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ABSTRACT: This work aims to study the effect of the thermochemical (nitro-carburizing) and mechanical 

(ultrasonic shot peening USP) surface treatment on surface characteristics such as hardness, roughness, residual 

stress, microstructure and corrosion behavior of biomaterial stainless steel grade 316 L.  Nitro-carburizing process 

was done in temperatures 580 oC at 90 minutes  and carry with ultrasonic shot peening process using shot ball 

from hard steel with diameter of 0.4 mm in different  times  at 30 and 60 min. Corrosion test was done in corrosion 

cell content on  sea water (3.5% NaCl solution) by using potentostat instrument. The result shows that 

thermochemical process was formation of compost from nitro-carburizing layer (white layer) with thickness 10 

µm by diffusion inner in metal layer. Also we found that the mechanical treatment by ultrasonic shot peening has 

cause produce of compressive residual stresses in surface layer of metal which officiates to increase the hardness 

of stainless steel surface. Thermochemical and mechanical processes had caused to form of carbides of NiCrMo 

and NiCr which hard surface layer.  It was shown that both processes caused increase in surface roughness and 

hardness with increases the time of ultrasonic shot peening.  Also the corrosion results noticed that the nitro-

carburizing and ultrasonic shot peening caused a decrease in pitting corrosion resistance for all samples after 

thermochemical and mechanical surface processes. 
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INTRODUCTION 

The family of stainless steel is very large applications. Austenitic stainless steel has good quality against corrosion 

resistance, good formability and highest weld ability. Chromium element was reacts with the oxygen to formation 

a hard strong from adhesion layer from chromium oxide on the surface metal which is responsible to lead the good 

corrosion resistance [1-2]. Many types of stainless steel were used in different applications such as mechanical 

industry, petroleum equipment, biomaterials, food manufacturing industry, shipping and house equipment.  

Austenitic stainless steel has medium mechanical properties such as hardness and wears resistance. It is possible 

to improve these properties by chemical surface heat treatment such nitriding, carburizing and carbonitriding [3].  

But it is found that the nitriding treatment has disadvantageous effect on the corrosion resistance due to formation 

of chromium nitride on the surface (CrN) [4-5]. To prevent this problem, many replacement techniques which is 

used a mechanism to form a martensite transformation which improves the corrosion resistance [6].  Mechanical 

surface treatment by general shot peening or ultrasonic shot peening are caused to improve the mechanical 

properties, hardness and wear resistance [7]. This due to formation of compressive residual stresses in surface 

metal layer and local plastic deformation in the metal surface which is depended on type of ball, shot speed, volume 

of ball and ball hardness [8]. Many researchers studied the different methods from surface treatment on steel. 

Cajner [9]; was studied the effect of chemical surface treatment used nitriding by plasma method and liquid 

carbonitriding on the stainless steel type (X17CrNi16-2). He found that the layer surface hardness and wear 

resistance modified by formation of nitride and carbide components on the surface to improve the mechanical 

properties.  He found and suggests improving the corrosion resistance by using nitiding process in low temperature. 

Cho [10]; was studied the mechanism of surface of heat treatment on medium carbon steel type H13. The process 

includes a quenching and followed by tempering.  He found that the hardness were  increases from 56 HV to 1250 

mailto:50087@uotechnology.edu.iq


 

 Effect Of Thermochemical And Mechanical Surface Treatments On Metallographic Of Biomaterial Stainless Steel Grad 316l 

 

313 
 

HV after exposure the surface to mechanical treatment by shot peening at peening time of 60 second. Triwiyanto 

[11]; was studied  the chemical heat treatment applied on  austenite stainless steel 316L by using carburizing, 

nitriding and carbontriding at lower temperature 450 oC. He found improve the hardness values were reached to 

1600HV and 450HV in nitriding and carborizing processes respectively. Also the results showed that the wear and 

corrosion resistance improved as compare to the untreated metal. Triwiyanto [12]; studied the effect of chemical 

heat treatment by used nitriding process. Parameter of nitriding time was effect on metallographic and wears 

characteristics of austenitic stainless steel 316L. He found increase in wear and hardness properties because of 

increases in nitriding time and lead to increase depth of layer hardening surface. He found that the hardness 

increases to 754 HV after exposure for 8 hr of nitriding time as compared to untreated metal.  Pia Kutschmann 

[13]; study focuses on the modification of a classical gas nitriding process for AISI 316L thermal-sprayed coatings. 

