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ABSTRACT 

This paper presents the results of research on the influence of tempering temperature on the microstructure and 

mechanical properties of the alloy Cu9Al4Fe. The study results showed that the tempering temperature at 350oC 

in 03 hours for hardness is the best (104HRB). The microstructure show that phase little γ2 appeared fine 

dispersed within the matrix which increases abrasion resistant alloys. Moreover, the microstructure has also 

intermetallic phases finely dispersed. According to this heat-treatment process, the fine microstructure was 

obtained, the inter-metallic phase and Fe (δ) were appear, therefore, reduces the grain size and increases the 

wear resistance of this alloy. 
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INTRODUCTION  

Aluminium bronzes is alloy of copper with 4-14% aluminium. A smaller amount of the alloy Ni, Mn, Si, Fe will 

be added to make up the different kinds of aluminum bars with different characteristics of this alloy as: strength, 

hardness [1-3]. Aluminium bronzes, high-strength aluminum (some types can be compared with the average 

carbon steel); good corrosion resistance in seawater and organic acids; high abrasion resistance (when forming 

structure (α + γ) and α, the software-based aluminum bronzes have good abrasion resistance under conditions of 

high pressure); notably point for aluminum alloys that aluminum content from 9-10% or more can heat to 

increase mechanical properties when there was a phase transformation when heated and cooled [4-8]. Referring 

to aluminum bronzes, the 3-component alloy system will include Cu-Al are two main elements, and with the 

addition of a 3rd element, the most common is iron, nickel, manganese, silicon ... additional 3% -5% Fe will 

cause a small shift for Cu-Al phase diagram. Noticing the 3% Fe for expansion in the region will make α-β 

phase with a higher Al content, this refers to the increase in tensile strength due to additional Fe. In case of 

material in equilibrium, concentration of Al always determines whether the alloy has held a separate phase or 

duplex. Intermetallic phases (γ) is released in both single phase alloys provided that duplex and Fe content> 1% 

[9-12]. 

Microstructure in particular the results achieved in general after heat treatment for aluminum bronzes will vary 

widely by aluminum content is the same as the change of the nature of this carbon steel. Unlike steel, the 

tempering temperature for aluminum alloys the transformation temperature will be higher than normal turn, the 

majority fall in the range of 565-6750C (1050-1250oF). In selecting the temperature of tempering need to 
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consider, pay attention to the properties to be achieved and the hardness from quenching previous process [13, 

14]. Tempering time is 2 hours. And with many cases have slowly to avoid cracking furnaces as with products 

such large and complex. The process ended ram, to form aluminum alloys, it is essential to quenching by using 

water guns, spray forms or using fans; the slow cooling in the temperature range of 565-2750C happens process 

divergence β martensite phase (retained after the tempering) to turn brittle phase is the same area (α+γ2). The 

emergence of a significant amount of this phase will reduce the elongation, ductility; reduced resist destruction; 

reduced impact toughness and corrosion resistance in many cases [15, 16]. Often the danger of changing the 

volume will be lower for aluminum alloys containing nickel, the case can also cool the air after the ram. These 

precautions during heat treatment of steel may also consider when heat treated aluminum bronzes. In the  

aluminum alloy as heat treatment, the critical cooling rate is usually smaller than steel, while keeping the heat at 

the required temperature for at least 45 minutes and can hold heat much longer without worrying too about 

oxidative phenomena such as in steel [1, 17-23]. 

 

Figure 1. Phase diagram of aluminium bronzes [24] 

This paper presents the results of research on the effect of tempering time to microstructure and mechanical 

properties of the alloy CuAl9Fe4. 

MATERIALS AND METHODS 

Table 1. Alloy components 

Elements Al Fe Mn Ni Sn Zn Pb Si Cu 

Wt (%) 9.2 3.9 0.1 0.15 0.28 0.96 0.22 0.21 bal 

Process heat treatment:  

After casting samples and conduct thermal cutting process: heating to 850oC retain heat for two hours and then 

quenching in water; Next the sample is ram at 350oC for 01 time periods; 02; 03 and 05h. Microstructure of the 
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sample being studied Axiovert optical microscope 25A, scanning microscope JEOL - JSM 7600F. Mechanical 

properties of the samples are determined on ATKF1000 equipment. 

