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Abstract- As the need for interchangeable parts which require grinding limits of 0.025 mm or less has increased, components 

which can withstand load and give more life are required. Nitriding is an important thermo-chemical surface treatment that is used 

to improve the wear and corrosion resistance as well as the fatigue endurance of steel parts. The Nitriding process is a method of 

obtaining very high surface hardness with a minimum of distortion and can be done at temperatures which permit complete 

finishing of the object to be nitrided before the operation. This is a great advantage over the cyanide process or the case hardening 

process. The inherent disadvantage of case hardened parts is warpage particularly those made from certain grades of steel and of 

non uniform sections. The cost of the scrap due to rejections has been high and a process of heat treating which would eliminate 

losses caused by distortion in finished parts would be of great advantage. The Cylinders and Pistons which form an important part 

of the general engineering use undergo large number of cycles. Due to the high utilization these parts are to be surface hardened to 

delay the early worn out situation. In the present paper, surface hardening of bushes made of 17-4 PH material by nitriding at 

different case depths are studied to see the suitability of replacement of bushes in gear box and in general engineering 

applications, to reduce the replacement of spares and also breakdown maintenance costs is attempted. The precipitation hardening 

steel (17-4PH)  used in critical areas of the Nuclear Power Plants where the situation demands highly surface hardened parts. The 

experimental work is carried by simulating the actual use of bush in a gear box of a Granite Cutting Machine. The life of bush 

made of various materials and with different case depths in the nitriding process is obtained from simulated process. The bush 

made of 17-4 PH material with 0.15 mm nitriding case depth could withstand more number of cycles than that of bushes made of 

other materials. 
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1. INTRODUCTION 

The nitriding process, first developed in the early 1900s, 

continues to play an important role in many industrial 

applications. Nitriding is a surface treatment technique used 

to introduce nitrogen into metallic materials to improve their 

surface hardness, mechanical properties, wear and corrosion 

resistance, as well as fatigue life. It is a low temperature 

treatment that produces thin hard layers on the surface of 

steel to improve its wear resistance. Nitrogen is diffused into 

the surface of the steel to form the layer. Ammonia acts as a 

source of nascent nitrogen as it cracks on the steel surface 

and the nascent nitrogen diffuses into the steel. The secret of 

the nitriding process is that it does not require a phase 

change from ferrite to austenite, nor does it require a further 

change from austenite to martensite. Furthermore, because 

only free cooling takes place, rather than rapid cooling or 

quenching, no subsequent transformation from austenite to 

martensite occurs. Again, there is no molecular size change 

and, more importantly, no dimensional change, only slight 

growth due to the volumetric change of the steel surface 

caused by the nitrogen diffusion. The distortion is the 

induced surface stresses being released by the heat of the 

process, causing movement in the form of twisting and 

bending.   

Although the above methods are well established, 

some of them have disadvantages from an engineering 

viewpoint, for example, they may require the use of rather 

complicated and/or expensive apparatus. One of the 

traditional and most commonly applied nitriding methods 

for steel parts is salt bath nitriding by means of liquid salts 

containing cyanide and cyanate. Nitriding has reached 

maturity and become an accepted, though sometimes 

misunderstood, process. Both the gas and salt systems have 

run an almost parallel course since the early part of the 20th 

century. The process has found its place in both low and 

high-tech applications and is becoming better understood by 

process technicians, metallurgists, applications engineers, 

furnace designers, and academics. Many developments in 

process techniques are being driven by environmental 

concerns and legislation. This has resulted in the 

introduction of more effective, efficient, and economical 

methods and equipment. Improvements can be seen in the 

development of gaseous methods, salt bath methods, 

fluidized-bed methods, and plasma processing techniques. 

The success of any heat treatment is measured by hardness. 

However, hardness is relevant to the materials application 

and its mechanical requirements. 

 

2.  PROCESS: 

Nitriding often is applied to low-alloy steels to 

harden the steel and improve corrosion resistance. Gas-

nitriding is a thermo-chemical surface treatment in which 

nitrogen is transferred from an ammonia atmosphere into the 

surface of steels at temperatures within the ferrite and 

carbide phase region. Nitriding being a low temperature 

process, minimizes the distortion and deformation of the 

heat treated parts [1]. Therefore, nitriding is an important 

surface treatment for ferritic steels.  
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The properties of nitrided steels are determined by 

the nitrided case microstructures. To ensure the reproducible 

and desirable properties from batch to batch, the nitriding 

need to be controlled to ensure the microstructure evolution. 