These study investigates an adjusted process management for low-temperature gas nitriding of high velocity oxy-

fuel-sprayed AISI 316L coatings. The temperature-time of the gas nitriding process is kept constant at a 

temperature of 420 0C at 10 h. They found enhanced hardness and improved wear resistance and good corrosion 

resistance of stainless steel is found in comparison with the as-sprayed coating condition. The aims of this study 

is to avoid a failure on surface metal which exposure on external impact using thermochemical (nitro-carburizing) 

and mechanical (ultrasonic shot peening) surface treatment  to improvement the surface characteristics and 

corrosion behavior  of biomaterial stainless steel grade 316L. 

EXPERIMENTAL WORK  

Material  

The chemical composition analysis of the material used in this study which was austenite stainless steel grade 316 

L for used in wide applications of medical  as shown in Table 1. The mechanical Properties of 316L Stainless Steel 

as shows in    Table 2. Classification of specimens according to type of treatment process as explain in Table 3. 

Table 1. Chemical analysis of stainless steel grade 316 L 

Elements Actual value Standard  value 

Fe 68.8 - 

C 0.068 0.3 

Si 0.429 0.75 

Mn 1.63 2 

Cr 16.9 16-18.5 

Mo 2.57 2-3     

Ni 8.49 10-14 

Table 2. Mechanical Properties of 316L Stainless Steel 

Modulus of 

Elasticity  

(Gpa)                      

Yield        

Endurance      

Strength      Limited 

( Mpa)         (Mpa)                           

  Brinell 

Hardness 

  (HB)                                                                                                                      

   

  200 

  

 170              244                            

   

 217 

   

Table 3. Classification of samples according to surface treatments 

Symbol Treatment Process 

A As received 

B nitrocarburising 

C nitrocarburising + Ultrasonic shot 

peening at 30 min 

D nitrocarburising + Ultrasonic shot 
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peening at 60 min 

E Ultrasonic Shot peening at 30 min 

F Ultrasonic Shot peening at 60 min 

 

Mechanical surface treatment process 

 Mechanical surface treatment process by using  ultrasonic Shot peening process (USP) was done on specimen 

surface by using machine type STB-OB. Device was shot velocity 30m/s at different times 30 and 60 minutes and 

impact direction has Multi direction with Coverage rate 20%/s.  In ultrasonic shot peening are propelled by 

oscillating hard body. The range oscillation frequency is very high (over 18 kHz). Figure 1, shows the Equipment 

of USP mechanism. The characterization of ultrasonic shot peening process as shown in Table 4. 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic illustration of the mechanism of ultrasonic shot peening; (1) The setup consists of work 

piece, (2) hard ball shots, (3) Enclosure, and (4) blare which connected to generator of ultrasonic signals. 

Table 4. Characterization of ultrasonic shot peening process 

Parameters Characters 

Shot size diameter 0.4mm 

Shot velocity ≤ 20m/s, distribution - large 

Impact direction Multi direction 

Coverage rate 20% /s 

Hardness 50-60 HRC 

Chemical surface heat treatment process 

Thermochemical surface process by nitrocarburising process is considered as exposes the metal surface in the Salt 

bath of mixture which involves liquid salts media that contains from 30%NaCl, 40%NaCN, and 30%Na2Co3. Salt 

bath nitrocarburizing is carried out in electrically heated in crucible furnaces. The salt mixture was heat t0 580 oC 

withhold time at 90 min.  After nitrocarburising, quenching in an oxidizing salt bath (380-420°C) produces a black 

iron oxide (Fe3O4) on the surface. Finally cooling in room temperature [14]. 

