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Abstract 
  
In the present work, experimental investigation has been carried out to identify the effectiveness of employing 
Tungsten Disulphide (WS2) in varying quantities (0.5, 1.0 and 1.5% by weight) in commercial lubricant on the wear of 
the sliding surfaces. The block on disk configuration-setup has been used to conduct experiments. The wear of the 
block is measured as its weight loss after the test. The results of the experiments have been reported. 
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1. Introduction 
 

1 The extreme operating conditions of heavy load and 
slow speed prevent the hydrodynamic conditions and 
causes mechanical contact between the tribo pairs 
resulting in wear (S M Muzakkir et al. 2011). Much 
efforts have been made in the past to separate the tribo 
pairs operating in these conditions and many 
alternative technologies have been suggested to 
separate the contacting surfaces (H Hirani, Athre, and 
Biswas 1998, 1999a, 1999b, 2000a, 2000b, 2001; H 
Hirani and Samanta 2007; H. Hirani, Athre, and Biswas 
2001; H. Hirani and Suh 2005; H Hirani 2004, 2005; 
Harish Hirani and Verma 2009; Lijesh and Hirani 2014, 
2015a, 2015b, 2015c; S M Muzakkir, Hirani, and 
Thakre 2015; S M Muzakkir and Hirani 2015c; S. M. 
Muzakkir, Lijesh, and Hirani 2014; Samanta and Hirani 
2006, 2008; Samanta, P Hirani 2007; Shankar, Sandeep, 
and Hirani 2006; Talluri and Hirani 2003). Several 
anti-wear lubricant additives like Zinc, Molybdenum 
Disulphide, Carbon Nano-tubes (Lijesh, Muzakkir, and 
Hirani 2015a, 2015b; S M Muzakkir and Hirani 2014, 
2015a, 2015b; S M Muzakkir, Lijesh, and Hirani 2014, 
2015; S. M. Muzakkir, Hirani, and Thakre 2013), etc are 
effective under mixed lubrication conditions. The 
Tungsten Disulphide (WS2) is also being used as anti-
wear lubricant additive. Chen et al. (Chen and Mao 
2010) reported the self repair principle of ultrafine-
tungsten disulfide particles in green lubricating oil. 
Ultrafine-tungsten disulfide particulates could fill and 
level up the furrows on abrasive surfaces, repairing 
abrasive surface valleys. The ultrafine-tungsten 
disulfide particulates could form a WS2 film with low 
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shear stress by adsorbing and depositing in the valleys 
of the surface, making the surface smoother and the 
FeS film formed in tribo-chemical reaction could 
protect the surface further. 
 The lubricating property of Tungsten Disulphide 
(WS2) is attributed to its layered crystal structure 
providing easy sliding of its lamellae. In the present 
work, experimental investigations have been carried 
out to determine the effect of adding Tungsten 
Disulphide (WS2) as anti-wear additive in a commercial 
lubricant on the wear of the sliding surfaces with 
varying quantities ranging from 0.5% to 1.5% by 
weight. The experiments were conducted on a block 
and disk test setup. The wear of the block is measured 
as its weight loss. The results of the experiments are 
reported. 
 

2. Experimental details 
 

In the present work, wear tests were carried out on a 
block and disk test setup.  
 

 
 

Figure 1 Photograph of block and disk test setup (S. M. 
Muzakkir et al. 2014) 



S. M. Muzakkir et al                           Experimental Investigations on Effect of Tungsten Disulphide..                                                                                                                                                                                 

 

1113| International Journal of Current Engineering and Technology, Vol.5, No.2 (April 2015) 

 

The photograph and schematic diagram of the test 
setup is shown in Fig. 1 and 2.  
 

