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Abstract—In this paper we focused on the design of 

experiment for the characterization planning for Inconel-625 

super alloy. As far as the diversity of environmental factors are 

concerned, we performed heat treatment and corroding of the 

sample pieces for five different settings. Ion-irradiation on 

various fluence was performed for the bare, heat treated and 

corrodes samples. Combination of different parameters and 

different settings make multiple permutation and combination 

for the proper characterization of super alloy. This paper 

focused on the taguchi technique, which optimizes the numbers 

of trial for Ion-irradiation. Therefore, we performed the 

characterization with optimum numbers of irradiated samples. 

For the characterization of the treated and bare samples 

Scanning Electron Microscopy (SEM), Energy Dispersive 

X-Ray Analysis (EDAX), X-ray powder diffraction (XRD) and 

wear tests are performed. 

 
Index Terms—Nitreding, ion irradiation. Inconel-625, SEM, 

EDAX.  

 

I. INTRODUCTION 

  There is always a need of super alloy in the fields of 

aeronautical, aerospace, and marine applications. Inconel625 

has good mechanical properties, weldability, and resistance to 

high temperature corrosion, which makes it a super alloy to 

perform for such specific needs. As far as concerned about 

the Inconel-625 ability to perform under some extreme 

environmental conditions, Inconel-635 can use to protect the 

sophisticated sensors and electric systems form ion 

irradiation in the fields of aeronautical application. For the 

optimize use of the super alloy we need the proper 

characterization of the alloy in various condition to that we 

can predict the right amount of thickness to be used for the 

application as a protecting shield for the sophisticated sensors 

and electric systems. Nickel-chromium base super-alloys 

especially Inconel-625 are well-known for their excellent 

performance at elevated temperatures like outstanding 

surface stability, high mechanical strength and resistance to 

corrosion, oxidation and thermal creep. Inconel 625 is a high 

strength, corrosion resistant superalloy widely used in the 

chemical industry for its resistance to a variety of aqueous 

corrodents.  
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The composition of the Inconel 625 majorly followed by 

65.8% Ni, 20.75% Cr, 8.27% Nb, 1.04% Fe, and 0.216% Ti. 

By this we can understand that the alloy has high nickel and 

chromium percentage which provide it hardness and strength 

too. 

II. PROBLEM IDENTIFICATION  

The Key issue for technical development in the field of 

automobile, textile, plastic, foundry, forging tools –defense 

sector and fusion technology for simultaneous satisfying for 

the requirement of high material performance. It is necessary 

to modify surface properties of steel components. Plasma 

nitriding is a very advance technology for surface 

modification. The performance of nitrided component and 

aforesaid advantages are encouraging to work with this new 

technology. Inconel 625(Nickle Base Alloy) has high 

temperature resistance property and commonly used for high 

temp. Applications such as Nuclear Power Plant, Aircraft gas 

turbine points. Therefore, a right treatment of surface 

modification is required through ion irradiation process, here 

we finalized the nitriding through plasma medium. In this 

process the high fluence low pressure nitrogen ions are 

provided for the surface treatment of the Inconel 625. This 

approach of low-pressure plasma nitriding has been chosen 

based on the research data available of the past researchers of 

the same field. To identify the right treatment strategy and 

settings, we required the detailed investigation of the 

dynamic factors effect on Inconal 625. For this we conducted 

various experiment trials for the sample preparation before to 

go for plasma nitriding. Each and every method of sample 

preparation is totally different from the other treatment so that 

we can get identification of the dynamic factor effect on the 

surface for the plasma pretreatment. If any sample provides 

good results will treat as the identified item for the surface 

treatment method identification. For the sample preparation 

we have lot of variables and their levels to it was really 

difficult to design an experiment for the same. 

III. SAMPLE PREPARATIONS 

Three types of samples are being prepared to conduct 

experiments (nitriding process) for Inconel 625 are as below: 

I. Cutting &polished sample without after/further 

treatment (Bare Samples) 

II. Cutting & Polished with Corrosion in various 

environments. (Corrode Samples) 

III. Cutting & Polished with Heat Treatment at various 

Parametric Settings. (Heat Treated Samples) 
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In the Fig. 1 we can see the corrode samples of Inconel 625, 

the corroding process can clearly shown. Here small piece of 

20 x 20 mm sample dipped in various chemicals for the three 

different setting timings i.e., 72 hrs., 140 hrs. 240 hrs. The six 

different chemicals used are H2SO4, KOH, NaOH, HNO3, 

HCl, and Chromic Acid. The number of possible 

combinations here are 18. 

 

 
Fig 1: Corrosion Process with various environments  

(Contact hr. range: 72 hrs., 140hrs, 240 hrs.).  

(Chemical used here: H2SO4, KOH, NaOH,  

HNO3, HCl, Chromic Acid) 

 

As far as the annealing is concerned the furthermore 

samples are required to perform the full experimental 

investigation for the Inconel 625. In this series we can see if 

only 2 types of samples in annealing are used, this will 

increase the sample preparation requirement double. In the 

practical approach we required annealing for 5 different 

settings, nitriding for time based three different settings and 

the nitriding temperature for four different settings. For this 

whole system experiment we required 2160 samples as well 

as sample preparation time and other consumables to perform 

the experiment for full factorial design. This can clearly 

understand that required huge cost, time, and labor. This is 

not as fit for the economies of scale as well as much attractive 

and optimized design of experiments approach. To overcome 

this, we moved towards optimizing the system settings. With 

the revised and optimize settings of the relevant parameters. 