Metallographic Examination and Hardness Test 

Stainless steel grade 316L samples were prepared including: grinding, polishing, etching and examination by using 

optical microscope. The grinding process was done with water by using emery paper of SiC with the various 

grainier of (220,320,500, &1000).  Polishing process was done to the samples by using Al2O3 with size 0.2μm 

and followed by cloth.  All samples must dry with hot air after cleaned with water and alcohol. Etching process 

was done with solution consists (49 CuSO4 + 20ml HCl + 20ml distilled water). Final the samples were washed 

with worm water and alcohol and dried in oven. The samples were examined by optical microscope type DXM-

1200F. The distance between any two adjacent readings was 1 mm. The digital Vickers reading microhardness 

instrument of type (Qulitest, QV-100-Japan) was used for microhardness test to determine the depth layer of 

nitrocarburising by using a load 200 gm for 10 sec. Compressive residual stress was measured by using 

computerized instrument XRD-6000 shimadzu which was used to strain measurement in lattice crystal from upper 

surface of metal. The surface roughness was measured (Ra μm).  
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Corrosion Test  

Electrochemical corrosion test done on specimens were made according the standard ASTM G71-31 with 

dimensions (15×15×3) cm which immersed in the  sea water (3.5wt% NaCl ) solution at temperature 25°C.  

Polarization experiments were carried out in “WINKING M Lab 200” Potentiostat from Bank-Elektronik with 

electrochemical standard cell as shown in Figure 2, with provision for working electrode, auxiliary electrode (Pt 

electrode). Electrochemical measurements were executed with a potentiostat at a scan rate 3 mV/sec. The main 

results attained were expressed in terms of the corrosion potentials (Ecorr) and corrosion current density (icorr.) 

along with measure the Tafel slops[15].  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Device of the electrochemical corrosion cell. 

RESULTS AND DISCUSSION 

Microstructure Examination 

Fig. 3 shows the effect of single nitrocarburising, single shot peening and combined effect of carbonitriding with 

USP shot peening on microstructure and comparison with the microstructure of sample A (as received) or 

untreated. The microstructure which consists of austenite and ferrite phases as shown in sample A. The 

nitrocarburising process depends on nitrocarburised layer thickness and the time of carbonitriding. This layer has 

white band and high hardness because formation of chromium nitride layers NiCr and NiCrMo with thickness 

10µm as shown in sample B. The effect of shot peening time at 30 min after nitrocarburising on microstructure 

consists of fine grain size of martensite phase comparison with sample A as shown in sample C. An increase in 

shot time to 60 min that’s effect to increase regular distribution of martensite phase as shown in sample D. It was 

found that the mechanical surface treatment by shot peening at time 30 min was more effect to formation of 

martensite phase due to plastic deformation as shown in sample E. While an increase in USP time to 60 min lead 

to increase plastic deformation to formation more martensite phase as shown in sample F. These results are 

agreement with results of [16] and [17]. 
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Figure 3. Microstructures of all samples A, B, C, D, E and F. 400x. 

Micro, Macrohardness and Surface Roughness 

Figure 4; Shown the micro hardness test was carried out on the cross section of the samples B, C and D  even to 

exists  the value of hardness in depth of surface layers.  The depth of hardness was 0.15mm estrangement to surface 

hardness was increase in the metal surface and then minimizes and vanished with increasing distance from the 

surface.  An increase in the ultrasonic shot peening time after carbonitriding lead to increase in microhardness, it 

reached to highest value at 1300HV in case of sample D.  Table 5; Shows the surface hardness values with different 

surface treatments, an increase hardness with increasing USP shot time. This is because increase the density of 

dislocation, twin in grain boundaries and the work hardening of surface layers were increases. Also with increasing 

of USP peening time the work hardening and plastic deformation are increased due to martensite phase formation. 