The successful nitriding process control depends on 1) 

process parameters selection to meet the specification, 2) 

accurate process parameters control during the process.  The 

nitriding process parameters include temperature, time, and 

the nitriding atmosphere. For the nitriding atmosphere 

control, the ammonia dissociation rate was traditionally 

adopted as the controlling parameter. It represents the 

percentage of ammonia dissociated into hydrogen and 

nitrogen and is manually measured by using a burette in the 

furnace exhaust gas. Since dissociation rate is not a visible 

measurement and the measurement is done manually, it 

introduces operator induced variability and cannot provide 

the accurate control on the nitriding process. Figure 1 shows 

the schematic compound layer and diffusion zone structure 

of nitrided iron/steel. 

 

Fig.1 Schematic of a typical nitrided case structure 

2.1 Defects in Nitriding 

It was found that a high degree of free hydrogen 

will produce a decarburization of the upper case with 

attending swelling and sponginess. Nitriding is accompanied 

by decarburization, but we do not find that this 

decarburization is primarily a factor in the sponginess or 

brittleness of the case or that increasing hydrogen will cause 

any increase in brittleness. It is a fact, however, that the 

disassociated hydrogen may have a somewhat different 

effect upon the material being nitride than hydrogen, as 

such. It is evident from the above that nitriding is 

accompanied by a decarburization due to the hydrogen 

reaction, and that this decarburization increases as the 

temperature of nitriding increases. It is difficult to determine 

the extent of decarburized surface, but since the nitriding 

process is accompanied by an increase in weight, it is 

probable that the removal of the carbon is accompanied by 

the substitution of nitrogen. 

The process parameters for gas nitriding include: 

i. Furnace temperature 

ii. Process control 

iii. Time 

iv. Gas flow 

v. Gas activity control 

vi. Process chamber maintenance 

All these factors help to reduce distortion during 

the process, with the exception of induced residual stresses. 

Another benefit of nitriding is that it acts as stabilizing 

process by providing an additional temper to the processed 

steel. Control of the process parameters is necessary to 

ensure formation of an acceptable metallurgical case. 

Without control, repeatability of the metallurgical 

requirements cannot be guaranteed. 

The principal applications of the nitriding process 

are for parts which require high wear resistance, high fatigue 

resistance or both. Wear resistance results not only from the 

high hardness of nitride cases but also from their ability to 

retain this hardness in a temperature range at which 

conventionally hardened steels would soften. The resistance 

to seizing or galling is therefore greater and this accounts for 

the success of nitride parts in applications where non 

lubricated or poorly lubricated conditions exist. Resistance 

to seizing or galling is also due to the good frictional 

characteristics of nitride surfaces. 

The compressive stresses in nitride cases result in 

improved fatigue properties, particularly reduction in notch 

sensitivity. These compressive stresses counteract localized 

surface tensile stresses originating at imperfections and thus 

reduce the tendency for such defects to initiate fatigue 

cracks.  

Fatigue cracks in nitride parts usually start at the 

junction between the case and core rather than at the surface. 

The reason for this is evident since this is the region of 

maximum tensile stress under bending loads. Freedom from 

distortion in hardening is also an important consideration for 

the use of nitriding in the manufacture of many parts. This 

feature results in decreasing or eliminating expensive 

grinding operations. In particular, if the two-stage method of 

nitiding is used, it is frequently possible to meet dimensional 

tolerances without any final grinding operations. 

2.0 EXPERIMENTAL PROCEDURE 

Nitrided Cylinders / Bushes are being used in 

Engineering / Nuclear Industries to overcome the frequent 

replacements of the worn out components. In this 

experimental study, a Granite Cutting Machine is selected 

which is of Japan Make and is more than 25 years old. The 

Gear Box Gang Bush in the cutting machine arm is 

frequently worn out and it has to be replaced frequently. As 

it is very old machine, the replacement of imported spares is 

difficult and costly also. SS 316 material for manufacturing 

the bushes for replacement was tried. The running time of 

machine is 16 hrs every day. It requires atleast 2 

replacements of bushes in a week and for each replacement 

four to five hours. Experimental work is carried out with 

alternative bushes made of EN 24 material, Heat Treated to 

30 HRC, 17-4 PH material Heat Treated to 30-32 HRC 

bushes. Further investigation is done by using bush made of 

17-4 PH material heat treated to 30-32 HRC followed by 

Nitriding to a case depth of 0.05, 0.1 and 0.15 mm 

separately. Trails were done on on a small cutting machine 

by simulating the process. The composition of 17-4PH 

which is used for the experimental work is as shown in the 

Table. 1. 