ANALYSIS 

Microstructures 

Microstructures of casting 

Optical micrographs showing the sample after casting organization consists of two phases: Phase bright α 

(branched), shadows are mixed (α + γ) Crunchy, along with iron-rich phases Fe (δ) intermetallic phases on the 

basis of electronic compounds Fe3Al. 

 

Figure 2. Microstructure of casting 

Microstructures of quenching 

When heated and maintained at 850oC temperature is held α + (α + γ) two-phase switched to the (α + β). Fe3Al 

iron rich intermetallic phases constant. After quenching process, the microstructure was transformed into β 

martensite phase (β → β martensite). Microstructure finally achieved include light phase α, β phase dark areas 

are martensite along with iron-rich intermetallic phases Fe3Al. 
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Figure 3. Microstructure of quenching 

 

 

Element 
Weight 

% 

Atomic 

% 

Cu 88,18 79,47 

Al 7,67 16,27 

Fe 4,15 4,26 

Figure 4. EDS of alloy 

Analysis of 4 found microstructure with elements in the composition Fe. There may be the formation of 

intermetallic phases; however because it is affected by the background with no proven method EDS convince 

intermetallic phase formation during hardening. Moreover, this phase is very small, it is difficult smooth 

accurate analysis by EDS.  
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Figure 5. Xray diagram of sample after casting 

After quenching (Figure 5) shows clearly the appearance of martensite phase β (Cu3Al); In addition there is the 

iron-rich intermetallic phases melt into the background after my form was conducted ram at different 

temperatures. Analysis results showed that: The composition of the alloy phase changes over time tempering 

  

350
o
C – 1h 

 

350
o
C – 2h 
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350
o
C – 3h 

 

350
o
C – 5h 

Figure 6. Microstructure of tempering 

When tempering at 350oC for 3 hours notice including α-phase martensite appear on the tempering. When 

performed at 350oC for 05h ram α phase becomes rough and most proportion. 
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Figure 7. BSED of tempering 

By analyzing images demonstrate the formation BSED phase change α time when different tempering. After 

tempering process with 01 hours, the α-phase is the plate. Increasing the time to 02 and 03h the α phase were 

smaller. There are also small smooth phase-based. Maybe that small grain size will increase the mechanical 

properties of the alloy 

 

Element 

Weight 

% 

Atomic 

% 

Cu 85,87 84,12 

Al 0,11 0,26 

Fe 14,02 15,62 

 

Figure 8. EDS of alloy after tempering (02h) 
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EDS analysis showed intermetallic phases appear after tempering. It is the intermetallic phases appear to 

contribute to increase the hardness and abrasion resistance of the alloy.  

 

Element 

Weight 

% 

Atomic 

% 

Cu 56,42 49,67 

Al 6,23 12,92 

Fe 37,35 37,41 

 

Figure 9. EDS of alloy after tempering (03h) 

Increasing time showed after tempering intermetallic phases becomes more coarse and distributed both within 

the martensite matrix. The intermetallic phase with high hardness; dispersion are contributing to the abrasion 

resistant alloys. 

 

Figure 10. Xray of alloy after tempering (03h) 

At 350°C temperature in two hours (Figure 10): After the ram at 350oC β martensite phase (Cu3Al) converted to 

a β’-phase; while in the matrix appear α-phase (copper rich solution characteristics) - Figure 6b and appear more 

of intermetallic phases is small in size but secreted smooth optical image is not visible. 
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Result of hardness 

 

Figure 11. Hardness diagram 

Analysis results showed that hardness highest hardness value is achieved when the tempering at 350oC for 03h. 

This is explained by the increased time secreted ram intermetallic phase increases the hardness value of alloy. 

CONCLUSIONS 

Determine the hardening phase contribute to improving the mechanical properties of alloys are intermetallic 

phases. Determine the influence of tempering time to hardness of the alloy. Shows the time at 350°C for 03h 

highest hardness values. 
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