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Sažetak 

Postupkom toplinsko kemijske obrade nitriranja ili nitrokarburiranja dijelovima izrađenim od 
različitih vrsta čelika povećava se površinska tvrdoća i otpornost na trošenje. Osim površinske 
tvrdoće i otpornosti na trošenje moguće je naknadnom toplinsko kemijskom obradom oksidacije 
QPQ (Quench polish quench) već nitriranih dijelova poboljšati i otpornost na koroziju. U radu je 
ispitana promjena tvrdoće po poprečnom presjeku uzoraka izrađenih od nisko-ugljičnog čelika 
obrađenog postupkom nitrokarburiranja s i bez naknadne oksidacije (TENIFER QPQ postupak), 
Analizirana je promjena u izgledu mikrostrukture površinskog sloja, debljina zone spojeva i 
promjena u efektivnoj dubini nitriranja (NHD). Rezultati ukazuju na promjenu u morfologiji 
difuzijske zone, promjenu u izgledu površine zone spojeva dok debljina zone ostaje ne 
promijenjena. U difuzijskoj zoni nakon naknadne oksidacije dolazi do izlučivanju nitrida čime se 
mijenja  i tvrdoća na mikro-razini. 

Ključne riječi: Nitrokarburiranje, QPQ postupak, naknadna oksidacija 

Abstract 

Thermochemical diffusion nitriding or nitrocarburizing increases surface hardness and wear 
resistance for many different types of steels. Besides enhanced hardness and wear resistance 
great corrosion resistance can be achieved using additional post-oxidation QPQ (Quench polish 
quench). Difference in surface layer hardness was observed in samples made of low-carbon steel 
after salt bath nitrocarburizing (TENIFER process) without and with post-oxidation (QPQ), 
changes in microstructure of surface layer, compound zone depth and changes in effective 
nitriding depth (NHD). Results indicate difference in compound zone (change in color from gray 
to black) while compound depth remains unchanged. In diffusion zone nitrides form needle 
structure, changing hardness on micro-level. 
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1. INTRODUCTION 

Nitrocarburizing (gas, powder or salt bath) is widely used thermochemical diffusion 
process for increasing surface hardness for wide range types of steels from low alloy to 
high alloy [1]. In addition of increasing surface hardness and wear resistance 
nitrocarburizing also improves heat resistance. One material property that classical 
nitrocarburizing does not change or not in substantial degree, is corrosion resistance [2-
3]. The QPQ or Quench Polish Quench is duplex process used for improving corrosion 
resistance, QPQ consists of nitrocarburizing, surface polishing and additional heat 
treatment of post-oxidation. Post oxidation changes surface layer of nitrocarburized steel, 
changing surface color from gray to black (formation of Fe3O4 compound) [4-5]. With 
difference in color comes difference in morphology of the compound layer. Post-oxidation 
compound layer is much more corrosive resistant, for low-alloy steels this heat treatment 
allows their use in much more corrosive environments compered to only nitrocarburized 
parts [6-8]. In this research difference in surface layer hardness was observed in samples 
made of low-carbon steel after salt bath nitrocarburizing (TENIFER process) without and 
with post-oxidation (QPQ). Also the changes in microstructure of surface layer, compound 
zone depth and changes in effective nitriding depth (NHD) were investigated.  

 

2. MATERIALS AND METHODS 

For the purpose of conducting experiments, two samples both made of low-carbon steel 
were made. Microstructure of samples is ferrite-perlite with majority of structure being 
ferrite. (Figure 1) 

 

Table 1. Content of alloying elements in samples made of DC01/EN10130 steel 

Element Max content, % 

C 0,12 

Mn 0,60 

P 0,045 

 

Table 1 shows alloying elements in samples. Because of 0,12% of carbon, microstructure 
of steel is made of 15% perlite and 85% of ferrite. Due to high ferrite content this steel 
has great ductility and ability to plasticly deform without fracture. But with low perlite 
content comes low hardness and wear resistance. 



 

Figure 1. Ferrite-perlite microstructure of EN10130 steel (x100, etching in 3% nital) 

 

Before nitrocarburizing samples were annealed at the temperature of 580°C in order to 
minimise heat deformation in process of nitrocarburizing. After annealing one sample 
was nitrocarburized in salt bath TENIFER process at temperature of 580°C. Second 
sample was nitrocarburized and than oxidized in post oxidation bath at 380°C.  