 
 

Figure 2 Schematic diagram of block and disk test 
setup 

 
The lubricity tester employs a block (made of 
phosphorus bronze material) that slides on a hardened 
steel disk (diameter = 40 mm, width = 15mm), which in 
turn is driven by induction motor. Half of the steel disk 
is immersed in the lubricant tank. The lubricant inside 
the tank is maintained at the desired temperature by 
the help of heaters and thermal cut-off switch. The 
static load is applied on the platform on which the 
block is fixed.  
 The tests were conducted at a load of 70 N, the disk 
was rotated at a speed of 25 rpm corresponding to a 
sliding speed of 5.23x10-2m/sec. The lubricant samples 
were prepared by dispersing the Tungsten Disulphide 
(WS2) particles in a commercial lubricant with CTAB 
(Cetyl trimethylammonium bromide, CH3 

(CH2)15N+(CH3)3Br-) as a surfactant by ultrasonic 
homogenization for duration of one hour. 
           
3. Results and discussion 

 
The experimental wear values were obtained after 
conducting wear tests and are given in figure 3.  
 

 

 
Figure 3 Results of wear test 

 
It is observed from the Fig. 3 that there is substantial 
decrease in the wear of the block when Tungsten 
Disulphide (WS2) is used as solid lubricant additive. 

The minimum wear is observed at the 1.0% (weight 
percentage) of Tungsten Disulphide (WS2). However a 
higher wear was observed when the WS2 quantity is 
1.5% as compared to 1.0% quantity of Tungsten 
Disulphide (WS2). These observations indicate that 
only a certain percentage of Tungsten Disulphide 
(WS2) provides the minimum wear rate. The 
estimation of the desired percent of Tungsten 
Disulphide (WS2) for various operating conditions 
requires exhaustive experimental investigations. There 
is a need to perform molecular dynamic simulation of 
lubricating oil containing the Tungsten Disulphide 
(WS2) to determine the optimum quantity of the 
Tungsten Disulphide (WS2) in the lubricant. Since the 
Tungsten Disulphide (WS2) fills the valleys of the 
surface and forms protective and sacrificial layer on 
the surface, therefore the surface topography affects 
must be incorporated in simulation study. The 
optimum quantity of Tungsten Disulphide (WS2) as 
anti-wear additive is thus dependent upon the nature 
of contacting surfaces and the operating conditions, 
and there is a need to develop complex computer 
dynamic simulation algorithm. 
 
Conclusions 

 
 The wear of the sliding surfaces subjected to heavy 

load and slow speeds is reduced by using Tungsten 

Disulphide (WS2) particles as anti-wear additive in 

lubricant. 

 The minimum wear is observed for certain 

percentage of Tungsten Disulphide (WS2) quantity. 

In the present study 1.0% (by weight) provides the 

minimum wear rate. 

 Further theoretical and experimental studies are 

required to establish the optimum Tungsten 

Disulphide (WS2) quantity under varying surface 

and operating conditions. 
 

References 
 
Goilkar S S, and Hirani H., 2009 ,Design and development of test setup for 

online wear monitoring of mechanical face seals using torque sensor, 
Tribology Transactions, vol. 52, no.1, pp. 47-58. 

Goilkar, S.S. & Hirani, H. 2009, Tribological Characterization of Carbon 
Graphite Secondary Seal Indian Journal of Tribology, vol. 4, no. 2, pp. 1-
6. 

Goilkar, S.S. & Hirani, H. 2009 Tribological Characterization of Carbon 
Graphite Secondary Seal Indian Journal of Tribology, vol. 4, no. 2, pp. 1-
6. 

Goilkar, S.S. & Hirani, H. 2010,Parametric Study on Balance Ratio of 
Mechanical Face Seal in Steam Environment, Tribology International, 
vol. 43, no. 5-6, pp. 1180-1185. 

Hirani, H., 2004. Multiobjective optimization of a journal bearing using 
the Pareto optimality concept. Proceedings of the Institution of 
Mechanical Engineers, Part J: Journal of Engineering Tribology, 218(4), 
pp.323–336.  

Hirani, H., 2005. Multiobjective Optimization of Journal Bearing Using 
Mass Conserving and Genetic Algorithms. Proceedings of the Institution 
of Mechanical Engineers , Part J : Journal of Engineering Tribology, 219, 
pp.235–248. 

Hirani, H., Athre, K. & Biswas, S., 2000a. A Hybrid Solution Scheme for 
Performance Evaluation of Crankshaft Bearings. Journal of Tribology, 
122(4), pp.733–740. 

