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Abstract- Duplex stainless steels were originally developed for the manufacture of pumps and impellers housing in the 
fertilizer industry. However, the growing demand for casting components of these materials has led to the application of 
a largely developed for this forming process technology. After having undergone heat treatment solution treatment, these 
materials become thermodynamically metastable systems, as the concentration of solid solution of solute atoms is so high 
that they become saturated, causing them to look for a free energy state lower when exposed to different temperatures. 
These systems achieve a stable thermodynamic state by the precipitation of different intermetallic phases, depending on 
the temperatures to which they are exposed. Thermal energy is the catalyst to "overcome" the energy barrier separating 
the metastable and stable phases. The objective of this study was to determine the influence of various heat treatment 
temperatures on the microstructure and mechanical properties of stainless steel and duplex. 

Keywords- Heat Treatment, Duplex Stainless Steel, Solution Annealing, Liquid Carbonitriding, Tensile Testing, 
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I. INTRODUCTION 
 

 
Stainless steels are generally heat treated according to the stainless steel type, and implementation patterns of treatment. 
Heat treatment methods, such as relieving stress, curing and annealing, enhance ductility and corrosion resistance of the 
metal that is modified during production, or generate hard structures able to tolerate the abrasion and high mechanical 
stresses. Heat treatment of stainless steel is most often carried out under controlled conditions to prevent carburization, 
decarburization and scaling on the metal surface.  
 
2205 is a second generation duplex stainless steel having a nominal composition of 0.03% carbon, 22% chromium, 5.5% 
nickel, 3% molybdenum and 0.14% nitrogen. This composition results in a stable microstructure containing about 45% 
ferrite and 55% austenite. Austenitic stainless steels generally exhibit excellent corrosion resistance in most environments 
corrosion, but may fail by stress corrosion in warm chloride solutions in certain circumstances. Ferritic stainless steels are 
generally resistant to cracking under these conditions. However, the use of ferritic stainless steels is limited due to 
constraints of weld ability in the above section thickness of about 2 mm. It is believed that the presence of ferrite in duplex 
stainless steels inhibits crack propagation. 
 

 
Figure 1. Microstructure of Duplex Stainless Steel without Heat Treatment 
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We are introducing new method of Heat Treatment of duplex stainless steel (2205) which will provide more ductility and 
toughness to steel than method of liquid carbonitriding. Liquid carbonitriding method of Heat treatment provides only case 
hardening and high wear resistance and resistance against friction.  Although our method of heat treatment is less expensive 
compared to liquid carbonitriding. 
 
 
 

II. RECENT SCENARIO ABOUT HEAT TREATMENT STUDY OF DUPLEX STAINLESS STEEL 
 
 

Generally we are using Liquid Carburizing Process for improving mechanical properties of Duplex Stainless Steel. 
Carburizing is a thermochemical processes. During this process, the work piece is enriched with a mixture of carbon and 
nitrogen (carbonitriding) to improve the mechanical properties of the work piece edge layer. It was originally developed 
as an alternative to the gas nitriding which produce a more uniform case through the contact surface between the 
substrate and the liquid salt. When steel pieces are placed in a preheated liquid salt, there is enough energy localized near 
the surface due to chemical potential differences which in turn allows the nitrogen and carbon species diffuses from the 
salt in the steel substrate. The process is conducted at 750-1050 ° C, making it faster as gas nitriding. Lower temperature 
cycles produce a broadened case S-phase / austenite in stainless steels. Post-oxidation after nitriding combined with 
polishing produces coatings with an outstanding appearance (black) and high resistance to corrosion (electrolytic upper 
chromium plating). To ensure the quality of the part, our salt baths are constantly monitored, with chemistry adjustments 
made if necessary.  
 
Heating temperature: 9200C  
Soaking time: 3-3: 00 pm  
Media Quench Tempering oil temperature: 2100C  
Furnace: Furnace salt bath  
Salt: Nitrogen/Cyanide salt with liquid 
 

 
III. PROCESS PLANNING 

 
In our experimental work in the industry, we worked on the basis of heat treatment processing 2205 Duplex stainless 
steel. Various stage performed on this steel like, hardness test, tensile test and metallography. We first took the sample of 
2205 duplex stainless steel. 
 
