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Abstract 

Al-Pb alloys are used as bearing due to their desirable bearing properties. Improving the 

mechanical properties of this alloy is the main objective of this research. In present work 

three types of powders of  Aluminum(as base metal) with 10% lead  and 4.5% copper by  

weight mixing by mechanical alloying  process using ball milling for the period two 

hours. Homogenous distribution of powder was achieved. Five different compacting 

pressures, three different sintering temperatures and various duration times through 

sintering step had been selected; Vickers micro hardness, compressive strength and 

microstructure (optic microscope, SEM and EDX) were tested to achieve an optimum 

condition to manufacture this alloy.   Two methods were selected to enhance the obtained 

optimum  mechanical  properties; First, artificial aging process showed increasing in 

mechanical properties(22% for hardness and 24% for compressive strength), second, the 

addition of  SiC  powder in different percentage weight(5,10,and 15%) which increased 

the hardness with increasing the additive percentage reached to 44% with maximum 

addition   , in the other hand compressive strength decreased with increasing percentage of 

the  addition . 

Keywords: AI-Pb alloy, mechanical alloying, artificial aging,  SiC powder

1. Introduction 

Bearing alloys are mainly based 

of Aluminum – Lead alloy used 

Pb phase as a lubricant 

component. Generally, 

homogeneous and disperse 

distribution of soft phase in Al 

matrix used as a lubricant which 

is enhancing wear properties.[7]. 

Wide variety of application for 

Aluminum alloys are used as 

bearing due to their desirable 

bearing properties. Steel-backed 

and solid aluminum bearings are 

employed as supporting rod to 

main bearings in internal 

combustion engines and 
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industrial compressors. Other 

examples for aluminum bearing 

applications are in heavy 

tooling, such as boring mills, 

presses, lathes, milling 

machines, and grinding mills, 

and hydraulic pumps.[4]. 

Mechanical milling involves the 

use of compressive force with 

shear or impact force to effect 

the reduction of particle sizes of 

bulk materials. This is 

sometimes referred to as 

mechanical alloying or ball 

milling. New alloys have been 

successfully produced by using 

ball milling process for powder 

material particles. [5] . Unique 

advantages for mechanical 

alloying when it is applied to 

special alloys, such as 

Aluminum–Lead alloy, which 

have a strong tendency for 

sedimentation related to the high 

difference in the density and the 

mutual immiscibility of the 

component constituted of the 

systems. This structure obtained 

by mechanical alloying is much 

finer when compared with other 

methods such as rapid 

solidification, stir cast, rheo cast, 

and powder metallurgy (P/M). 

Superior properties for 

composite materials have been 

produced by ball milling.[6]. A 

new Al–base bearing alloys 

were used . In these alloys, Lead 

is used as the soft phase in its 

mixture. Wear properties 

improved when the soft phase in 

aluminum matrix spreader 

homogenously. Engines working 

at high temperatures required 

materials that withstand this 

higher temperature when 

compared with classic bearing 

materials such as Cu–Sn–Pb or 

Al–Sn. So Al–Pb alloys used as 

a solution for this problem.[1]. 

The mechanical alloying method 

was used to produce Aluminum 

as base metal with 10%Pb and 

4.5%Cu by mixing them in a 

ball mill for two hours and 

pressed with various pressures 

and different sintering 

temperatures. The result showed 

that the sintering temperature is 

the main effective on the 

properties.[3]. Sn and Pb was 

used as a soft phase in aluminum 

base bearing alloys. The results 

indicated that Pb provides better 

uniformity in structure as 

compared to Sn for Al based 

alloys.[4].Authors applied the 

mechanical alloying process for 

producing Al–Pb alloy. 

Conclusions of this study were 

that the hardness, strength, and 

wear resistance of previous alloy 

were increased, almost twofold 

and ensures excellent high-

temperature strength.[2]. X-ray 

diffraction and transmission 

electron microscopy analysis 

was used to study the coarsening 

behavior of lead  phase in two 

alloys namely Al–10%Pb and 
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Al–10%Pb–4.5%Cu alloys. The 

results demonstrated that the 

coarsening rate of Pb Nano 

phase decreased when adding 

Cu to the mixture where the 

grain size of Pb increases with 

the increasing of heating 

temperature.[10].Researchers   

investigated the effect of weight 

fraction of SiC (5% 10% 15% 

20% and 30%) on Al alloy using 

mechanical alloying process. 