Hirani, H., Athre, K. & Biswas, S., 2001. A Simplified Mass Conserving 
Algorithm for Journal Bearing under Large Dynamic Loads. 
International Journal of Rotating Machinery, 7(1), pp.41–51.  

17.1 

7.9 

2.4 
3.1 

0

2

4

6

8

10

12

14

16

18

W
ea

r 
(m

g)
 only oil

oil+0.5% WS2

oil+1.0% WS2

oil+1.5% WS2



S. M. Muzakkir et al                           Experimental Investigations on Effect of Tungsten Disulphide..                                                                                                                                                                                 

 

1114| International Journal of Current Engineering and Technology, Vol.5, No.2 (April 2015) 

 

Hirani, H., Athre, K. & Biswas, S., 2000b. Comprehensive design 
methodology for an engine journal bearing. Proceedings of the 
Institution of Mechanical Engineers, Part J: Journal of Engineering 
Tribology, 214(June 1999), pp.401–412.  

Hirani, H., Athre, K. & Biswas, S., 1999a. Dynamic Analysis of Engine 
Bearings. International Journal of Rotating Machinery, 5(4), pp.283–
293. 

Hirani, H., Athre, K. & Biswas, S., 1999b. Dynamically Loaded Finite 
Length Journal Bearings: Analytical Method of Solution. Journal of 
Tribology, 121(4), pp.844–852. 

Hirani, H., Athre, K. & Biswas, S., 2001. Lubricant Shear Thinning Analysis 
of Engine Journal Bearing. Tribology Transactions, 44(1), pp.125–131. 

Hirani, H., Athre, K. & Biswas, S., 1998. Rapid and Globally Convergent 
Method for Dynamically Loaded Journal Bearing Design. Journal of 
Engineering Tribology, 212(3), pp.207–214. 

Hirani, H. & Samanta, P., 2007. Hybrid (hydrodynamic + permanent 
magnetic) journal bearings. Proceedings of the Institution of Mechanical 
Engineers, Part J: Journal of Engineering Tribology, 221(8), pp.881–891.  

Hirani, H. & Suh, N.P., 2005. Journal bearing design using multiobjective 
genetic algorithm and axiomatic design approaches. Tribology 
International, 38(5), pp.481–491. 

Hirani, H. & Verma, M., 2009. Tribological study of elastomeric bearings 
for marine propeller shaft system. Tribology International, 42(2), 
pp.378–390.  

Hirani, H., Athre, K., Biswas, S. (2000), Transient Trajectory of Journal in 
Hydrodynamic Bearing, Applied Mechanics and Engineering. vol. 5, no 
2. 

Hirani, H., T Rao, K Athre and S Biswas, 1997, Rapid performance 
evaluation of journal bearings, Tribology International, vol. 30, no.11, 
pp. 825-834. 

Hirani, H. 2009,Root cause failure analysis of outer ring fracture of four 
row cylindrical roller bearing, Tribology Transactions, vol.52, no.2, 
pp.180-190. 

Hirani, H. & Goilkar, S.S., 2011, Rotordynamic Analysis of Carbon Graphite 
Seals of a Steam Rotary Joint , Book on IUTAM Symposium on Emerging 
Trends in Rotor Dynamics, 253-262, Springer Netherlands. 

Hirani, H. & Goilkar, S.S., 2009,Formation of Transfer Layer and its Effect 
on Friction and Wear of Carbon-Graphite Face Seal under Dry, Water 
and Steam Environments, Wear, vol. 226, no. 11-12, pp.1141-1154. 

Hirani, H. 2009, Online Wear Monitoring of Spur Gear,  Indian Journal of 
Tribology, vol 4, no.2, pp.38-43. 

Hirani, H. & Manjunatha, C. S., 2007,Performance Evaluation of 
Magnetorheological Fluid Variable Valve, Proc. of the Institution of 
Mechanical Engineers, Part D, Journal of Automobile Engineering, vol. 
221, no.1, pp. 83-93. 

