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Abstract — Many materials, when in service, are subjected to 

various kinds of loads and forces: for instant consider duplex 

stainless steel which is being used at the hull of marines. In such 

situations it is necessary to know the characteristics of the 

material and to design the member from which it is made such 

that any resulting deformation will not be excessive and fracture 

will not occur. The mechanical behavior of the material reflects 

relationship between its response and deformation to its applied 

load or force. Important mechanical properties are strength 

hardness and ductility. Hence this paper presents an 

experimental investigation and comparison on properties of 2205 

duplex stainless, 2507 super duplex stainless steel, copper and 

tungsten as they all have good corrosive resistant characteristics, 

ductile property and good thermal expansion and electrical 

conductivity. 
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I INTRODUCTION 

uplex stainless steel family was introduced commonly 

about 1920’s mainly intended for pulp and paper 

industry. However the original duplex alloy suffered from 

brittleness and low ductility. A second generation with 

improved weld-ability, mainly due to higher addition of 

nitrogen was developed in the early 1980’s. This was the 

breakthrough for duplex stainless steel and the use and fields 

of application increased contentiously. The two phase 

structure of ferrite and austenite combines beneficial effects of 

the phases and allows the steel to obtain high strength (ferrite) 

and toughness (austenite) even at low temperature. Thus the 

material offers good resistance to corrosion due to high Cr, 

Mo and N additions, and stress corrosive cracking, due to the 

ferrite content. Other advantages of duplex stainless steel are 

satisfactory fatigue properties and modest thermal expansion. 

The phase balance in duplex stainless steel obtained by careful 

heat treatment is crucial for the mechanical properties. The 

chloride pitting and crevice corrosion resistance of the duplex 

stainless steel is a function of chromium, molybdenum and 

nitrogen content. The hull portion of duplex stainless steel 

experiences a wide range of temperature difference due to 

sailing of ship at various parts of globe. As the ship sails 

through different temperature zones a stress cycle experiences 

a on the structure due to difference in temperature variation in 

climatic conditions accelerates the process of corrosion and it 

may lead to change in property of the steel. 

II. METHODOLOGY 

The methodology involves the preparation of specimen of 

2205 duplex stainless steel, 2507 super duplex stainless steel, 

copper and tungsten for various mechanical tests to 

characterize its hardness, impact test and UTS results as per 

the standards of ASTME. Also comparative study is also 

made between 2205 duplex stainless steel, 2507 super duplex 

stainless steel, copper and tungsten to identify which exhibits 

mechanical better mechanical properties for applying at hulls 

of marine. 

A. Hardness test 

Steels, copper and tungsten falls under the category of 

soft ferrous, hence in this work it is suitable to select Brinell 

hardness test for the determination of hardness. 

 

Fig.1. Brinell hardness test specimen specification 
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B. Impact test 

The main intention of conducting impact test is to 

determine the amount of impact energy applied at the hull of 

marines and study the ability of the material to withstand 

shock loading due to waves. 

 

 

Fig.2. Impact test specimen specification 

C. Tensile test 

Tensile test is used to determine ultimate tensile 

strength and several other properties such as Youngs modulus, 

yield strength, proof strength of materials and the test also 

helps in the study of fracture behaviour of the material. 

 

 

Fig.3. Tensile test specimen specification 

III. RESULTS AND DISCUSSION 

The results extracted from the current work on examining 

the mechanical properties of 2205 duplex stainless steel, 2507 

super duplex stainless steel, and copper and tungsten serves as 

a basic for predicting which of the above material gives better 

mechanical properties comparatively. 

A. Hardness test result 

  

Fig.4. Brinell hardness test result 

Brinell hardness test results explains that the ductility in 

copper is more and thus copper possesses more load bearing 

capacity before fracture when compared with 2205 duplex 

stainless steel, 2507 super duplex stainless steel and tungsten. 

B. Impact test result 

From impact test, it is evident that impact toughness of 

fracture energy for tungsten is higher when compared with 

2205 duplex stainless steel, 2507 super duplex stainless steel 

and tungsten when tested under Charpy scale. It is observed 

from the above graph that tungsten absorbs more impact 

energy when compared with 2205 duplex stainless steel, 2507 

super duplex stainless steel and copper. Thus it is very much 

essential for the hulls of marines in order to withstand impact 

loads due to waves and wind. 

      
Fig.5. Impact test result 
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C. Tensile test result  

Table 1  Tensile test result 

 
Poisson’s 

Ratio 

Young’s 

Modulus 

in Mpa 

Yield 

(or) 

ultimate 

strength 

in Mpa 

Tensile 

strength 

in Mpa 

% of 

elongation 

2205 DSS 0.3 1.9x105 448 621 25 

2507 SDSS 0.3 2.0x105 550 795 15 

Cu 0.34 1.17x105 69 220 40 

W 0.28 40.5x105 800 172 23 

 

Fig.6: Yield strength test result 

 
Fig.7: Tensile strength test result 

 

Fig.8. % of elongation 

Tensile test revels that the ultimate yield strength of 

copper is less and it signifies that copper will withstand 

relatively less load then 2205 duplex stainless steel, 2507 

super duplex stainless steel and tungsten. It is also clearly 

identified that % of elongation for copper is more compared to 

2205 duplex stainless steel, 2507 super duplex stainless steel 

and tungsten. 

