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CHAPTER 6  

 SUMMARY AND CONCLUSIONS 

The purpose of this research was to study the tribological performance of the 

eutectic Al-Si alloys with the potential for use in the manufacturing of linerless 

automotive engine blocks. The microstructures and wear performances of engine blocks 

made of two eutectic Al-Si alloys with different Si morphologies and dendrite arm 

spacing were characterized after engine tests. In addition, dry sliding wear tests on a 

selected eutectic Al-11% Si alloy were conducted using a block-on-ring (SAE 52100 type 

steel) configuration under controlled air and argon atmospheres to gain a deeper 

understanding of the wear behaviour of near eutectic alloys. 

6.1       Microstructures and Wear Performances 

1) The brass-chilled Al-Si alloy had a finer microstructure with more spheroidized 

Si particles at a lower aspect ratio than the sand-cast Al-Si alloy. The brass-

chilled Al-Si alloy also had shorter dendrite arm spacing. 

2) Overall, both Al-Si alloys provided similar wear performance, as determined by 

metallographic examinations of the samples after they had been subjected to 

engine tests.  

6.2     Dry Sliding Wear Behaviour of Al-11% Si Alloy under Dry Air and Argon   

Atmospheres and Their Wear Mechanisms 

1)  Two different wear regimes were identified in the load range between 0.2 N and 

180 N in an air atmosphere:  mild wear (MW) and severe wear (SW). The mild 
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wear regime consisted of two sub-regimes: MW-1 and MW-2. The transition 

from MW to SW occurred at a load of 160 N.  

2) The wear process under dry air in the mild wear regime was controlled by the 

formation and destruction of tribolayers composed of Fe, Al, Si, and O on the 

worn surfaces. When the load increased, the tribolayers changed from Fe-riched 

to Al-riched oxidized tribolayers, and the debris shape changed from powder to 

plate-like particles with an increase in size that corresponded to the transition 

from MW-1 to MW-2. 

3)  The tests performed in an argon atmosphere resulted in the attainment of low 

mild wear (LMW) rates, which were approximately an order of magnitude lower 

than those observed in dry air (5% RH) at loads below 10 N. LMW in argon was 

found to be a result of deformed, smooth, and continuous Al-(Si) tribolayers. 

4)    The MW observed in a dry air atmosphere produced lower wear rates for the Al-

11% Si compared to those of the Al-18.5% Si alloy [16]. The load at which the 

transition from MW-1 to MW-2 occurred was however lower than for the A390, 

and the transition loads to the severe regime in A390 was 150N lower than that 

in the Al-11% Si alloy. Under the argon atmosphere, there was little difference 

between these two alloys. 

5)  At a low load (in MW-1) in an air atmosphere, the wear mechanism is oxidative. 

In MW-2, the wear mechanisms included delamination and Al transfer.  

Compared to the air atmosphere, the tribolayers were uniform and stable in the 

argon atmosphere, resulting in low wear rates. The mechanism of material 

removal under the argon atmosphere was delimination. Wear was also more 
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sensitive to applied load in the argon atmosphere because the thermal softening 

dominates the wear process in the competition between strain hardening and 

thermal softening that occurs at the contact surface.  

6.3      Suggestions for Future Work 

Lubricated sliding wear tests on eutectic Al-Si alloys are necessarily conducted 

using a block-on-ring configuration to obtain a deeper understanding of the wear 

behaviour in real-engine work condition. Using the sample with curvature can be well 

simulating real-engine work condition in lab (already had some progress during my 

research). It is economical and practical for providing valuable information to develop 

automotive engine alloys. 
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Appendix 

Wear test results in air and in argon 

Load(N) 11%Si wear rate  in air 

(mm
3
/m) 

11% Si wear rate in argon 

(mm
3
/m) 

0.2 1.84E-05  

0.5 6.43E-05  

1 1.26E-04 1.84E-05 

2 1.38E-04  

3 1.84E-04  

4 2.51E-04  

5 2.88E-04 2.76E-05 

6 3.03E-04  

7 3.12E-04  

8 3.37E-04  

9 3.52E-04  

10 3.77E-04 3.06E-05 

20 9.28E-04 1.41E-04 

30 1.61E-03 1.84E-04 

40 2.17E-03  

50 2.17E-03 1.59E-03 

60 2.43E-03 4.01E-03 

70 2.66E-03  

80 2.75E-03 2.80E-03 

90 4.00E-03  

100 4.66E-03 7.39E-02 

110 5.05E-03 8.20E-02 

120 5.39E-03  

130 6.38E-03  

140 6.72E-03  

150 6.76E-03  

160 6.81E-03  

170 9.45E-01  

180 9.40E-01  
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