Lijesh, K.P. & Hirani, H., 2015a. Development of Analytical Equations for 
Design and Optimization of Axially Polarized Radial Passive Magnetic 
Bearing. Journal of Tribology, 137(January), pp.1–9. 

Lijesh, K.P. & Hirani, H., 2015b. Optimization of Eight Pole Radial Active 
Magnetic Bearing. Journal of Tribology, 137, pp.0245021–7. 

Lijesh, K.P. & Hirani, H., 2014. Stiffness and Damping Coefficients for 
Rubber Mounted Hybrid Bearing. Lubrication Science, 26(February), 
pp.301–314. 

Lijesh, K.P. & Hirani, H., 2015c. The Performance of Hybrid Journal 
Bearing under Extreme Operating Conditions. International Journal of 
Current Engineering and Technology, 5(1), pp.277–282. 

Lijesh, K. P. & Hirani, H. 2015, Design and Development of Halbach 
Electromagnet for Active Magnetic Bearing, Progress In 
Electromagnetics Research C, vol. 56, 173–181. 

 

Lijesh, K. P., and Hirani, H. 2014. Design of eight pole radial active 
magnetic bearing using monotonicity. In Industrial and Information 
Systems ICIIS, 2014 9th International Conference on IEEE, pp. 1-6. 

Lijesh K.P., Harish Hirani, Samanta P., 2015, Theoretical and Experimental 
Study for Hybrid Journal Bearing, International Journal of Scientific & 
Engineering Research, Volume 6, Issue 2, pp. 133-139. 

Lijesh, K. P., S. M. Muzakkir, and Harish Hirani. 2015, Failure Analysis of 
Rolling Contact Bearing for Flywheel Energy Storage Systems., vol.5, 
no.1, pp. 439-443. 

Lijesh K.P. and Harish Hirani, 2015, Shaft Alignment Systems: A 
Comparative Study, vol.5, no.2, pp. 1009-1014. 

Muzakkir, S.M. et al., 2014. Effect of cylindricity on the tribological 
performance of the heavily loaded slow speed journal bearing. Journal 
of Engineering Tribology, 229(2), pp.178–195. 

Muzakkir, S.M. et al., 2011. Tribological failure analysis of journal 
bearings used in sugar mills. Engineering Failure Analysis, 18(8), 
pp.2093–2103.  

Muzakkir, S.M., Hirani, H. & Thakre, G.D., 2015. Experimental 
Investigations on Effectiveness of Axial and Circumferential Grooves in 
Minimizing Wear of Journal Bearing Operating in Mixed Lubrication 

Regime. International Journal of Current Engineering and Technology, 
5(1), pp.486–489. 

Muzakkir, S.M., Hirani, H. & Thakre, G.D., 2013. Lubricant for Heavily 
Loaded Slow-Speed Journal Bearing. Tribology Transactions, 56(6), 
pp.1060–1068. 

Muzakkir, S.M., Lijesh, K.P. & Hirani, H., 2014. Tribological failure analysis 
of a heavily-loaded slow speed hybrid journal bearing. Engineering 
Failure Analysis.  

Muzakkir, S.M. & Hirani, H. (2015), A Magnetorheological Fluid Based 
Design Of Variable Valve Timing System For Internal Combustion 
Engine Using Axiomatic Design, International Journal of Current 
Engineering Research, Vol.5, No.2 (April 2015), pp 603-612. 

Muzakkir, S. M., and Harish Hirani. (2015)Maintenance Free Bearings. 
International Journal of Engineering Research, vol 4, no.3, pp.133-136. 

Muzakkir, S. M., K. P. Lijesh, and Harish Hirani. (2015).Effect of Base Oil 
on the Anti-Wear Performance of Multi-Walled Carbon Nano-tubes 
(MWCNT), International Journal of Current Engineering and 
Technology, vol.5, no.2, pp.681-684. 

Muzakkir, S.M. & Hirani, H. 2015, A Magnetorheological Fluid Based 
Design Of Variable Valve Timing System For Internal Combustion 
Engine Using Axiomatic Design, International Journal of Current 
Engineering Research, vol.5, no.2, pp. 603-612. 