 

 

Figure 2. Temperature-time diagram for nitrocarburizing and QPQ process [9] 

 

 

Figure 2 shows a temperature-time diagram for nitrocarburizing and QPQ process. The 
nitrocarburizing consists of pre-heating samples to 330°C -380°C (minimize heat shock), 
in air furnace for duration of 20 min, and then samples are immersed in TF1 salt bath for 
nitrocarburizing at 580°C for duration of 1 hour. After TF1 salt samples are taken out and 
cooled water. For QPQ process after TF1 salt samples are immersed in bath for oxidation 
(AB1) for duration of 15 min, then surface polished, immersed in bath for oxidation one 
more time and then cooled. This research used modified QPQ process hea with only one 
oxidation after nitrocarburizing (QP). After heat treatment, samples were cut out, sanded, 
polished and prepared for structure characterisation 



 

3. RESULTS AND DISCUSSION 

After the heat treatment and sample preparation, difference in microstructure was 
observed using light microscopy. Cross-section hardness was measured using Instron 
Wilson-Wolpert Tukon 2100B Vickers hardness tester. Both samples have a compound 
layer and diffusion zone that is characteristic for nitrocarburized steel showed on Figures 
3 and 4.  

 

 

Figure 3. Microstructure of nitrocarburized sample (x500, etching in 3% nital) 

 

3.1 Microstructure comparison of nitrocarburized and QP sample 

From the distribution of hardness on the transversal cross-section of the nitrocarburized 
sample and nitrocarburized sample with post-oxidizing the following conclusions may be 
drawn: 

The nitrocarburized sample has compound layer thickness of 7-8 μm, in diffusion zone 
nitrogen has diffused in steel structure causing rise in hardness. The QP sample has same 
compound layer thickness as nitrocarburized sample, but due to oxidation compound 
layer has changed color from gray to black. The compound layer of post-oxidized sample 
exhibits lesser porosity level than that in the sample merely nitrocarburized. This can be 
attributed to the filling of pores with oxides. 

 

Figure 4. Microstructure of QP sample (x200, etching in 3% nital) 



The Differences are also spotted in the diffusion zone. If post oxidizing process is used 
after nitrocarburizing, needle like nitrides are precipitated in the diffusion zone. Such 
precipitates were not found if only nitrocarburizing was performed. The slower cooling 
from the nitrocarburizing temperature and the following heating in the oxidizing AB1 
bath promote the precipitation of nitrides. Precipitated nitrides cause a somewhat 
reduced hardness of the diffusion layer (Figure 4). 

 

3.2 Hardness and nitriding hardness depth (NHD) 

The nitrocarburizing sample shows increase in hardness from diffusion zone to 
compound layer due to homogeneous diffusion of nitrogen in ferrite-perlite structure. 
(Table 2). QP sample has heterogeneous distribution of hardness with softer ferrite-
perlite matrix and harder needle like nitrides embedded in diffusion zone. Because of 
heterogeneous distribution of hardness and small nitrides size, there is no increase in 
hardness in diffusion zone measured with Vickers hardness tester. (Table 2) 

 

Table 2. Hardness distribution of nitrocarburized and oxidized sample (HV 0.1) 

 Distance from 
sample surface 

μm 

Nitrocarburized 
hardness HV0.1 

QPQ   

Hardness HV0.1 

1. 20 432 235 

2. 40 438 239 

3. 80 384 235 

4. 150 301 234 

5. 250 293 234 

 

The effective nitrading depth (NHD) was measured on the nitrocarburized sample. It was 
determined as the distance from sample surface to point where the hardness is increased 
by 50 HV0,1 relative to the core of steel. The NHD of nitrocarburized sample was 108±10 
μm Figure 5 

 

 

Figure 5. Cross-section hardness (HV0,1) distribution for nitrocarburized (red) and QP sample 
(green) 
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4. CONCLUSION 

Based on the obtained results, the following can be concluded: Both samples have a hard 
compound layer, and diffusion. Due to treatment in the oxidation bath compound layer of 
QP sample changed color from gray to black, oxide layer that forms on surface protects 
material from corrosive environments. In diffusion zone oxidized sample has a constant 
hardness as a result of needle like nitrides precipitation that forms doe to slower cooling 
speed of AB1 oxidation salt bath. Oxidized sample has heterogeneous distribution of 
hardness with softer ferrite-perlite matrix and the harder needle like nitrides embedded 
in diffusion zone. 
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