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Abstract 
Wear behaviour of sand cast Cu-11Ni-6Sn alloy was studied using pin-on-disc wear tester with alloy steel disc as counterpart on 

dry sliding wear conditions. The alloy was prepared from pure elements and melted in an electric furnace under argon 

atmosphere and cast into sand moulds. The cast rods were homogenized, solution heat treated and aged. Specific wear rate and 

coefficient of friction were measured in a sliding speed of 191 rpm, 287 rpm and 382 rpm and different normal forces of 10 N, 15 

N and 20 N. Hardness of the specimen was found to increase by the aging process and it reached its maximum value, after which 

it decreased. The specific wear rate was found to increase with the increase in normal load and it decreased with the increase in 

speed. Co-efficient of friction is independent of hardness of the alloy and dependent on both applied load and speed. The strength 

of the material is increased by a technique called spinodal decomposition and aging process. In the case of Cu-Ni-Sn system the 

various alloy composition was not tested for tribological behaviour. Only few alloy compositions are studied. So in this case we 

have taken Cu-11Ni-6Sn alloy composition. The products made by Cu-Ni-Sn alloy is less costlier compared to Cu-Be products 

without health hazard and used as high performance connector materials in electronics applications, bearing material in 

aerospace and mining industries, friction-reducing and anti-wear materials to make high performance bearings for aerospace, 

roller cone, rock bit and heavy duty mobile industrial equipment.  
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1. INTRODUCTION 

Copper alloys are extensively used as bearing materials 

against ferrous alloys. They have outstanding sliding wear 

resistance due to their high tribological compatibility in 

opposition to ferrous alloys. The high thermal conductivity 

of the copper alloys can dissipate friction heat; hence they 

are more appropriate for many engineering applications [1]. 

It is well recognized that Copper-Beryllium (Cu-Be) alloys 

are used in high strength applications. The strength of these 

alloys is obtained through cold work, precipitation 

hardening and age hardening treatment. But it is harmful 

and costly [2-3]. In order to address these problems, 

spinodal Bronze alloys are considered as appropriate 

substitutes for Cu-Be alloys. Spinodal Bronze comprises of 

the alloy composition of copper-nickel-tin (Cu-Ni-Sn), 

which attains high strength through solution heat treatment 

and aging process. During the solution heat treatment 

process, the alloy decomposes spinodally, forming a 

modulated microstructure [4-5]. In addition to this, aging 

process leads to the formation of ordered structures, which 

provide high strength to Cu-Ni-Sn alloys [6]. Processing the 

Cu-Ni-Sn alloys with suitable composition, % cold work, 

aging temperature and time will provide strength nearly 

equivalent to Cu-Be alloys. 

 

In this study, an alloy of composition Cu-11Ni-6Sn was 

chosen. The effect of aging temperature on hardness and the 

wear behaviour was studied.  

2. EXPERIMENTAL PROCEDURE 

The raw materials required to prepare the alloy was 

procured in pure form from the commercial market. The 

wooden pattern was used to make the alloy rods to the 

required dimension. Sand mould was prepared with the help 

of wooden pattern. The appropriate composition and 

quantity of the raw materials was melted at 1250 ºC under 

inert Argon atmosphere using electric furnace. The molten 

metal was poured into sand mould. The cast rods of 

diameter 0.016 m and length 0.150 m were taken out from 

the mould after solidification. All the cast rods were 

homogenized, solution heat treated and aged. 

Homogenization was carried out at 825 ºC for 10 hours. 

Solution heat treatment was performed at 825 ºC for 1 hour 

and rapidly quenched in cold water maintained at room 

temperature. After solution heat treatment, aging was done 

at 350 ºC. During the aging process, at one hour interval one 

cast rod was withdrawn from the furnace and cooled 

normally. From these heat treated rods, specimens were 

prepared to conduct hardness test and wear test. 

 

The hardness of the specimens were tested using Vickers 

micro-hardness tester (Make: Mitutoyo; Model: HM-210A). 