It was found that the sample D has more  hardness value ( HRB 66) than other samples B and C ( HRB 58 & 65) 

respectively .This is due to combined effect of nitrocarburising treatment followed by USP  peening and because 

of formation of chromium nitride phase  NiCr and NiCrMo.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Microhardness distribution on cross section with different surface treatments in samples B, C and D. 
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Table 5. Microhardness, residual stress and surface roughness with different surface treatments 

Specimen 

symbol 

HRB 

(Kg/mm2 ) 

Residual  

stress 

( Mpa) 

Ra 

    (µm) 

    

A 35 - 0.06 

B 58 -275 0.003 

C 65 -285 2.3 

D 66 -340 2.4 

E 70 -340 2.5 

F 75 -260 2.55 

 

It is known that the increase in surface roughness is well recognized as a side effect of shot peening process. As 

shown through these processes the mean value of surface roughness (Ra) that can be considered of the surface 

roughness has increased from 0.06 to 2.55 µm. XRD measured that a considerable depth of residual stress of metal 

was characterized with significant residual stress. This is shown by the comparison of depth residual stress between 

samples as received and different specimens which was subjected to thermal and mechanical surface treatments.  

It can be observed that values under effect of mechanical and nitrocarburising surface treatments.  An increase in 

USP shot times cause to increase in residual stress, surface roughness [18]. 

Electrochemical Corrosion Results  

Figure 5; show the polarization curves for samples A, B, C, D, and E&F respectively after different surface 

treatments.  Figure 5A, shows the polarization curves for base alloy of stainless steel 316L resulted from corrosion 

test in 3.5wt% NaCl solution. This figure includes tafel curves and cyclic polarization curves. Tafel equation was 

used to find corrosion rate (in mpy) while the (Ecorr.) and (Icorr.) are determining from Tafel lines slopes of 

cathodic and anodic polarization curves. It was shown that the corrosion rate of  as received metal (untreated )of 

stainless steel 316 L was larger than that of samples treated with nitrocarburising process and/ or USP  peening 

process. It has found that of base alloy 316L (sample A) has corrosion potential (E corr.) less negative (more noble) 

than the treated samples (B, C, D, E, &F). Table 6, shows the results of corrosion parameters after electrochemical 

corrosion test. The passive of stainless steel 316L (sample A), which has pitting potential at -293 mV at current 

0.694 µA/ cm2. This is because of formation of chromium oxide layer that’s lead to increase current due to pitting 

corrosion. It was noticed decrease in corrosion resistance of nitrocarburising samples by formation chromium 

nitride NiCr and NiCrMo, these behaviors are shown in samples B, C and D. When comparison this behavior with 

USP process only. It was seen the increase in corrosion rate because remove the layer of chromium carbide by 

plastic deformation. An increase USP time lead to increase in corrosion rate as shown in samples E and F which 

explained the damage surface after corrosion test as shown in Figure 6. These results are agreement with results 

of [19]. 
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Figure 5. Polarization curves for samples A, B,D, C, D, E,F 

Table 6. Result of corrosion parameters with different surface treatments 

Specimen 

symbol 

Icorr. 

(µA/ cm2) 

E corr. 

( mV) 

Corrosion 

Rate 

Mpy 

A 0.694 -293 0.2985 

B 1.65 -388.3 0.7095 

C 13.16 -355.6 5.658 

D 7.93   -349 3.4099 

E 3.23 -341.7 1.3889 

F 2.7 -338.3 1.161 
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Figure 6. Micrographic surface damage of samples after corrosion test with different surface treatment process. 

400x. 

CONCLUSIONS 

The study of thermochemical and mechanical surface treatment of biomaterial stainless steel 316L involves the 

following results:  

1- Thermochemical and mechanical surface treatments process has improvement pitting corrosion resistance by 

decreased the corrosion rate for all treated samples comparison with the base alloy. 

2- Mechanical treatment by USP was effect to produce the compressive residual stresses in the surface metal of 

stainless steel which increase the surface hardness cause generates a passive layer formation. 

3- Thermochemical process by nitro-carburizing  has effect  to the generates  of hard surface layer from  NiCrMo 

and NiCr, causes to  increase the hardness depth up to  0.15mm from surface. 

4- The hysteresis loop cycle in anodic polarization region extended and became occupy more area after nitro-

carburizing and / or shot peening compared with untreated stainless steel 316L. 

5- It is observed that enhancement of surface roughness values under effect of thermochemical and mechanical 

surface treatments and increase roughness value due to mechanical treatment is well recognized as a side effect of 

shot peening process.   
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