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Abstract: In industries, components have to operate under extreme prerequisites such as high load, speed, 
temperature and at a chemical environment. The materials are selected by commercial availability, cost and 
by considering by their properties like strength, hardness etc. AISI 904L is a high alloy stainless steel with 
low carbon content material having poor hardness on the surface and negative wear properties. Many of the 
engineering failures are due to fatigue, corrosion and poor wear resistance which are initiated in its surface. 
This causes cracks in the surface which reduces the life of the material. Also the surfaces of the materials 
are caused by severe thermal, chemical and shock loads. Chosen for this work, AISI 904L materials were 
subjected to plasma or ion - nitriding process and were treated to 3 different timing parameters like 24 hrs, 
48 hrs and 72 hrs respectively, maintaining constant temperature of 650oC. Among the availability of other 
nitriding process like gas and liquid nitriding, plasma nitriding gives good dimensional stability, uniform 
treatment, less distortion, uniform case depth irrespective towards size and shape of the specimen. For 
analyzing the wear properties, a pin on disc machine is utilized making the pin to get weared on disc against 
a load of 100N at a speed of 1000 rpm. Finally the metallographic studies were done by Scanning Electron 
Microscopic analysis. 

1. Introduction  

Stainless steels are modern materials. Ever since they 
became available to industries, their use has constantly 
extended into new applications. This process continues 
even today. To make successful use of the stainless 
steels, in wear resistant applications, it's necessary to 
understand the properties, their capabilities regarding 
corrosion resistance, the supply of product forms and 
surface finishes stainless steels are getting used for both 
corrosion and therefore the heat resisting applications[1-
3]. Stainless steels are known for resistance to corrosion 
and marking, low maintenance, relative in expense. and 
familiar luster make it a perfect base material for a 
number of economic applications. The usage of stainless 
steels is compared with that of carbon steels but exhibits 
a gentle growth, in contrast to the constructional steels 
and their properties in many cases relatively unfamiliar 
to the designer. 

Stainless steel is 100% recyclable. In fact, over 50% of 
new stainless steel is made from remelted scrap metal, 
rendering it a fairly eco-friendly material [4-6]. AISI 
904L stainless steel can be used in excessive temperature 
applications and enhance their properties, with 
steadiness to dimensions. To make successful use of the 
AISI 904L stainless steel in wear resistant applications 
and for excessive temperature applications, its 

mechanical properties needs to be improved, with 
stabilityindimensions. 
 
AISI 904L SS are used for heat resisting and resistance 
to corrosion applications. These steels satisfy the 
requirement in mixture with accurate mechanical houses 
and manufacturing traits and for this reason make it an 
crucial tool for the designers [7, 8]. AISI 904L Stainless 
steels have resistance to corrosion and staining, low 
maintenance, relative less expensive and familiar luster 
make it an ideal base material for a host of business 
functions [9,10]. Though these stainless steels 
characterize a low share of the complete amount of metal 
produced, they have a technological and financial 
significance because they are the key materials for 
chemical, petroleum, manner and strength industries. 
Austenite is formed though stable austenitizing elements 
such as Ni and Mn etc. These steels keep austenitic 
structure even at ambient temperature. Austenitic 
stainless steels are efficiently nonmagnetic in the 
annealed condition and can be hardened solely by cold 
working [11, 12]. Some ferromagnetism may be 
observed due to cold working or welding. They 
commonly have sensible cryogenic and excessive 
temperature energy properties. Chromium content is 
between 17.5 to 25% and Ni less than 35%.Typical 
application for the a number grades includes tanks, 
storage vessels and pipe work for corrosive liquids, 
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furnace and catalytic converter components, tanks, stress 
vessels, brilliant heaters, compensators and growth 
bellows. The excessive levels of chromium make a 
contribution to the first-rate wear behavior in austenitic 
stainless steel, making it suitable for use in submarines 
and nuclear power plant [13-15]. 
 

