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Abstract: 

The effect of Mn content on tribological wear behavior of ZA-27 alloy which is used in an Industrial engineering and 

tribological applications has been studied. 0.2%, 0.5% & 1.0% Mn ZA-27 alloy is selected for the research work. 

Wear tests have been conducted on as received, annealed quenched alloy and T6 type heat treatment 

Mechanical tests were conducted for all the specimens and wear tests have been conducted on all the specimens 

under constant load of 4kg and sliding speed of 2.5m/s, on pin-on-disc type wear testing machine. To understand the 

wear results, volumetric wear rate are plotted and discussed.  To determine the wear mechanisms of worn-out surface 

of samples SEM micrographs were examined. T6 type heat treated specimens shows lower volumetric wear rate 

when compared with the others. ZA-27/0.5%Mn content shows lower volumetric wear rate. Adhesive wear 

mechanism is observed. 
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I. INTRODUCTION 

 
In view of material and mechanical engineering aspects, 

there are different ferrous and non ferrous metals are being 

occupied in our nature. There was a time where engineers 

were used to employ different methods to figure out 

material characteristics of a metal. As far material science 

knowledge is concerned in order to enhance the material 

properties there are several methods commonly 

encountered, namely Alloying method, Heat Treatment 

method, Recrystallization and many non conventional 

methods.  So in this respect as far Chemical elements 

knowledge is concerned several elements are put great 

emphasis on improving the  

 

Mechanical properties of metal.  In this notion, here the 

principal elements like Zinc and Aluminum play an 
important role to enhance the properties as Well as 

increasing the stability of a product. Usually it is need not 

to say that only major portion of Zinc and Aluminum play 

an important role to enhance the stability of a product, other 

ingredients shall also be added to attain required 

characteristics. So here there are different alloys of Zinc 

and aluminum can be seen, namely ZA-8, ZA-12, ZA-27 

ZA-8 which is having highest creep resistance and it is the 

strongest and hardest. The major disadvantage of alloy of 

ZA-8 is difficult to make electroplating process as 

compared to ZA-12 alloy. ZA-27 would have strongest and 
easily castable and heat treatable. And it possess resistance 

towards corrosion, excellent thermal conductivity and high 

dimensional accuracy and stability the major constituent 

zinc itself has a tendency to be machined, pressed, stamped 

and fabricated. So in this connection as far material 

technology is concerned eventually the ZA-27 alloy is to be 

considered as the best element among its several alloys for 

its known characteristics. Interestingly, the ZA-27 can have 

a tendency to compatible with minor ingredients like 

Silicon, Magnesium and copper. Wear is the most common 

problem in an engineering material, Even though wear and 
friction are of the material properties, where few 

tribological behaviors are strongly recommended by both 

physical and mechanical properties. Actually the word 

tribology had been evolved from the “Greek” word, which 

means “science of rubbing”. The principal concept of 

tribology is to control the friction and wear of a respective 

metal (here ZA-27 alloy). In order to eradicate the problems 

of wear of a metal a known amount of ingredients are to be 

added, generally, wear is a gradual loss of material from the 
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attached surface of relative body. While sliding exists 

touching sense aspects in relative to the attached body 

could be taken place finally it gives rise to wear particles 
knocked out by the tips of the members. So in this regard 

several industrial persons went to produce zinc aluminum 

products which have been using in bearing application 

since very long time. Apart from aforementioned 

ingredients other ingredients were also used to overcome 

the problems of wear and other metallurgical related 

problems. Several materials would be known for their 

excellent characteristics and research fellows who had 

investigated over those had become successful. In the light 

of enhancing the properties of a material, the major 

constituent elements would be changed according to 
product requirement. So due to technological advancement 

of Zinc and aluminum alloys they have occupied in various 

places of engineering sector. So the constituents who could 

be added like Si, Mn, and Cu, which contributes major 

advantage to form a new metal which will be free from 

problems. By this view of there are still investigation is 

going on ZA-27 alloy, but being an engineer’s it’s our 

essential duty to obtain the desirable knowledge of 

respective materials. After considering all the literature 

aspects into our account, ours task of this work is to 

keeping constant all other constituents like Al, Cu, and Si. 

But only we have to change the wt% of Mn will get a 
desirable results. And the material of zinc and Aluminum 

(ZA-27 alloy) would be obtained from gravity die casting 

technique. By the directions of physical metallurgical 

engineering, there are different metals or alloys existed in 

nature. To analyze the metallurgical properties knowledge 

about solid solution plays an important role in metallurgical 

sector. Initially many scientist and researcher were not 

aware of the heat treatment process; later several scientists 

were made an investigation on ZA-27 based alloy, all 

scientists were come to know about heat treatment process. 