IV. CONCLUSION 

From the comparative study among, 2205 duplex 

stainless steel, 2507 super duplex stainless steel, copper and 

tungsten, they yield the following conclusion: 

The result of hardness test revels that, copper gets 

less hardness value among 2205 duplex stainless steel, 2507 

super duplex stainless steel and tungsten and thus copper 

shows the sign of reduced embrittlement which is desirable in 

the hull of marines. 

Impact test explains that tungsten sustain more load 

(due to waves) before fracture in comparison with 2205 

duplex stainless steel, 2507 super duplex stainless steel and 

copper due to more toughness. 

Tensile test results copper have less ultimate tensile 

strength and have higher % of elongation among 2205 duplex 

stainless steel, 2507 super duplex stainless steel and tungsten. 

The lesser value of ultimate tensile strength proves the loss of 

embrittlement. 

REFERENCES 

[1]. Balasubramaniam N S, Santhosh A N, Dr. Aprameyan S, 

Characterization of Welded Duplex Stainless Steel for Marine 
Applications, International Journal of Advanced and  Innovative 

Research (2278-7844)/ #27/ Volume 5 Issue1. 

[2]. Balasubramaniam N S, Suresh Kumar S, Comparison of 
Developed DSS and Developed Welded DSS by using Tensile 

Test, IJISET – International journal of innovative Science, 

Engineering and Technology, Vol 3 Issue 1, January 2016, ISSN 
2348 - 7968. 

[3]. Balasubramaniam N S, Dr. P D Sudersanan, Dr. H G Shenoy, Dr. 

Aprameyan S, A Study of Compact Test and Stress Intensity 
Factor on Developed Welded Duplex Stainless Steel, International 

Journal of innovative research in science, Engineering and 

Technology, p126-130, volume 7, Special Issue 7, June 2018. 
[4]. Rue Colonel, International Stainless Steel Forum120 B-1140 

Brussels Belgium. 

[5]. D.Dyja, Z.Stradomski, Microstructural Evolution in a Duplex Cast 

Steel after Quench Ageing, Archives of Materials Science and 

Engineering, Vol. 28(9), September 2007, pp. 557-564. 

[6]. P.Labanowski, Stress Corrosion Cracking Susceptibility of 
Dissimilar Weld Joints, Achievements in Materials and 

Manufacturing engineering, Gdansk, Poland, Vol. 20(1-2), Jan-

Feb 2007, pp. 255-258. 
[7]. [7] Janos Dobranszky and Janos Ginsztler, Microstructural 

Stability of Duplex Stainless Steel Weldments, Research Group 

for Metals Technology of the Hungarian Academy of Sciences 
Goldmann ter 3, Budapest 1118, Hungary, Vol. 561-565, 2007, pp. 

2119-2122. 
[8]. J.W.Abtibol Menezes, H.Abreu, S.Kundu, H.K.D.H.Bhadeshia 

and P.M.Kelly, Crystallography of Widmanstatten Austenite in 

Duplex Stainless Steel Weld Metal, Science and Technology of  
Welding and Joining, Vol. 14(1), 2009, pp. 4-10. 

0

100

200

300

400

500

600

700

800

2205 DSS Copper

Mpa

0
200
400
600
800

1000
1200
1400
1600
1800

2205 DSS 2507 
SDSS

Copper Tungsten

Mpa

0

5

10

15

20

25

30

35

40

2205 DSS Copper

%



International Journal of Latest Technology in Engineering, Management & Applied Science (IJLTEMAS) 

Volume VIII, Issue IX, September 2019 | ISSN 2278-2540 

 

www.ijltemas.in Page 107 

[9]. W.Dietzel, Fracture Mechanics Approach to Stress Corrosion 
Cracking, Anales de Mecánica De La Fractura, Geesthacht, 

Germany, Vol. 18, 2001, pp 1-7. 

[10]. Iris Alvarez-Armas, Duplex Stainless Steels: Brief History and 
Some Recent Alloys, Instituto De Física Rosario - CONICET, 

Universidad Nacional De Rosario, Bv. 27 de Febrero 210 bis - 

2000 Rosario – Argentina, Vol. 1(1), 2008, pp. 51-57. 
[11]. S.Topolska, J.Labanowski, Effect of Microstructure on Impact 

Toughness of Duplex and Super Duplex Stainless Steels, 

Achievements in Materials and Manufacturing engineering, 
Gdansk, Poland, Vol. 36(2), October 2009, pp. 142-149. 

[12]. M.Shafy, Embrittlement Prediction of Aged Austenitic Stainless 

Steel Welded Components Using Hardness Measurements, Egypt. 
J. Solids, Vol. 28(2), 2005, pp. 325-335. 

[13]. Bengt Wallem and Avesta Sheffield A.B, Research and 

Development, SE-774 80 

 