Results showed that an 

improvement in hardness and 

compressive strength with 5 to 

30 weight % of SiC.[8]. The 

hardness and wear 

characteristics of Al6061-SiC 

composites containing three 

different weight percentages 5%, 

10%, and 15% of SiC produced 

by powder metallurgy method 

were investigated . It found that 

the hardness of 15% of SiC 

composites is more as compared 

to 5 and 10 % of SiC 

composites. The composites 

were shown a lower rate of wear 

with 15% SiC . [9] 

The aim of this work is 

improving the mechanical 

properties of aluminum–lead 

alloy using two different 

methods: artificial aging 

process, and addition of SiC 

particles at different percentage 

weights. 

 

2. Experimental work 

Experimental work were 

divided into two parts; the first 

one included the manufacturing 

of alloy and the second deals 

with the enhancing the 

mechanical properties and 

microstructure by two methods, 

artificial aging process and 

additive of micro SiC powder. 

Three types of metals Al, Pb, 

and Cu with different particle 

size (20, 25, and 95respectively) 

were used. These metals were 

mixed together with specific 

weight percentage 

(85.5%Aluminum, 10%Lead 

and 4.5%Copper). Powder 

mixture were mixed in a 

stainless steel vial used 

hardened steel balls in a ratio of 

powder to steel ball (p/b)equal 

to (1/10) milled in a planetary 

mill with rotation speed 250 

rpm with protective Argon 

atmosphere for two hours.  The 

powder produced by milling 

was compacted by a hydraulic 

press (200, 250, 300, 350 and 

400 MPa) to produce billets 

with rectangular cross section 

(15×15mm2). The billets were 

sintered at different 

temperatures (450, 500 and 550 
°C) with various soaking time 

(30, 45 and 60 minutes) in a 

tube furnace with Argon 

protective (2 L /minute flow 

rate) For improving the 



          

  83 

 

Prof. Dr. Adnan N. Abood         Association of Arab Universities Journal of Engineering Sciences 

Prof.Dr.Nabeel kadim Abid Alsahib                                                          NO. 2    Volume. 25     Year. 2018   
Suhair Ghazi Hussein 

microstructure and mechanical 

properties of the alloy, aging 

process, and addition of SiC 

were selected. Al-Pb alloy 

recorded maximum 

compression strength exposed 

to age hardening which 

included  heating  the alloy to 

500 °C for  1hour , quenched in 

water at room temperature , 

then age at 200 °C for two 

hours.   

SiC powder with average grain size 

(3µm) were added to Al-Pb-Cu 

alloy with different weight 

percentages (5, 10, and 15%).The 

mixture were mechanically alloyed 

by ball milling with the same 

conditions. The produced powder 

were compacting and sintering at 

optimum condition that obtained. 

Compressive strength, Vickers 

micro hardness test and 

microstructure examination were 

employed to assess the alloys. 

3. Results and Discussion  

Powders were used had been 

examined by SEM method 

.Figures (1-3) showed the SEM 

of Al, Cu, and Pb, respectively . 

Fig.4 showed the mixing of 

powders after two hours. 

 
Fig.1 SEM of AL powder 

 

Fig. 2  SEM of Cu powder 

 

Fig. 3  SEM of Pb powder 
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Fig. 4  SEM of alloyed powder 

The results of compression test 

show that the higher compacted 

pressure registered the higher 

compression strength for all 

sintering temperature. Fig .5 

 

Fig .5 Compression strength verses 

pressing pressure in three different    

temperatures 

This is owing to increase 

homogenous and consolidation 

between particles with 

increasing pressing pressure. 

