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Abstract 

Many studies about Hadfield steel (high Manganese austenitic steels) have been done and it was found that there are some unique 

characteristics of Hadfield steel which makes it more applicable. The present investigation is directed towards the effects of 

Aluminum addition on properties of Hadfield steel. Aluminum is added to Hadfield steel as an alloying element and different test 

specimens with different composition of aluminum have been examined by means of microstructure, grain size, spectroscopy, 

hardness, and tensile strength.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Hadfield manganese steel was invented by Sir Robert Hadfield in the year of 1882 and first patented in Britain in 1883 and in 1884 

the patents 303150 and 303151 were granted in the United States. In accordance with ASTM - A128 specification, the basic 

chemical composition of Hadfield steel is 1 - 1.4% carbon and 11 - 14% manganese. In the Hadfield steel the manganese to carbon 

ratio is optimum at 10:1 to ensure an austenitic microstructure after quenching. [1]  

Manganese acts as an austenite stabilizer and delays isothermal transformation to bainite (tempered martensite). In Hadfield 

steel, carbon is dissolved in austenite up to a practical limit of 1.2%. Above 1.2% carbides precipitate and separation to grain 

boundaries, resulting in compromised strength and ductility particularly in heavy sections. Although manganese content has little 

effect on yield strength, it does affect ductility and ultimate tensile strength (UTS). Because the ultimate tensile strength is 

maximum at 12 to 13% manganese, it is uneconomical to have higher manganese contents. [2] 

Mangalloy is heat treatable, but the manganese lowers the temperature at which austenite transforms into ferrite. Most grades 

are ready for use after annealing and then quenching from a yellow heat, with no further need of tempering, and usually have a 

normal Brinell hardness of around 200 HB. But, due to its unique properties, this number has very little effect on determining the 

abrasion and impact resistance of the metal. [3] 

Aluminum additions reduced carbon activity and diffusivity in austenitic of Hadfield's composition, increasing the metastable 

solubility of carbon in Hadfield steel. Aluminum additions inhibited mechanical twinning and, by inference, increased the stacking 

fault energy of austenite. Increasing carbon in solution in austenite expanded the temperature range over which dynamic strain 

aging and rapid work hardening occurred Simultaneous aluminum additions and increased carbon content increased the work-

hardening rate and high-stress abrasion resistance of Hadfield steel. [4] 

II. EXPERIMENTAL WORK 

Test samples of Hadfield steel were prepared to determine the properties and to analyze optical microstructure to understand the 

behavior of Hadfield steel, hence specimens were examined by spectroscopy test, hardness test, tensile test, grain size and 

microscopic observation. 

 Spectroscopy Test  

The purpose of spectroscopy test is to determine chemical composition of the Hadfield steel. Following are the set up and results 

of spectroscopic test:- 
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Fig. 1: Spectroscopic analysis (Pic: IXAR lab, Vadodara) 

Table – 1 

Chemical compositions 

 Sample 1 Sample 2 Sample 3 Sample 4 

Carbon 1.35 1.32 1.30 1.27 

Silicon 0.945 0.917 0.835 0.687 

Manganese 12.77 12.78 12.78 12.77 

Phosphorus 0.0538 0.0526 0.0525 0.0507 

Sulfur 0.0015 0.0013 0.0010 0.00020 

Chromium 2.07 2.06 2.00 1.97 

Aluminum 0.0075 0.302 0.595 0.864 

Iron 82.80 82.56 82.43 82.38 

 Tensile Test  

One end of the specimen is fastened to the frame of the machine by means of grips or clamps, while the other end is similarly fixed 

to the movable cross head fig.1. A steadily increasing load is applied to the specimen usually hydraulic load is applied. The 

magnitude of the load is measured by the load measuring unit. By attaching an extensometer or gauge to the specimen, elongation 

is measured. Following are the set up and results of tensile test: 

 
Fig. 2: UTM machine (Pic: IXAR lab, Vadodara) 

Table - 2  

Results of tensile tests 

PARAMETER Sample 1 Sample 2 Sample 3 Sample 4 

Gauge Diameter in mm 12.54 12.60 12.66 12.58 

Cross Section Area in 𝑚𝑚2 123.52 124.71 125.90 124.31 

Yield Load in N 35610 63390 64520 61890 

Yield Strength in N/𝑚𝑚2 288.29 508.30 512.47 497.87 

Ultimate Tensile Load in N 37890 67590 80140 68580 
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Tensile Strength in  N/𝑚𝑚2 306.75 541.98 636.54 551.69 

Elongation in % - 8.44 24 10.36 

Fracture O.G.L W.G.L W.G.L W.G.L 

 Hardness Test 

Hardness testing involves a small indenter being forced into the surface of the material being tested under controlled conditions of 

load and rate of application. The depth or size of the resulting indentation is measured, which in turn is related to a hardness 

number; the softer the material, the larger and deeper the indentation, and the lower the hardness index number. Following are the 

set up and results of hardness test: 
Table – 3 

Results of hardness tests 

 
Sample 1 

(0.007% Al) 

Sample 2 

(0.30% 

Al) 

Sample 3 

(0.59% 

Al) 

Sample 4 

(0.86% 

Al) 

BHN (Brinell) 199 199 212 203 

 

 
Fig. 3: Rockwell hardness testing machine (Pic: IXAR lab, Vadodara) 

 Microstructure Test 

Microstructure is defined as the structure of a prepared surface or thin foil of material as revealed by a microscope above 25X 

magnification. Following are the set up and results of microstructure tests: 
Table - 4  

Results of the microstructure test 

 Inspection result Inspection result 

Sample 1(0.007% Al) 

 

 
 

Microstructure shows are corce grain Austenatic structure, some carbide 

precipitation, example of regular 'thicked' carbide delineations. 

 

Sample 2(0.30% Al) 

 

 

Microstructure shows are corce grain Austenatic structure, some carbide 

precipitation, example of regular 'thicked' carbide delineations. 
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Sample 3(0.59% Al) 

 

 
 

Microstructure shows are corce grain Austenatic structure, some carbide 

precipitation. 

Sample 4(0.86% Al) 

 

 
 

Microstructure shows are corce grain Austenatic structure, some carbide 

precipitation, example of regular 'thicked' carbide delineations. 

 

 

 
Fig. 4: Microscope (Pic: IXAR lab, Vadodara) 

III. CONCLUSION 

In this investigation Manganese austenitic steels (Hadfield’s steel) is studied due to their excellent mechanical properties such as 

tensile strength, uniform ductility, and wear resistance. The conclusions from this research are following:- 

Addition of Aluminum to Hadfield Steel increases its strength. 

With the increase in Al addition there is continuous increases in the Tensile strength and percentage elongation up to 0.595% Al. 

With the increase in Al addition there is continuous increases in the Hardness up to 0.595% Al. 

Microstructure and grain size doesn’t significantly affect by the aluminum addition. 
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