If we go with full factorial design, this again required 256, 

still not feasible, time taking, and required huge cost. 

 

Table1: Five factor variables with corresponding levels 

(without Optimized)  

 
 

 

Full Factorial Multilevel Design for sample preparation 

without optimized parametric settings (MiniTab): 

 

 

 

 

 

 

 

 

 

 

IV. UNITS 

 

 

 

Table2: Five factor variables with corresponding levels   

(Optimized): 

 

 
 

 

Full Factorial Multilevel Design for sample preparation with 

optimized parametric settings (Mini Tab): 

 

 

IV. APPLICATION OF TAGUCHI FOR 

EXPERIMENT DESIGN: 

The optimized parametric settings as mentioned in the table 

no. 2 are used to design the experimental runs through taguchi 

technique. Here we perform this through the help of software 

package Mini Tab. The taguchi approach suggested the use of 

L16 array for the optimum run of the experiment, this has 

only 16 different parametric runs detailed as below. 
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Taguchi Design for sample preparation with optimized 

parametric settings (Mini Tab): 

 

 
 

Table 3: Parameters & Levels 

 

Parameters/ 

Level 
I (1) II (2) III (3) IV (4) 

Corroding 72 hrs. 120 hrs. 240 

hrs. 

360 hrs. 

Heat Treatment 7000 C 7500 C 8000 C 8500 C 

Nitriding Temp 4500 C 5000 C 5500 C 6000 C 

Nitriding Time 12 hrs. 24 hrs. NA NA 

Annealing Time 8 hrs. 12 hrs. NA NA 

The dynamic effecting factors/parameters are varied as per 

Table 4 for generating sets of experiments. The levels for all 

the parameters are coded i.e. I, II, III and IV. 

Table 4: Taguchi (L16) based parametric settings for five 

variables: 

Parameters F1 F2 F3 F4 F5 
MRR 

(gm/min) 

Run 1 1 1 1 1 1 0.016500 

Run 2 1 2 2 1 1 0.018590 

Run 3 1 3 3 2 2 0.019267 

Run 4 1 4 4 2 2 0.018242 

Run 5 2 1 2 2 2 0.017450 

Run 6 2 2 1 2 2 0.021240 

Run 7 2 3 4 1 1 0.021444 

Run 8 2 4 3 1 1 0.020958 

Run 9 3 1 3 1 2 0.022590 

Run 10 3 2 4 1 2 0.024950 

Run 11 3 3 1 2 1 0.021548 

Run 12 3 4 2 2 1 0.023687 

Run 13 4 1 4 2 1 0.030092 

Run 14 4 2 3 2 1 0.028789 

Run 15 4 3 2 1 2 0.019879 

Run 16 4 4 1 1 2 0.021065 

 

Above is the response observations of the plasma treated 

samples, as par the parametric settings of L16 array. The main 

effect chart has been plotted for the same. This cart provides 

us a platform to predicting the significance of parameters on 

response. Fig. 2shows the interactions of the various 

parameters with each other with reference to the 

observational factor. 

 
Fig 2: Main Effect Plot for MRR 

 

 
Fig. 3: Ion Irradiation facility, high fluence Ion Beam Facility 

at Nano Technology Centre, Allahabad 

 

Above is the Ion Irradiation facility, high fluence Ion Beam 

Facility at Nano Technology Centre, Allahabad. Here we 

conducted the irradiation of the samples with the ions of 

helium and nitrogen. With the SAM profile results shows the 

nitrogen ion are Havier and could not be able to penetrate the 

surface of the Inconel 625 alloy as helium can. The ion treated 

samples were also compared with the bare samples for the 

better understanding of the behavior of the material. 

Similarly, at the ahmdabad facility, we conducted the plasma 

nitriding process for the treated and bare samples. Similarly, 

the characterization like Scanning Electron Microscopy 

(SAM), Energy Dispersive X-Ray Analysis (EDAX), X-ray 

powder diffraction (XRD), machining test were performed 

for the topographic investigation. The results of the plasma 

nitriding and the high fluence nitriding were also compared. 

Below is one of the SAM images of the treated (corroded) 

sample. 

 

 
Fig 4: SEM Results: magnification 5 µm 
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V. CONCLUSION 

The present study focusses on the topographic investigation 

and characterization of the Inconel 625 supper alloy. Here we 

have taken various influencing dynamic factors and surface 

effecting variable simultaneously for the study. The 

interaction study of those variable is very needed for the 

better understanding of the Inconel behavior with the actual 

conditions of the environment. The characterization has been 

followed for the ion treated samples, but to get the actual 

environmental condition, different surface treatment methods 

were used. But it was too difficult to handle the data in the 

form of full factorial combination of all parametric settings. 

Therefore, optimization and Taguchi analysis is being used to 

handle data. Using Taguchi technique, only 16 experiments 

were required at different settings to get identification of the 

Inconel 625 characterization. Furthermore, the Scanning 

Electron Microscopy (SAM), Energy Dispersive X-Ray 

Analysis (EDAX), X-ray powder diffraction (XRD), 

machining test were performed for the topographic 

investigation.  
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