Generally in heat treatment process a refractory lined 
muffle type of furnace to be employed. Heat treatment 

process is a combination of heating and cooling of a metal 

or an alloy is called heat treatment process. While 

performing and conducting experiment on ZA-27 alloy it is 

need to go for heat treatment process. Usually a muffle type 

of furnace is to be used for heating a metal or an alloy. So 

while operating one can satisfy the requirements of muffle 

furnace that is it is need to maintain the temperature 

uniformly thought the furnace. And temperature should be 

controlled for different stages of heat treatment 

encompassed those are annealing, Normalizing, Hardening, 

Tempering, Mar tempering and Ageing.     

II. EXPERIMENTAL PROCEDURE 

A. Material Preparation  

The required quantity of product has been obtained from 

gravity die casting technique. The ZA-27 alloy is to be 

heated at 7400C. While alloy gets heated at this temperature 

other required ingredients are to be added to like Cu, Mg, 

Si, and Mn. So the nominal composition gives a balanced 

value of ZA-27 alloy. The molten metal has to be brought 

in a mould after that sufficient time is to be allowed for 

solidification. Then the material gets required cylindrical 

shape. 

The following table 1 which gives a nominal composition 

of ZA-27 alloy with other required Ingredients. 

 

Table 1 Nominal chemical composition of 

experimental alloy 

SL.NO Al Cu Mg Si Mn 

M1 27 2 0.04 3.5 0.2 

M2 27 2 0.04 3.5 0.5 

M3 27 2 0.04 3.5 1.0 

 

 

 

B. Heat treatment 

The modified ZA-27 alloys were heated in a muffle furnace 

to 3700C and held at 5 hours for soaking. Few of samples 

were quenched in water immediately. Few samples were 

furnace cooled in a muffle furnace for 20 days. One group 

of samples were subject to heat treatment of solution at 

3700C, soaked for 5 h, then quenched in water and then 

artificially aged at 1600C for 3h (T6). 

 

C. Measurement of Mechanical 

characterization                               
Tensile tests were performed on the ZA-27 alloys for as-

cast and heat treated specimens produced in accordance 

with the specifications of ASTM A-370 standards. The 
samples for the test were machined to round specimen 

configuration with 12 mm diameter and 60 mm gauge 

length. The test was carried out at room temperature using 

an Instron universal testing machine operated at a strain rate 

of 1.3 X10−3/s. Charpy test was employed to conduct the 

impact test. The impact test was performed in accordance 

with ASTM E23 standards on the    ZA-27 alloys for as-

cast and heat treated specimens. Specimen of size 10 x10 x 

55 mm3 was used with a notch of dimension 2mm x 2mm x 

45. Reported data correspond to an average of three 

measurements. Hardness tests of the ZA-27 alloys for as-
cast and heat treated specimen were done using Vickers 

hardness tester at an applied load of 0.2 kg and the dwell 

time of 10 s. Five different readings were performed on 

each sample and readings within the margin of ±2% the 

average  value taken as a measure of the hardness of the 

specimen. 

D. Wear test   

The tribological tests are carried out using a pin-on-disc 

wear tester (Model: TR-20, DUCOM) as per ASTM: G99-

05. It is used to measure the volumetric wear rat of 

modified ZA27 alloy under dry non lubricated condition. 
The counterpart disc was made of quenched and tempered 

EN-32 steel having a surface hardness of 65 HRC. The 

specimens of size Ø10×33 mm were machined out from all 

the as cast and heat treated specimens. The track diameter 

of 80mm enabled the sliding speeds 2.5 m/ s, at constant 

applied load of 4kg and                                           constant 

sliding distance of 2,500 m.  
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III. RESULTS AND DISCUSSIONS 

Table 2 shows the  Mechanical properties of ZA-27 alloy 

obtained from the experiments 

 

Table 2: Mechanical properties of ZA-27 alloy                      

 

A.  Hardness 

It can be observed from Fig 1, Rockwell hardness of the 
alloys increases with increase in the content of manganese. 

Enhance in the hardness can be recognized to the presence 

of hard Al-Mn precipitates, but also their shape and 

distribution. And also formation of fine lamellar, as long as 

the presence of manganese is detected, could contribute to 

the measured increase in hardness. T6 type heat treated 

specimens show highest hardness for all Mn content 

compared to quenched, as- received and furnace cool 

specimens.   

Fig.1: Effect of Mn content on hardness 

 

 

B.  Tensile strength 

It can be observed from Fig 2 and Fig 3 at the room 

temperature, an obvious increase in the tensile strength and 

elongation with increase in Mn content of 0.5%, the 

decreased with further increase in the Mn content. This can 
be attributed for size and volume fraction of the hard phases 

increases with increase in the Mn content.  Thus tensile 

strength first increases with increasing in the volume 

fraction of hard phases then decreases with the coarsening 

of the hard phases. Furnace cooled specimens show 

highest strength for all Mn content compared to T6 

type heat treatment, as-received and quenched 

specimens. T6 type heat treated specimen’s shows 

highest elongation when compared with rest of the 

specimens. 
 

 

Fig.2: Effect of Mn content on tensile strength 

 

 

Fig.3: Effect of Mn content on % of elongation 

 

C. Impact strength 

It is observed from the Fig 4, the furnace cooled specimen 

shows higher impact energy compared to as-received and 

quenched specimens and T6 type heat treated specimens. 