Also it can be seen that the 

compressive strength decreases 

with increasing the 

temperature. This attributes to 

grain growth .It can conclude 

that the temperature of 450 °C 

carried out higher strength. The 

compressive strength rose with 

decreasing soaking time 

Table.1 At this temperature the 

grain take enough time to 

recrystallize and subject to 

grain growth, so 30 minutes 

gives higher strength. 
Table 1: Compression Strength at  

Different Soaking Time at 450 °C 

 

The hardness of alloys was 

increased with increased 

Pressing pressure at each 

temperature Fig.6. This could 

explained that the hardness 

values more dependent on 

adhesion between particles 

during compacting process , so 

with lower pressing pressure 

the bonding strength between 

grains are weakened and some 

porous could be noticed . As 

pressing pressure raised, the 

bonding between particles was 

increased and the alloy 

became harder.   Hardness that 

decreased with increasing 

Soaking time 

(minute) 

Compression strength 

(MPa) 

30 192 

45 168 

60 158 
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temperature, also affected by 

sintering time, where 

increased with lowering 

soaking time .Table .2. 

 

        Fig.6. Micro hardness verses pressing  

pressure 

 

Table.2 Micro hardness at 

Compacting  Pressure 400 MPa and 

Sintering  Temperature 450 °C 

The duration of soaking time 30 

minute at 450 °C, recorded 192 MPa 

as compression strength and 50 HV 

hardness. This condition which gives 

an optimum results, so it can be 

called an optimum condition.  Fig. 7 

shows the microstructure of this 

condition which can recognize the 

alloying elements (Al, Pb, and Cu) 

clearly.  

Fig.7. Microstructure of Al-Pb-Cu alloy 

at           optimum condition 

SEM and EDX of AL-Pb –Cu alloy 

Fig. 8 indicate, that the formation of 

a hard intermetallic compound 

(Al2Cu) which may the reason of 

enhancing mechanical properties. 

 

 

 

 

Soaking time 

(minute) 

Vickers Micro hardness 

(HV) 

30 50 

45 48 

60 47 
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Fig.8. SEM & EDX for alloy at optimum 

condition 

After aging process which is the first 

method of improving the mechanical 

properties , the micro hardness and 

compression strength of the alloy are 

61HV and   238   MPa respectively , 

so the values of improving 

percentages  calculated from the 

following formula  

𝑛𝑒𝑤 𝑣𝑎𝑙𝑢𝑒 − 𝑜𝑙𝑑 𝑣𝑎𝑙𝑢𝑒 

𝑜𝑙𝑑 𝑣𝑎𝑙𝑢𝑒 
       

× 100%                            (1) 

The microstructure can be seen from 

Fig. 9, we can see homogenous 

distribution phases, and fine grains 

which may relate to enhance the 

mechanical properties.  

 

Fig.9. Microstructure of alloy after aging 

process 

Fig. 10 showed the SEM of SiC 

powder that added to constitutes for 

improving the mechanical properties.  

Fig. 10.  SEM of SiC powder 

 

The results showed that the 

micro hardness increased with 

increasing the percentage of 

addition as shown in Fig.11, and 

the maximum addition of SiC 

powder indicate 72 HV, that is 

mean the   percentage of 

improvement of micro hardness 

is 44%. 
 

Fig.11 Micro hardness verses 

percent weight of SiC powder 
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The results of compression strength 

for produced alloy is showed that 

the increasing of percentage of SiC 

powder associating with lowering 

down in compression strength as 

shown in Fig .12  This is due to the 

particle shape of SiC powder was 

not spherical or rounded as shown 

in Fig. 10, and the particles have 

sharp edges. These sharp edges 

which caused stress concentration, 

leading to reduce the strength. 

 
Fig.12. Compressive strength verses 

percentage weight of   SiC powder 

Fig.13 showed the SEM of the 

produced alloy with 15% SiC 

powder additive. The SiC particles 

indicated in figure through the 

main matrix alloy. 

 

Fig.13. SEM for alloy at 15 % SiC 

powder 

4.    Conclusion  

From present work, the main 

conclusions obtained as following: 

1- Mechanical alloying technique 

produces homogenous and 

uniform distribution of Pb 

particles in aluminum matrix, 

so it is considered that the 

mechanical alloying technique 

is an alternative and most 

effective method to produce 

Al-Pb base bearing alloys. 

2- The effect of compacted 

pressure on mechanical 

properties is more important, at 

compacted pressure increase, 

the mechanical properties 

increased too. 

