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ABSTRACT

 Many more researchers improving the materials 

properties in many ways. In that, mainly focusing that of 

developing by applying surface hardening on the material 

surface. The hardenings of surface process are can be 

applied in layer addition and subtraction methods. Here 

we are improving the material properties by using 

subtraction method in the way of applying plasma nit 

riding process. So we compare the properties of material 

with and without plasma nit riding in alloy 20 material. 

And also analysis how its properties are changing due to 

applying surface treatment process. 

Key words: Nickel Alloy 20, Plasma Nitriding, 
Surface treatment

1. Introduction

From the dawn of the civilization, nickel has 

been used in alloys. This has been proved through the 

chemical analysis of artifacts which show that 

weapons, tools and coins contain nickel in 

varying range of amounts. Nickel in its 

elemental form or when alloyed with other types 

of metals has been making a significant 

contribution to the present day applications and 

promises to serve in an even more demanding 

future.

Fig. 1 Nickel alloy plate
2. Alloy 20

Alloy 20 is one of the developing alloy 

matrix from stainless steel metal. Clearly we can 
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understand the material developing by increasing nickel 

content and reducing Ferrous content on metal. From 

these conditions we can improve the corrosion resistance 

of material.

We know that Nickel already getting more 

corrosion resistance properties. And also we need to 

improve other than prosperities by adding Ferrous, 

chromium, copper, manganese, niobium, silicon, carbon, 

phosphorous, sulphur like that.  

2.1 Chemical Composition

 Iron : 35%

 Nickel : 32-38%

 Chromium : 19-21%  

 Copper : 3-4%

 Manganese : < 2%

 Molybdenum : 2-3%

 Niobium : < 1%

 Silicon : < 1%

 Carbon : < 0.07%

 Phosphorous : < 0.045%

 Sulphur : < 0.035%

2.2 Corrosion Resistance

Corrosion Resistance is most important 

properties due to applying chemical environmental 

conditions. Here we already discussed the alloy 20 

material specially developing to applying chemical 

industries, food processing, fertilizer production 

etc. So that the corrosion resistances is most 

important parameter.  The corrosion resistance 

specially focus to applying sulphuric acid once.

3. Plasma Nitriding

Plasma nitriding is the surface 

treatment process which is to be used for the 

considered alloy 20 metal. Plasma nitriding is 

one of the types of case hardening heat 

treatment process which runs at temperatures 

between 450-600°C for steel. The aim of plasma 

nitriding process is to diffuse nitrogen in to the 

substrate surface form nitrides in combination 

with different alloying elements of the substrate 

and to form compound layers that have high 

wear resistance properties.

Since nitriding changes the chemical 

composition of the surface of the substrate and 

the process is carried out at medium 

temperature, it is classified as a thermo 

chemical process. Although many different 

materials can be nitrided with the aid of new 

nitriding technologies, this paper will focus on 

nitriding of steel substrates. 

4. Process
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4.1 Alloy 20 material –

The dimensions of  the alloy 20 plate used for the 

analysis is (400x400x3 mm). This single plate of the alloy 

20 material is cut into two suitable dimensions which are 

enclosed below. One cut portion of the plate is used for 

the normal mechanical testing. The other major half 

portion of the plate is coated with plasma nitriding process 

and is thus surface treated to be tested for the improved 

corrosive resistance characteristics.

The dimensions of the cutting done for the parent alloy 20 

plate is-

1. 150 x 150 mm (Normal testing)

2. 250 x 250 mm (Surface treatment testing)

The plate with the dimensions of (250 x 250mm) is 

surface treated through coating by using plasma nitriding 

process. On the other hand, the plate with dimensions 

(150 x 150mm) is utilized as the comparative medium 

simultaneously by implementing general methods of 

mechanical testing.

4.2 Design of Plasma Nitriding process-

The plate with the dimension (250 x 250 mm) is 

coated using plasma nitriding as part of the surface 

treatment. The main processing parameters involved 

during the plasma nitriding process are-

1. Temperature - 450°C

2. Process duration - 6hours

Plasma nitriding was carried out in a 60 

kW DC plasma furnace at a pressure of 4 mbar. 

A DC voltage from 300 to 1000 V was applied 

between the sample (cathode) and the wall of the 

furnace (anode) during the process. The 

treatment temperature was measured with a 

thermocouple inserted in a hole in the jig. 

