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Abstract
Cast Al-25Mg>Si2Cu4Ni alloys have a widespread application, especially in the

marine structures, automotive and aircraft industry due to their excellent properties.
The main alloying elements Si, Cu, Mg and Ni partly dissolve in the primary a-Al
matrix and to some extent present in the form of intermetallic phases. A range of
different intermetallic phases may form during solidification, depending upon the
overall alloy composition and crystallization condition. Their relative volume
fraction, chemical composition and morphology exert significant influence on

technological properties of the alloys.

Keywords: hardness, flow stress, plastic deformation,precipitates and friction

coefficient.

1. Introduction

4000 series of Aluminium alloys with silicon as the major alloying element are mostly
cast alloys. Most of the Al-Si cast alloys are intended for applications at temperatures
less than about 250 °C. [1]. In general, large mismatch in lattice coherency contributes

to an undesirable microstructure that cannot maintain excellent mechanical properties
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at elevated temperatures. [2]. In the aluminium alloys besides the alloying elements,
transition metals such as Fe, Mn and Cr are always present. Even small amount of
these impurities cause the formation of a new phase component. Depending on the
composition, a material may contain CuAl,, Mg>Si, CuMgAl,, and Si as well as
Al(Fe,M)Si particles, where M denotes such elements as Mn, V, Cr, Mo, W or Cu.
During homogenization or annealing, most of the as-cast soluble particles from the
major alloying additions such as Mg, Si and Cu dissolve in the matrix and they form
intermediate-sized 0.1 to I um dispersoids of the AICuMgSi type. [3]. Therefore, the
particle characterization is essential not only for choosing the best processing routes,
but also for designing the optimized alloy composition.Ni is usually employed with
copper to enhance elevated-temperature properties. It also reduces the coefficient of
thermal expansion. Nickel can be utilized to improve the hot hardness (up to 600 F) of
aluminum-silicon (10 to 16 per cent silicon) casting and forging alloys. The maximum
benefits are realized by developing a large volume and favorable distribution of nickel
aluminide. The addition of more than the eutectic amount of silicon was not
particularly helpful in improving hot hardness. [4]. Alloys were produced by powders
metallurgy. Characterizations results indicate that the microstructure of the aluminum-
nickel alloys present a thin and homogeneous distribution of an intermetallic
compound in the aluminum’s matrix, identified as AI3Ni. Furthermore, it was found
out that the amount of intermetallic AI3Ni increases as the nickel content in the alloy

rises. [5].

2. Experimental details

Alloy was formed by casting an ingot by melting process. Sample pins for as cast
samples were prepared by machining and cast aged samples were prepared by first
solutionizing the ingot and then homogenizing the pins. As cast and cast aged samples
were examined by optical microscopy, SEM attached with energy dispersive x-ray
analysis. All the pin samples were tested on pin-on-disc wear testing machine
supplied by DUCOM instruments, Bangalore, India. Chemical composition of the

alloy is given in table 1.
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Table 1 shows chemical composition of the alloy

Alloy

%Si

% Ni

%Cu

%Mg

%Al

Al-25Mg>Si-2Cu-4Ni

13.41

3.36

2.10

13.2

Balance

2.1. Dry sliding wear test

The wear test is carried out using a pin-on-disc type wear-testing machine (DUCOM,

Bangalore, India) according to ASTM: G99-05 (ASM, 1992) standard. Wear

specimen of size 30 mm length and 10 mm diameter are machined from differently

processed samples. The wear tests are carried out at sliding velocities for a fixed

sliding distance of 2000 m at different normal loads.

3. Results and discussion

3.1 Wear test: Volumetric wear rate
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T
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1 =7 Load 4Kg

Speed (m/s)
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Al25Mg,Si2CudNi Constant speed Room temp

(a)

(b)

Fig. 1 Volumetric wear rate at (a) constant speed, (b) constant load and (c)

Microstructure without heat-treatment
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Volumetric wear rate (mm®/m)
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Fig 2 Volumetric wear rate at (a) constant speed, (b) constant load and (c)

Microstructre 1 hour homogenizing
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Fig. 3 Volumetric wear rate at (a) constant speed, (b) constant load and (c)

Microstructre 3 hour homogenizing
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Fig. 4 Volumetric wear rate at (a) constant speed, (b) constant load and (c)
Microstructre 5 hour homogenizing
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Fig. 5 Volumetric wear rate at (a) constant speed, (b) constant load and (c)
Microstructre 7 hour homogenizing

4. Results:

1. Volumetric wear rate increases with increase in the sliding speed. Fig. 1(b) shows
volumetric wear rate increases with increase in the load across all the sliding speeds.
2. Volumetric wear rate is low for lower sliding speed, Fig. 2(b) shows volumetric
wear rate is negligible at 1m/s sliding speed across all the loads.

3. Low volumetric wear rate at lower loads and with increase in the load it increases
steadily and reaches maximum.

4. Volumetric wear rate is directly proportional to sliding speed and it increases with

sliding speed.
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