Impact strength is nothing but the absorption of energy. 

Furnace cooled specimens have absorbed more energy than 

the other specimens due to its softness. On the other side, 

quenched specimens show lowest impact energy due to its 

hardness.   

 

 

 

 

 

 

Fig.4: Effect of Mn content on Impact energy 

Composition Type 

Tensile 

strength 

(MPa) 

% of 

elongation 

Hardness 

(HRB) 

Impact 

energy 

(J) 

ZA-27/0.2% 
Mn 

Furnace 
cool 

410.23 10.46 61.33 2.67 

ZA-27/0.2% 

Mn 

As 

Received 
398.06 10.45 69.46 2.28 

ZA-27/0.2% 

Mn 
Quenched 389.21 8.12 95.73 1.98 

ZA-27/0.2% 

Mn 
T6 type 408.38 11.35 98.27 2.04 

ZA-27/0.5% 

Mn 

Furnace 

cool 
457.34 12.47 64.46 2.12 

ZA-27/0.5% 

Mn 

As 

Received 
425.42 11.44 81.86 2.04 

ZA-27/0.5% 

Mn 
Quenched 386.41 10.23 90.36 1.24 

ZA-27/0.5% 

Mn 
T6 type 438.46 13.48 99.45 1.56 

ZA-27/1% 

Mn 

Furnace 

cool 
394.24 8.32 80.16 2.43 

ZA-27/1% 

Mn 

As 

Received 
349.34 7.41 98.2 2.26 

ZA-27/1 % 

Mn 
Quenched 385.61 6.72 108.64 1.09 

ZA-27/1 % 
Mn 

T6 type 412.35 9.58 114.23 1.17 
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D. Volumetric wear rate 

The dry sliding wear behaivour experiments was conducted 

by using pin-on-disc testing apparatus at constant load of 

4kg ,sliding speed of 2.5m/s and sliding distance of 2,500 

m. From the fig 5, it is clearly understood that, T6 type heat 

treated specimens shows lower volumetric wear rate as 

compared with other specimens. This is due to increase in 

the elongation.  The table 3 shows the volumetric wear rate 

for all specimens. 

Table 3: Wear data 

S.No % 

Mn 

Volumetric wear rate (mm3/m) 

Furnace 

cool 

As-cast Quenched T6 type 

1 0.2 0.00359 0.00107 0.0009 0.00024 

2 0.5 0.00165 0.00059 0.00033 0.00015 

3 1.0 0.00375 0.00084 0.00315 0.00045 

 

During wearing actually instead of 100% of contact few 

asperities comes in contact with the sliding disc. Due to few 

asperities contact the stress on the asperities is very high 

and due to high stress micro weld takes place with the 

sliding disc. Under low sliding speed the residential contact 

time between the asperities with the sliding disc is more 

due to this more residential time the growth of micro welds 

is more hence under low sliding speed wear loss is more 

with increase in the sliding speed the residential time 

decrease and the corresponding micro weld growth reduced 

and result in decrease in the volumetric wear loss. 

 

 

                                        

                                        

                                        

                                        

                                        

                                        

0.0 0.2 0.4 0.6 0.8 1.0 1.2
0.0000

0.0005

0.0010

0.0015

0.0020

0.0025

0.0030

0.0035

0.0040

V
ol

um
et

ri
c 

w
ea

r 
ra

te
 (

m
m

3 /m
)

% of Mn content

 Furnacecool

 Ascast

 Quenched

 T6type

 
Fig.5: Effect of % of Mn content on volumetric wear rate 

During sliding these adhered asperities tears from the 

surface and makes the surface rough and remove some of 

the material from the parent material. Under high 

operational conditions, adhesive wear mechanism is 

observed but the amount of material removal is little more 
than the low operational conditions are observed in Fig 6. 

The corresponding debris shows bigger size of debris as 

shown in Fig 7 and XRD is shown in Fig 8.  

 

 

Fig.6: SEM micro graph of 0.2% Mn as received specimen, 

Speed-2.5 m/s, Nr. Pressure 0.49962 MPa 

 
Fig.7: Wear debris of 0.2% Mn as received specimen, 

Speed-2.5 m/s, Nr. Pressure 0.49962 MPa 
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Fig.8: XRD results of 0.2% Mn as received specimen, 

Speed-2.5 m/s, Nr. Pressure 0.49962 MPa 

CONCLUSIONS 

Based on the experimental observations of present 

investigation, the following conclusions can be drawn. 

1. T6 type heat treated specimens ZA-27/0.5% Mn 

alloy has observed minimum volumetric wear 

when compared with the other specimens. 

2. Tensile strength, elongation and hardness have 

highest value for T6 type heat treated specimens 

when compared with the others. 

3. Furnace cooled specimen have highest impact 

energy when compared with the others. 

4. Adhesive wear mechanism is observed. 
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