 

 
Figure 1. Process planning of Heat treatment of 2205 Duplex Stainless Steel 
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IV. EXPERIMENTAL PROCEDURE 

 
4.1 Solution Annealing 

Solution Annealing is a process carried out on the steels. Heat slowly and steadily to 10400 C. Then hold at this 
temperature for 10 minutes. Quench in an agitated water bath down to room temperature. 

It is extremely important that the recommended cooling cycle has been respected as a cool air or cool the oven will result 
in the precipitation and formation sigma brittle intermetallic phase which will negatively affect the mechanical 
properties, particularly the cold formability and toughness of the material. 

 

Figure 2. Solution Annealing 

 

4.1.1 Cycle 1 : 
 
 
Heating up to Temperature: 1040 0C  
Holding Time: 120 min 
Quench Media: Water 
Final Temperature: Room Temperature 
Furnace: Muffle Furnace 
 
 

 

  

Figure 3. Cycle 1  
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4.1.2 Cycle 2 :  
 
Heating up to Temperature: 1040 0C  
Holding Time: 120 min 
Quench Media: Water 
Final Temperature: Room Temperature 
Furnace: Muffle Furnace 
 
 

 

Figure 4. Cycle 2 

 

4.2 Tensile Testing 

The tensile test, also known as tensile test is a test of science base materials in which a sample is subjected to a controlled 
tension until failure. The test results are routinely used to select a material for an application, for quality control and to 
predict how a material will react in other types of forces. Properties that are directly measured by a tensile test are tensile 
strength, maximum elongation and reduction of area. From these measurements, the following properties may also be 
determined: Young's modulus, Poisson's ratio, elastic limit, and the stress-curing characteristics. Uniaxial tensile test is 
most commonly used to get the mechanical properties of isotropic materials. For anisotropic materials, such as composite 
materials and textiles, uniaxial tensile testing is necessary. In accordance with ASTM standards (ASTM E8), the ratio of 
the diameter of the gauge to measure the length should be 1: 5. Thus turning was done to obtain the required 
specifications. 

I. Gauge Length: 50 mm 
II. Gauge Diameter:  50 mm  

III. Total Length: 165 mm 
IV. Grip Diameter : 18 mm  

 

 
Figure 5. Tensile Testing Specimen 
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4.2.1 Procedure of Tensile Testing :  
 
ASTM A536 (1563) was used for the tensile tests. 
The prepared sample into the sample preparation step was performed according to ASTM A536 specification standard 
and therefore was used directly. 
The process is as follows: 
1. The dimensions of the test piece (thickness / gauge length / total length in mm, etc.) have been accurately measured 
with an electronic caliper. 
2. Data were introduced into the testing machine. 
3. The distance between the jaws was set according to the reference length of the sample. 
4. The sample was inserted into the machine and gripped by the jaws. 
5. Maximum load was set at 150KN and loading was done until the specimen failed. 
6. The corresponding readings generated for the yield strength, % elongation and breaking strength was noted. 
 
4.3 Brinell Hardness Testing 

The Brinell scale characterizes the indentation hardness of materials through the scale of penetration of an indenter, 
loaded on a material specimen. It is one of several definitions of hardness in materials science. 

Proposed by the Swedish engineer Johan August Brinell in 1900, he was the first test widely used and standardized 
hardness in engineering and metallurgy. The large size of indentation and possible damage to test limits its usefulness. 

The typical test uses a 10 mm (0.39 in) diameter steel ball as a penetrator with 3,000 kgf (29 kN 6,600 lbf) of force. For 
softer materials, a smaller force is used; for harder materials, a tungsten carbide ball is replaced by the steel ball. The 
indentation is measured and hardness calculated as follows: 

 

Where, 
P = applied force (kgf) 
D = diameter of indenter (mm) 
d = diameter of indentation (mm) 
 

4.3.1 Procedure of Hardness Testing 
 
The method utilized for hardness testing was Brinell Hardness Testing. In this process: 

1. The specimen was put on the specimen holder.  
2. The minor load of 100kg was applied by rotating the axle.  

When the reading on the display became zero the rotating was stopped and final loading was applied by pressing the 
loading button. 
 