Temperature and duration increased gradually 

until a clear nitriding layer was observed. The 

plasma nitriding was conducted in a low 

temperature since nitriding at temperatures 

varying around 400°C is also proved to produce 

a nitride layer which yields a better corrosion 

resistance equivalent to that of original material.

5. Testing

Each of the two pieces of the alloy 20 

plates is cut for specific dimensions. These cut 

dimensions of the plates are used for the 

different mechanical testing processes. Hence, 

the dimensions for each of the test pieces are 

specified in prior. It is also made a point to use 

the same dimensions of each of the plate (with 

and without coating) for every test carried out. 

This is done in order to ensure that the 
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comparison test carried out between the plates are done 

fairly.

The different types of tests carried out for the plates are as 

follows-

1. Tensile test – (60 x 20 mm)

2. Hardness test – (20 x 20 mm)

3. Corrosion Test – (20 x 20 mm)

The above mentioned dimensions are 

specifically applied for each testing process that is carried 

out on the plates. Testing of the pieces of the plate was 

conducted in a private testing laboratory.

5.1 Design of Corrosion testing process

This project mainly aims in improving the 

corrosion resistance property of the nickel alloy 20 using 

surface treatment. The further applications and 

implementations areas of the surface coated nickel alloy 

can be studied conditional to the improvement in 

corrosion resistance. A detailed study was done and tests 

under suitable conditions were performed in a trial and 

error method using different parameters to understand 

the nature of the corrosion resistive property of the alloy.

The parameters considered during the corrosion test are 

as follows-

 Chamber temperature : 34.5-35.5 °C

 Pressure : 14-18 psi

 Concentration of solution used : 85% of 

sulphuric acid

The above mentioned parameters are the same 

which have been used for both the surface 

coated and non surface coated test pieces.

6. Result and Discussion

Fig. 2 Tensile test specimens

The above figure represents the 

comparison of the test pieces which have been 

cut from the parent alloy 20 plate for the 

individual testing processes. The test pieces in 

both the surface coated and surface non-coated 

cases have been cut to the same dimensions for 

each test performed. The condition of operation 

has been the same in order to analyse the 

advantage of the surface coated test piece.

Table. 1 Properties Comparison 
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TESTING 

CONDITIONS

WITHOUT 

SURFACE 

TREATMENT

WITH 

SURFACE 

TREATMENT

Tensile test-
Test piece nitrided for 6 

hours at 450°C
620 Mpa 850 Mpa

Hardness test-
Test piece nitrided for 6 

hours at 450°C
19 HRC 26 HRC

Corrosion test-
Performed at 35°C with 
a maximum of 18 psi at 
85% concentration of 

sulphuric acid

White rust 
formed upon 
the surface 

layer

No visible rust 

formation 

detected

In the tensile test the surface to be coated test 

piece is plasma nitride for 6 hours. The observation of 

the tensile strengths obtained among the coated and non-

coated pieces of dimensions (60 x 20 mm) shows that 

the tensile strength of the plasma nitrided piece of alloy 

20 is greater than the tensile strength of the non-coated 

piece.

Hardness test of the test pieces was also carried 

out under the same operating conditions which were 

preferred during the tensile testing of the pieces. Upon 

the observation of the hardness obtained in the result, it 

is also clearly seen that the hardness of the non-coated 

piece of dimension (20 x 20 mm) is lesser than 

that of the piece of alloy 20 that has been 

surface treated.

The corrosion test of the test pieces 

were exceptionally performed under the above 

specified test conditions. Corrosion resistance 

is the only aspect of comparison which would 

bring out the better application possibility of 

the surface coated alloy 20 test piece in parallel 

to the non-surface test piece. The results of the 

corrosion test also denotes that the alloy 20 

material which has been surface coated by 

using plasma nitriding possesses a upper hand 

upon testing it with in comparison to the non-

coated pieces of the same material.

7. Conclusion

Hence the comparison of the alloy 20 

plates has been successfully completed. The 

tests have yielded improvement in the properties 

of the surface treated material along the non-

surface material. Therefore it is proved that the 

surface treatment of the alloy 20 material 

increases the capacity of its characteristics. This 

satisfies the aim of the project.

Among the improved test results, the 

extensive improvement in the corrosion 
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resistance of the alloy 20 material after surface treatment 

using plasma nitriding has developed its purposed to be 

replaced in the place of conventional alloy 20 material 

applications. Hence in accordance to the previously 

mentioned scope of applications the surface treated 

nickel alloy has proven to be fit to implemented in those 

sources.
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