Table. 1 Chemical Composition of 17-4PH Material 

Che-

mical 

C Mn Si Cr Mo Al 

% 0.3-

0.4 

0.4-

0.6 

0.3 

max. 

1.25-

1.75 

0.15-

0.25 

1.00- 

1.25 
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Figure 2 Sequence of Operations 

2.1   Inspecton, Tests and Reports: 

Critical dimensions of components whose 

dimensional measurements which are taken before 

Nitriding, are measured and recorded after Nitriding also. 

Case hardness of all components is also be recorded. All 

control samples are sectioned for evaluating average case 

depth attained by Nitriding. For components acceptance, the 

following criteria is followed.  

i) All the control specimens of heat should show an 

average case depth of minimum 175  microns. 

ii) Case hardness of all the components is of 

minimum RC 62.  

1 Pre-production nitriding trial on sample 

Dia.60x50mm is done to establish procedure.  

2 For each heat of Nitriding, the following details are 

recorded. 

i)         Serial nos. of components nitrided for 

 each nitrided heat.            

ii)  Dimensional inspection before and after 

Nitriding and time temperature chart of 

the entire Nitriding cycle. 

iii) Pressure and percentage dissociation of 

Ammonia measured at the outlet of retort 

at every half an hour during Nitriding 

cycle. 

iv)  Test results of case hardness and case 

 depth. 

  
Fig 3. Machining under process 

 
Figure 4 Experimental setup 

      

 
Figure 5 Nitirding Furnace 

 
Figure 6 Controlling Unit 

 
Figure 7 Dissociation Measuring Equipment 

 

3 RESULTS AND DISCUSSIONS: 

In this experimental study, A Granite Cutting Machine arm 

bushes in the cutting machine srm are frequently worn out 

and they require replacements frequently. Nitrided Cylinders 

/ Bushes are being used in Engineering / Nuclear industries 

to overcome the frequent replacements of the worn out 

components. 

Time for replacement: 4-5 Hours.  

I Material used for Bush: SS316 

Frequency of replacement: Atleast 2 times in a week  

II Alternative Used:  
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Material used for Bush: EN 24 material, Heat Treated to 28 

HRC 

 Frequency of replacement: 9-10 days. 

Material used: 17-4 PH material Heat Treated to 30-32 

HRC, without Nitriding  

Frequency of replacement: 12-13 Days 

Material used: 17-4 PH material Heat Treated to 30-32 

HRC, followed by Nitriding to a case depth of 0.05 mm 

Frequency of replacement: 20-21 Days 

Material used: 17-4 PH material Heat Treated to 30-32 

HRC, followed by Nitriding to a case depth of 0.1 mm 

Frequency of replacement: 35-36 Days 

Material used: 17-4 PH material Heat Treated to 30-32 

HRC, followed by Nitriding to a case depth of 0.15 mm 

Frequency of replacement: 2 Months 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 Damaged Bushes after few cycles 

 

The main purpose of the experiment is to replace 

the existing Bush of the Gear Box Bush with a Bush with 

suitable material & surface condition to withstanding for 

long life.Lathe Machine with suitable equipment as shown 

in the figure was used and the Cycle Test was carried for 

each Bush and the results are as follows. 

 

 

Sam

ple 

No. 

Material of Bush No. of Cycles 

the  

sample could 

withstand 

1 SS316 1,68,000 

2 EN24 Heat Treated to 28 HRC 2,52,000 

3 17-4PH Heat Treated to 32 HRC 3,40,000 

4 17-4PH Heat Treated and Nitrided 

with 0.05mm case depth 

6,00,000 

5 17-4PH Heat Treated and Nitrided 

with 0.1 mm case depth 

10,00,000 

6 17-4PH Heat Treated and Nitrided 

with 0.15mm case depth  

16,00,000 
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