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Abstract - The utilization of pliable iron is expanding 

ceaselessly, this is expected to the mix of its different 

astounding mechanical properties. Extreme measure of 

exploration is being completed to grow far and away 

superior properties. Austempered flexible iron is the 

latest improvement in the space of bendable iron or S.G. 

iron. This is shaped by an isothermal hotness treatment 

of the bendable iron. The recently evolved austempered 

bendable iron is presently supplanting steel in many 

fields so it has turning out to be vital to different parts of 

this material [4]. In the present work the impact of 

copper alongside the interaction factors (austempering 

temperature furthermore austempering time) on the 

properties (Hardness, Tensile Strength and Elongation) 

and microstructure of flexible iron is considered. With 

expanding austempering time hardness, malleable 

strength and stretching are expanding however with 

expanding austempering temperature hardness what's 

more elasticity are diminishing and stretching expanding 

[1]. Austempered malleable iron with copper is showing 

some higher strength, hardness and lower lengthening 

than the austempered malleable iron without copper. In 

microstructure ferrite is expanding with expanding 

austempering time and austenite is expanding with 

expanding austempering temperature in both the grades. 

Catchphrases: S.G. Iron, Austempering, austempered 

pliable iron, austempering time and temperature, 

austenite and ferrite. 

 

I. INTRODUCTION 

 

Studying the ductile nature of copper upon heating 

involves understanding how the mechanical properties 

of copper change when it is subjected to elevated 

temperatures. Copper is known for its excellent 

ductility, which is the ability of a material to undergo 

large plastic deformations without fracturing [2]. This 

property makes it useful for various applications, 

including electrical wiring, plumbing, and 

manufacturing. 

When copper is heated, several changes occur in its 

mechanical behavior due to the effects of temperature 

on its crystal structure and dislocation motion. Here's 

what happens when you study the ductile nature of 

copper upon heating: 

Crystal Structure Changes: Copper has a face-centered 

cubic (FCC) crystal structure at room temperature. As 

you heat copper, its crystal lattice may undergo 

thermal expansion, causing the interatomic distances 

to increase. This expansion can affect the mobility of 

dislocations within the material. 

Dislocation Motion: Dislocations are defects in the 

crystal structure that allow materials to deform 

plastically [5]. At higher temperatures, the mobility of 

dislocations increases. This means that dislocations 

can move more easily through the crystal lattice, 

leading to greater plastic deformation before fracture. 

Decrease in Yield Strength: The yield strength of a 

material is the stress at which it begins to deform 

plastically. When copper is heated, its yield strength 

tends to decrease. This is because the increased 

thermal energy allows dislocations to move more 

freely, making it easier for the material to undergo 

plastic deformation. 

Improved Ductility: As yield strength decreases and 

dislocation mobility increases, copper becomes more 

ductile at elevated temperatures. This means that it can 

undergo larger amounts of plastic deformation without 

breaking. This property is particularly important in 

processes like hot forging, where metals are shaped at 

high temperatures. 

Recrystallization: At even higher temperatures, around 

or above half of the melting point of copper (i.e., above 

500°C or 932°F), recrystallization can occur. This 

process involves the formation of new, strain-free 

grains within the material. Recrystallization helps 

relieve the accumulated stress and strain, leading to 

further improvements in ductility. 

Grain Growth: With prolonged exposure to high 

temperatures, grain growth can occur. Larger grains 

can lead to reduced strength and altered mechanical 

properties. However, this is more relevant for 
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prolonged high-temperature exposure rather than 

typical ductility studies. 

Studying the ductile nature of copper upon heating can 

involve techniques such as tensile testing, where 

copper specimens are subjected to controlled forces 

while being heated. This helps determine how the 

material's mechanical properties change at different 

temperatures. The results can be used to design 

processes that take advantage of copper's ductility, 

such as hot working or forming operations. 

Keep in mind that the exact behaviors described above 

can be influenced by factors like impurities in the 

copper, the rate of heating, and the specific testing 

conditions. 

 

II.COMPARE VARIOUS TYPES OF COPPER 

 

Various Grades of Flexible Iron 

Ductile iron is a type of cast iron that has been treated 

to improve its mechanical properties, specifically its 

ductility. Ductile iron is used in a wide range of 

applications due to its strength, toughness, and ability 

to be cast into complex shapes [7]. It's commonly used 

in automotive parts, pipes, valves, and various 

machinery components. 

Ductile iron is created by adding a small amount of 

magnesium or cerium to the molten iron before 

casting. This process promotes the formation of 

graphite nodules within the iron matrix, which gives 

ductile iron its improved mechanical properties 

compared to traditional gray cast iron [3]. 

There are different grades of ductile iron, each with 

specific properties and applications. These grades are 

typically classified based on their tensile strength, 

yield strength, elongation, and other mechanical 

properties. Some commonly used grades of ductile 

iron include: 

 

ASTM A536 Grade 60-40-18: This is a common grade 

of ductile iron with a minimum tensile strength of 

60,000 psi (414 MPa), a minimum yield strength of 

40,000 psi (276 MPa), and an elongation of 18%. It's 

used in various general-purpose applications. 

 

ASTM A536 Grade 65-45-12: This grade has a 

minimum tensile strength of 65,000 psi (448 MPa), a 

minimum yield strength of 45,000 psi (310 MPa), and 

an elongation of 12%. It offers good strength and 

toughness and is often used in applications where 

shock resistance is important. 