2. Experimental Procedures 

2.1 Material Preparation  
 
AISI 904L material containing composition of 0.02% C, 
2% Mn. 1% Si, 0.04% P, 19% Cr, 0.03% S, 23% Ni, 3% 
Mb, Remaining Fe were utilized in the investigations, 
the composition is shown in Table 1were prepared in 
circular shaped rods and discs. The sample having 100 
mm in diameter, 10 mm thickness were utilized as disc 
material and a diameter of 8 mm and length is 30 mm 
were utilized as pin material. Three samples of these 
treated steels were exposed to plasma nitriding process. 
Prior before the wear test, the samples were cleansed 
ultrasonically and dried and also to maintain a strategic 
distance from finger contact [16]. Before plasma 
nitrided, the samples were sand impacted, etched in 12% 
H2So4 for 15 minutes.  
      
2.2 Process Performed  
 
The plasma nitriding processes were done in a bell type 
heater shown in the Fig 2 for about 24 hours, 48 hours, 
72 hours respectively. Utilizing a standard pin on disc 
machine shown in the Fig 3, with the test pin turned at 
1000 rpm, with steady load of 100 N, to a constant time 
of 7 minutes [17]. The wear rates were determined by 
deciding the weight reduction and the time were 
recorded when the test is before and after test [21-23]. 
 

 
 
Fig 1. Plasma Nitriding Furnace Used   
 
Plasma-Nitriding is an advanced surface hardness 
method which includes nitrogen atoms diffused  into the 
metal at a plasma environment. Plasma nitriding is 
carried out in the location of odd glow discharge the 
place the work piece to be plasma nitrided is absolutely 
blanketed with glow and the voltage and contemporary 
will increase simultaneously. The work piece themselves 
become heated via the switch of strength associated with 
the action of ionic bombardment [18-20]. 

 
 
Fig 2. Pin on Disc Tribometer Used  

3. Results & Discussions 

3.1 Scanning Electron Microscope Results 
 
Fig 3 determines the scanning electron microscopy of 
Untreated AISI 904L sample. The peel of material are 
more, as the untreated samples was subjected to load of 
100 N. Fig 4 shows the microstructure of sample 
subjected to 24 hrs of treatment. Plasma ion nitrides 
were diffused at a process temperature of 6500C 
produced nitrogen expanded austenite layer with 
thickness of 2 μm and average hardness of about 
713Hv.[14-16] 
 

     
Fig 3. Untreated AISI 904L Sample after Wear 
 

 
 

Fig 4. Plasma Nitrided 24 hrs Sample after Wear 
 
Fig 5 shows the microstructures were composed of 
chromium nitrides treated to 48 hrs. It was noted that 
AISI 904L stainless steels was modified with the aid of 
low–strain-plasma-nitrided at same temperatures. The 
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end results confirmed that the phase composition effect 
and the microhardness profiles of the nitride layers were 
improved. Fig 6 shows the samples treated at a 
temperature for 72 hrs, has the improved austenite 
section showing the formation of  CrN phases [17-20]. 
The case depth of the nitrided layers increased with time 
of treatment. The hardness value of sample treated to 48 
hrs was found to be 892 HV and hardness upto 1021 HV 
for the sample treated to 72 hrs. 
 

 
 
Fig 5. Plasma Nitrided 48 hrs Sample after Wear 
       

 
 
Fig 6.  Plasma Nitrided 72 hrs Sample after Wear 

4. Conclusion 

One of the best quality surface-engineering technology is 
low temperature energetic display screen-plasma-
nitriding that can be used to enhance the put on 
resistance of austentic SS via elevated austenite 
formation. It was suggested and believed that an 
important role in this mechanism is the fabric sputtered 
from the active display and then redeposited onto the 
specimens. There is a great correlation between this 
patterned deposited layer and the grain orientation of 
poly-crystalline specimens which gave a further insights 
into the nitriding mechanisms. AISI 904L were explored 
by plasma hardening method through this current work. 
The hardness of the studied material was found to be 
enhanced from 291 Hv to 1021Hv. On comparing with 
the untreated specimen whose wear loss is around 0.92 
gm, very less wear loss of about 0.1 gm was obtained 
through this wear test. An extended austenite layer was 
fashioned on the surface of the surface with thickness 
ranging from 2 to 27 μm. 
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