Muzakkir, S.M. & Hirani, H., 2015, Design of Innovative Engine Valve: 
Background and Need, International Journal of Scientific Engineering 
and Technology, Volume No.4 Issue No.3, pp. 178-181. 

Muzakkir, S.M. & Hirani, H., 2015, Design of Innovative Engine Valve, 
International Journal of Scientific Engineering and Technology, vol.4 
no.3, pp. 212-217. 

Nicholls, M.A. et al., 2005. Review of the Lubrication of Metallic Surfaces 
by Zinc Dialkyl-dithiophosphates. Tribology International, 38, pp.15–
39. 

Rao, T. V. V. L. N., Hirani, H., Athre, K., Biswas, S. (2000), An Analytical 
Approach to Evaluate Dynamic Coefficients and Non-linear Transient 
Analysis of a Hydrodynamic Journal Bearing, STLE Tribology 
Transactions, vol. 23, no.1, pp. 109-115. 

Samanta, P. & Hirani, H., 2006. Experimental Study of Magnetic Bearing 
Configurations. In IFToMM 7th International Conference on 
Rotordynamics. Vienna, Austria. 

Samanta, P. & Hirani, H., 2008. Magnetic Bearing Configurations: 
Theoretical and Experimental Studies. IEEE Transactions on Magnetics, 
44(2), pp.292–300.  

Samanta, P Hirani, H., 2007. A Simplified Optimization Approach for 
Permanent Magnetic Bearing. Indian Journal of Tribology, 2(2), pp.23–
34. 

Shah,  H. & Hirani, H. 2014, Online Condition Monitoring of Spur Gear, 
International Journal of Condition Monitoring, vol 4, no. 1, pp.15-22. 

Shankar, S., Sandeep & Hirani, H., 2006. Active Magnetic Bearing: A 
Theoretical and Experimental Study. Indian Journal of Tribology, 
1(July-December), pp.15–25. 

Sarkar, C. & Hirani, H., 2015, Development of magnetorheological brake 
with slotted disc, Proc. IMechE, Part D: Journal of Automobile 
Engineering, DOI: 10.1177/0954407015574204. 

Sarkar, C. & Hirani, H., 2013,Theoretical and experimental studies on a 
magnetorheological brake operating under compression plus shear 
mode, Smart Materials and Structures, vol.22. no.11, art. no. 115032 

Sarkar, C. & Hirani, H., 2013, Synthesis and Characterization of 
Antifriction Magnetorheological Fluids for Brake, Defense Science 
Journal, vol. 63, no.4, pp.408-412. 

Sarkar, C. & Hirani, H., 2013, Design of a Squeeze Film Magnetorheological 
Brake Considering Compression Enhanced Shear Yield Stress of 
Magnetorheological Fluid, Journal of Physics: Conference Series, vol.412, 
no.1, 012045. 

Sarkar, C. & Hirani, H., 2014, Effect of particle size on shear stress of 
magnetorheological fluids, Smart Science. 

Sukhwani, V. K., Hirani, H., 2008,A Comparative Study of 
Magnetorheological-Fluid-Brake and Magnetorheological-Grease-
Brake, Tribology Online, vol 3, no.1, pp. 31-35. 

Sukhwani, V. K., Hirani, H., & Singh, T. 2008, Synthesis and Performance 
Evaluation of MR Grease, NLGI Spokesman, vol. 71, no.10. 

Sukhwani, V. K. & Hirani, H., 2008, Design, Development and Performance 
Evaluation of High Speed MR Brake, Proc. Institute Mech. Engineers., 
Part L, Journal of Materials: Design and Applications, vol. 222, no.1, pp. 
73-82. 

Sukhwani, V. K., Hirani, H., & Singh, T. 2009, Performance Evaluation of a 
Magnetorheological Grease Brake, Greasetech India, vol. 9, no.4, pp. 5-
11. 

Sukhwani, V. K., Hirani, H., & Singh, T. 2007,Synthesis of 
Magnetorheological MR Grease, Greasetech India. 

Talluri, S.K. & Hirani, H., 2003. Parameter Optimization Of Journal Bearing 
Using Genetic Algorithm. Indian Journal of Tribology. 