4.4 Metallography 

Metallography is the study of the physical structure and components of metals, typically using microscopy. 

4.4.1 Procedure of Hardness Testing 
 
1. The surface of a metallographic specimen is prepared by various methods of  grinding,  polishing, and  etching. 
 Etching with 40% NaOH solution. 
 After preparation, it is often analyzed using  optical or  electron microscopy. 
 Observation at 500X. 



 
 
 
 

http://en.wikipedia.org/wiki/Grinding_(abrasive_cutting)
http://en.wikipedia.org/wiki/Polishing
http://en.wikipedia.org/wiki/Industrial_etching
http://en.wikipedia.org/wiki/Optical_microscope
http://en.wikipedia.org/wiki/Electron_microscopy


63 

 
 
 
 

 
V. EXPERIMENTAL DATA 

 
5.1 Tensile Testing 

5.1.1 Solution Annealing 
 

5.1.1.1 Cycle 1 
Table 1. Cycle 1 of Solution Annealing For Tensile Testing 

 
 
 

5.1.1.2 Cycle 2 
 
 

Table 2. Cycle 2 of Solution Annealing For Tensile Testing 
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5.1.2 Liquid Carbonitriding 
 

Table 3.Liquid Carbonitriding for Tensile Testing 

 
 
 
5.2 Hardness Testing  

5.2.1 Solution Annealing 
 

5.2.1.1 Cycle 1 
Table 4. Cycle 1 of Solution Annealing for Hardness Testing 

 
 
 
 

5.2.1.2 Cycle 2 
 

Table 5. Cycle 2 of Solution Annealing for Hardness Testing 

 
 

5.2.2 Liquid Carbonitriding 
 
 

Table 6. Liquid Carbonitriding for Hardness Testing 
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5.3 Chemical Composition 

5.3.1 Solution Annealing 
 

5.3.1.1 Cycle 1 
 

Table 7. Cycle 1 of Solution Annealing for Chemical Composition 

 
 
 

5.3.1.2 Cycle 2 
 

Table 8. Cycle 2 of Solution Annealing for Chemical Composition 
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5.3.2 Liquid Carbonitriding 
 

Table 9. Liquid Carbonitriding for Chemical Composition 

 

5.4 Metallography 

5.4.1 Original 

 
Figure 6. Duplex Stainless steel Microstructure without Heat Treatment 

 
OBSERVATION: Figure shows that in this microstructure austenite and ferrite reveled and grain boundary reveled with 
inter metallic phase (magnification 500X and etchant is NAOH) 

5.4.2 Solution Annealing 
 

5.4.2.1 Cycle 1  
OBSERVATION: Figure shows that in this microstructure austenite and ferrite reveled and grain boundary free from 
inter metallic phase (magnification 500X and etchant is NAOH). 
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Figure 7. Duplex Stainless steel Microstructure after cycle 1 

 
 
 

5.4.2.2 Cycle 2 
 

 
Figure 8. Duplex Stainless steel Microstructure after cycle 2 
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5.4.3 Liquid Carbonitriding 

 
Figure 8. Duplex Stainless steel Microstructure after Liquid Carbonitriding 

 
 

OBSERVATION: Figure shows that in this microstructure austenite and ferrite reveled and grain boundary free from 
inter metallic phase and grain size increase (magnification 500X and etchant is NAOH). 
 
 
 

VI. EXPERIMENTAL RESULTS 

 
Table 9. EXPERIMENTAL DATA 
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VII.  CONCLUSION  

In conclusion, liquid carbonitriding gives case hardness and wear resistance, improved resistance against friction and 
solution annealing gives ductility and toughness of 2205 duplex stainless steel. For the application of pump casing of 
fertilizer industry, oil and gas explosion ,transport and storage tank in which solution annealing preferred on 2205 duplex 
stainless steel, Whereas gear and shaft, bearing in which liquid carbonitring preferred. 
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