The wear properties were studied by using Pin-on-Disc wear 

tester (Make: Ducom Instruments; Model: TR20). The wear 

loss was expressed in terms of specific wear rate (mm
3
/Nm) 

by finding the volume loss (mm
3
) and then divided by 

sliding distance (m) and applied load (N).  The specimen 
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size used was Ø 0.01 m × 0.04 m length. The wear test was 

performed at three loads such as 10 N, 15 N and 20 N and at 

three speeds 191 rpm, 287 rpm and 382 rpm. The sliding 

track diameter was 0.09 m and the specimen sliding duration 

was 10 minutes. 

 

3. RESULTS AND DISCUSSIONS 

3.1 Hardness 

Figure 1 shows the variation of the Vickers hardness of the 

specimen when it was aged from solution heat treated 

condition to 5 hours. The plot shows that the hardness 

increases from 238 HV to 410 HV and then decreases to 389 

HV during the aging process. The maximum hardness was 

obtained at 4 hours of aging time. Beyond that, it started to 

decrease. At zero aging time, the specimen was in solution 

heat treated condition. Spinodal decomposition started to 

occur at this stage, forming a modulated microstructure. 

When aging started, in addition to spinodal decomposition, 

an ordering reaction also took place, which increased the 

hardness of the alloy. For this alloy composition, the 

ordering reaction was completed at 4 hours of aging. Further 

aging resulted in the formation of grain boundary 

precipitates, which reduced the hardness of the alloy. It was 

reported that the modulated structure and the ordered 

structures are not visible through optical microscope. The 

behaviour of the hardness with aging time was consistent 

with that of previous reports [3, 7-8]. So it may be 

concluded that during the aging process, the hardness of the 

alloy increases, which is due to microstructural changes. 

 

 
Fig1: Variation of hardness with aging time, aged at 350 ºC 

 

3.2 Specific Wear Rate versus Load 

To find out the specific wear rate, each aged specimen was 

tested for 10 N, 15 N and 20 N normal loads while sliding 

speed was kept constant (191 rpm). From Figure 2, it was 

observed that the specific wear rate increases as the normal 

load increases from 10 N to 20 N. The same behaviour was 

observed when the sliding speed was changed to 287 rpm 

and 382 rpm as shown in Figure 3 and Figure 4 respectively. 

It is due to the fact that, as increase in normal load triggers 

more frictional heat generation at the contact surface, which 

results in reduction of the strength of the material [9]. 

Hence, it may be concluded that the specific wear rate 

increases when the normal load increases. But this may not 

be true for all loads. Initially, the specific wear rate 

increases up to certain loads and then remains constant [10]. 

This behaviour is due to the strain hardening effect at the 

contact surface. Further, from the Figure 2, it was found that 

the specific wear rate varies with aging time. At four hours 

of aging, the specific wear rate is minimum, which is due to 

maximum hardness of the alloy at this aging time. Hence, it 

may also be concluded that the specific wear rate is a 

function of the hardness of the alloy. 

 

 
Fig2: Variation of specific wear rate with load for aging 

time up to 5 hours (Speed = 191 rpm) 

 

 
Fig3: Variation of specific wear rate with load for aging 

time up to 5 hours (Speed = 287 rpm) 

 

Figure 5 shows the specific wear rate of four hours aged 

specimen as a function of applied load for different sliding 

velocities. It can be observed that the specific wear rate 

increases in all cases with the increase of applied load and 

the decrease of sliding speed. Hence, it may also be 

concluded that the specific wear rate will be dependent on 

both the load and the sliding speed. 
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Fig4: Variation of specific wear rate with load for aging 

time up to 5 hours (Speed = 382 rpm) 

 

 
Fig5: Variation of specific wear rate with load and speed 

 

3.3 Specific Wear Rate versus Speed 

In this case, each aged specimen was tested for 191 rpm, 

287 rpm and 382 rpm while the load was kept constant (10 

N). From Figure 6, it was observed that the specific wear 

rate decreases as the speed increases from 191 rpm to 382 

rpm. This is due to the fact that the duration of sliding (10 

minutes) is same for all sliding speeds and hence the length 

of sliding is more in case of higher speed [9]. The same 

behaviour was observed when the load was changed to 15 N 

and 20 N as shown in Fig. 7 and Fig. 8 respectively. Hence, 

it was concluded that the specific wear rate decreases as the 

speed increases. Further, it was observed that the specific 

wear rate was least at four hours of aging. It is due to the 

attainment of maximum hardness of the alloy at this aging 

time. Hence, specific wear rate is a function of the hardness 

of the alloy as stated above. 