3- Although of significant of 

compacting pressure but 

sintering temperature is most 

effective parameters on 

mechanical properties of 

produced alloy. It was 

obviously, lowering the 

duration time of sintering gives 

better mechanical properties. 

4- Artificial aging process 

enhanced the mechanical 

properties of Al-Pb alloy 

(compressive strength and 

micro hardness) 24% and 22% 

respectively percentage of the 

enhancement, this enhancement 

will lead to improving wear 

properties. 
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5- Addition of SiC powder in 

different percentages raised the 

micro hardness, the maximum 

additive led to 44% 

enhancement. 
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 الخلاصة :

ي رصتتتكس نستتتلمني  سك تتتو  ستتتلي    مصتتتاك م  ر  لتتتي  اتتتسم م  تتتر   م اتتتس  م ر مستتت-تستتتت سب ستتتلمني م   متتت ب
    تتتذ  تتتسم م لستتتن  تتت  تسستتتمذ  تتت مس  تتتسا م ستتتلمني   وتتتي م لستتتن مستتتت س      تتتي م تتت م   تتتذ م  ستتتكسم  ت تتت 

%  ستتتتكس ن ستتتت(    متتتتي ي ة  لختتتت  لخرم تتتتي م  لتتتتخ 4.5% رصتتتتكس   10)م   متتتت ب ن  صتتتتر ر مستتتتي  تتتت  

ت  متتتت   منتتتك مني لكستتتت سمب نتتتترم  و رسمتتتي  مستتتتت ر  س لمتتتي م  لتتتتخ   تتتسي ستتتكستمذ    تتتتت  ستتتذ  تتتتسا م   لمتتتيم  
مس  تجتتتك س  ل ستتتكسم  م  ستتتت س ي   مستتتت س     تتتس  تتتمب  تتت  خ   تلجتتتي  نتتتلس م  ستتتس   م  تتتكت  تل اتتتك تس تتت

 تتتمس  تتتتب متتتي م تسم  ختتت  م  كتجتتتي ستتتذ م نتتتلس لتتت  ن سرجتتتك  سرمرمتتتي   تلجتتتي   جتتتترم     متتتي   تلجتتتي م  تتتك  س ل
مجتتتترم  م جس صتتتتك  م   تلرمتتتتي  ت تتتت  ي وستتتتس صتتتت سي ومنتتتتر  ة   ك  تتتتي مر  تتتت كخ    م جستتتتس م  جاتتتتر  

ن ت تتتت ذ ر تلتتتتكر م  ختتتت  م  كتجتتتتي  م تمتتتتكر م جتتتتر   م   لتتتتج ر تتتتتك   تتتتسا م ستتتتلمني   م جتتتت   م  تتتتك ي  تتتتذ م لستتتت
م ت تمتتت   )ج  تتتي   ك لتتتي سرمرمتتتي س لمتتتك  تسستتتمذ  تتت مس م ستتتلمني م  كتجتتتي لكستتتت سمب ختتترم تمذ   م خرم تتتي مر  تتت

ي مرصتتتتخ كسي ي  مجاتتتتر   تك جاتتتتك  متتتتكسي  لس جتتتتي وتتتتي م  تتتت مس م  منك منمتتتتي سمتتتتن م سمس  م صتتتت سي ل ستتتتل
 %   م خرم تتتتتي م  ك متتتتتي ت تتتتت    م تتتتتكوي س تتتتتك   نكرلمتتتتتس م ستتتتتلمن ذ24% ة    ك  تتتتتي  مر  تتتتت كخ ل ستتتتتلي 22

ر م تتتتج م صتتتت سي ل متتتتكسي  ستتتتلي مر تتتتكوي  صتتتت % ي مس  مر تتتتكوي م تتتتج  متتتتكسي  15ة  10ة  5لتتتتك  مذ   تلجتتتتي ) 
صتت   تت  %  متتكسي ل ستتلي م صتت سي  تت  مسلتتج  ستتلي م تتكوي ة  تتذ م جاتتي مر تتر  وتتكذ   ك  تتي مر  تت كخ ت ك 44

  مكسي  سلي مر كوي   
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