ASTM A536 Grade 80-55-06: This higher-strength 

grade has a minimum tensile strength of 80,000 psi 

(552 MPa), a minimum yield strength of 55,000 psi 

(379 MPa), and an elongation of 6%. It's used in 

applications where higher mechanical properties are 

required, such as heavy machinery and automotive 

components. 

 

ASTM A536 Grade 100-70-03: This is one of the 

strongest grades of ductile iron, with a minimum 

tensile strength of 100,000 psi (690 MPa), a minimum 

yield strength of 70,000 psi (483 MPa), and an 

elongation of 3%. It's used in demanding applications 

where exceptional strength and wear resistance are 

needed. 

Table 1: Various grades of malleable iron 

Grade 

and 

Heat 
Treatm

ent 

Mallea

ble 

Strengt
h 

(MPa) 

Yield 

Stren

gth 
Least 

(MPa

) 

Level 

of 

Stretch
ing 

Brinell 

Hardn

ess 

Network 

Microstruc

ture 

60-40-
18 (1) 

414 276 18 149-
187 

Ferrite 

65-45-

12 (2) 

448 310 12 170-

207 

Ferrite + 

Pearlite 

80-55-

06 (3) 

552 379 6 197-

255 

Pearlite + 

Ferrite 

100-

70-03 
(4) 

690 483 3 217-

269 

Pearlite 

120-

90-02 
(5) 

828 621 2 240-

300 

Tempered 

Martensite 

 

III.TESTING AND EXPLANATION 

 

Two grades of flexible iron examples have utilized in 

the analysis which are delivered business foundry 

known as L&T Kansbhal. The distinction between 

these two grades where one contains copper and one 

more without copper. Compound synthesis of the two 

grades of flexible iron tests given beneath in the table. 

Table 2:  Composition of the examples 

 C Si M

n 

Cr Ni Mg Cu S P 

With 

Cop
per 

3.

55 

2.

1 

0.

18 

0.

03 

0.

22 

0.0

38 

0.4

9 

0.0

09 

0.0

24 

With

out 
Cop

per 

3.

57 

2.

22 

0.

23 

0.

03 

0.

32 

0.0

45 

0.0

01 

0.0

11 

0.0

26 
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Test Specimen Preparation: 

For various tests the strong square of flexible iron was 

sliced to thickness of 4-6 mm utilizing power hacksaw. 

Then, at that point, they are crushed, cleaned and 

machined to the aspect needed for different 

investigations to be completed. 

 

Heat Analysis: 

No. of tests of each grade have taken and warmed to 

9000C for 60 minutes (austenisation) and then, at that 

point, moved rapidly to a salt shower (salt mix was 50 

wt. % 𝑁𝑎𝑁𝑂3 and 50 wt. % 𝐾𝑁𝑂3) kept up with at 

various temperatures (2500C, 3000C, 3500C) for 30 

minutes, 60 minutes, one also 30 minutes and two 

hours. 

 

Hardness Measurement: 

The hotness treated examples of aspect 8×8×3 mm was 

cleaned in emery papers (or Sic papers) of various 

grades for hardness estimation. Rockwell Hardness 

test was performed at room temperature to gauge the 

full-scale hardness of the flexible iron examples in A 

scale. The heap was applied through the square formed 

precious stone indenter for few moments during 

testing of all the treated and untreated examples. Four 

estimations for each example were taken covering the 

entire surface of the example and found the middle 

value of to get last hardness results. A heap of 60 kg 

was applied to the example for 30 seconds. Then, at 

that point, the profundity of space was consequently 

recorded on a dial check as far as self-assertive 

hardness number. Then, at that point, these qualities 

were changed over to as far as required hardness 

numbers (as Brielle’s or Vickers hardness numbers). 

 

Tractable Testing: 

Tractable test was done by ASTM (A 370-2002). An 

example of "Canine Bone Shape" displayed in figure 

3.2 was ready for tractable test, which were machined 

to 6mm check distance across and 30 mm measure 

length. Test was led by utilizing widespread testing 

machine (UTM 100) according to ASTM standard. 

 
Fig.1. Example utilized for pliable properties 

Progressed materials are utilized in a wide assortment 

of environments and at various temperature 

furthermore pressure. It is important to know the 

flexible and plastic conduct of these materials under 

such conditions. Such properties as elasticity, creep 

strength, weariness strength, break strength, break 

sturdiness, and hardness describe that conduct. These 

properties can be estimated by mechanical tests. 

 

IV.CONCLUSION 

 

1) When the Austempering temperature is expanding 

hardness and elasticity are diminishing and 

prolongation is expanding in both the copper alloyed 

flexible iron and unalloyed flexible iron. 

2) As the Austempering time is expanding elasticity, 

hardness and extension all are expanding in both the 

grades. 

3) The malleable iron alloyed with copper is showing 

the high rigidity and hardness yet lower stretching 

contrasted and unalloyed pliable iron. 

4) In microstructure austenite is expanding with 

expanding Austempering temperature and ferrite is 

expanding with expanding Austempering time in both 

the grades. 

5) The examples which are Austempered at higher 

temperatures having upper bainitic structure what's 

more the examples which are Austempered at lower 

temperatures are having lower bainitic structure in 

both the grades. 

6) The break surfaces showed a blended method of 

crack for more limited Austempering time. 
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