 

 
Fig6: Variation of specific wear rate with speed for aging 

time up to 5 hours (Load = 10 N) 

 

 
Fig7: Variation of specific wear rate with speed for aging 

time up to 5 hours (Load = 15 N) 

 

 
Fig8: Variation of specific wear rate with speed for aging 

time up to 5 hours (Load = 20 N) 

 

3.4 Coefficient of Friction versus Hardness 

The coefficient of friction (COF) is a significant factor in 

understanding the tribological behavior. The plot of the COF 

with the hardness is shown in Figure 9 for the all the 

specimen loaded with 10 N at a speed of 191 rpm. It was 

found that the COF value marginally varied with the 

hardness of the alloy. The same result was obtained for other 

values of the load (15 N and 20 N) and speed (287 rpm and 

382 rpm). It is in agreement with the previous reports [3], 

[7] and [8]. Hence it can be concluded that the COF is 

independent of the hardness of the alloy. 

 

 
Fig9: Variation of COF with hardness of the alloy aged for 

different times 
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3.5 Coefficient of Friction versus Load 

A plot was drawn (Figure 10) between COF and the applied 

load of the specimen aged for 4 hours, run at 191 rpm and 

having hardness value of 410 HV. It was seen that there was 

a decrease in the COF value. It may be due to the fact that 

the friction force increases with increase in load, however, it 

is not proportional to the increase in the load [14]. It was 

also reported that the increased surface roughening and a 

large quantity of wear debris were believed to be responsible 

for the decrease of friction with the increase of normal load 

[9]. This indicates that the COF is fairly dependent on 

normal load. Similar trend in the COF versus load was 

observed in other specimens also. 

 

 
Fig10: Variation of COF with applied load of the alloy 

 

3.6 Coefficient of Friction versus Speed 

A plot was drawn (Figure 11) between COF and speed (in 

rpm) of the specimen aged for 4 hours, loaded at 10 N and 

having hardness value of 410 HV. It was found that there is 

a decrease in the COF with the increase of sliding speed. It 

may be due to the variation in the shear rate, which can 

influence the mechanical properties of the mating material 

[9]. The strength of this material was greater at higher shear 

strain rates, which resulted in a lower real area of contact 

and a lower COF in dry contact condition [9]. When the 

sliding velocity was increased, COF was reduced due to 

high interface temperature which might soften the specimen. 

This indicates that the COF is dependent on sliding speed. 

The same behaviour was observed in other specimens also. 

 

 
Fig11: Variation of COF with applied speed of the alloy 

 

 

 

 

4. CONCLUSIONS 

The following conclusions were drawn based on the results 

of this study of Cu-11Ni-6Sn alloy: 

1 During the aging process, the hardness of the alloy 

increased from 238 HV to 410 HV, which is due to 

microstructural changes (Spinodal decomposition 

and ordering reaction). 

2 The specific wear rate increases when the normal 

load increases. But it may not be true for all loads. 

Initially, the specific wear rate increases up to 

certain loads and then remains constant. This 

behaviour is due to the strain hardening effect at the 

contact surface. 

3 The specific wear rate decreases as the speed 

increases from 191 rpm to 382 rpm. This is due to 

the fact that the duration of sliding (10 minutes) is 

same for all sliding speeds and hence the length of 

sliding is more in case of higher speed. 

4 The specific wear rate is a function of hardness of 

the alloy. 

5 Coefficient of friction was independent of the 

hardness of the alloy. 

6 Coefficient of friction was dependent on both the 

applied load and speed. 
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