu5FeS4 

Cu2S TiS2 



Ishikawa et al., 2018 

37 

 

(c) From the results of XPS analysis of the shaft of 

Cu2S test, it was found that Cu2S was 

transferred to the shaft. From this result, it is 

considered that the improvement of the low 

friction coefficient and the seizure resistance 

by the addition of the sulfide is to form the thin 

sulfide film between the shaft and the bronze to 

suppress the adhesion caused by the metal 

contact. 

 

 

Figure 7 Chemical state analysis of shaft by XPS. 
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