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High Strength Steel for Nitrocarburizing: JAENSTM and 
Quantitative Analysis of Nitriding Behavior

1.	‌� Introduction

  Nitrocarburizing is a type of surface hardening heat 
treatment in which a hardened layer consisting mainly 
of nitrides is formed by diffusing nitrogen (N) from the 
surface of  a part. As one advantage, since heat treat-
ment is performed at a temperature lower than the 
transformation temperature of  steel, heat treatment 
distortion is small in comparison with carburizing, etc. 
With heightened needs for high precision parts in 
recent years, expanded application of  nitrocarburizing 
has been desired, as dimensional accuracy can be 
improved without finishing processing (straightening) 
after heat treatment.
  On the other hand, as one challenge for expanding 
the application of  nitrocarburizing, it is necessary to 
satisfy both fatigue strength and machinability. 
Increasing the hardness of  not only the surface layer 
but also the core, which nitrogen diffusion does not 
reach, is an effective approach for improving fatigue 
strength, but increasing the hardness of  core (before 
nitrocarburizing) would invite a decrease in machin-
ability. To contribute to low distortion in parts and cost 
reduction, JFE Steel developed JAENSTM, a new high 
strength steel for nitrocarburizing which simultaneously 
satisfies both fatigue strength and machinability, as 
introduced in this article. In addition, since the amount 
of nitrogen diffused from the surface of steels for nitro-
carburizing affects the hardness of  the hardened layer, 
and in turn, the fatigue strength of  the steel, it is 
important to determine the diffusion amount of nitro-
gen precisely and clarify the nitrocarburizing behavior 
of each steel. Therefore, this article also introduces the 
results of  an analysis of  nitrocarburizing behavior by 
Soft X-ray Emission Spectrometry (SXES).

2.	‌� High Strength Steel for Nitrocarburizing: 
JAENSTM

2.1	‌� Design Concept of JAENSTM

  The target application of  JAENS is parts that are 
manufactured by surface hardening heat treatment pro-

cesses (e.g., carburizing and quenching, nitrocarburiz-
ing) through a process that includes hot forging and 
machining, using JIS “Low-alloyed steels for machine 
structural use” (SCr420, SCM420, etc.). In developing 
JAENS, we focused on the heating temperature in 
nitrocarburizing treatment. The precipitation strength-
ening by fine carbide or nitride particles in steel is one 
strengthening mechanism for steel, and the temperature 
generally used in nitrocarburizing treatment is suitable 
for fine precipitation of  these carbonitrides. Since it is 
considered possible to satisfy both machinability and 
fatigue strength by suppressing the amount of precipi-
tates during machining before nitrocarburizing, and 
then precipitating the carbonitrides during nitrocarbu-
rizing, alloy design was carried out based on the fol-
lowing concept.
  ➀�Addition of fine carbonitride-forming element
  Vanadium (V) was added as a carbonitride-forming 
element. V contributes to increasing the hardness of 
the surface layer by forming nitrides with N diffused 
from the surface in nitrocarburizing treatment, and 
also achieves high hardness by forming carbonitrides 
with the C and N that exist in the steel, including in the 
core.
  ➁�Suppression of  V carbonitride precipitation 

during machining before nitrocarburizing
  In the austenite phase, much of the added V is sol-
id-soluted into a matrix, and precipitates as carboni-
trides in the ferrite phase. Since precipitation in the fer-
r i te  phase  increases  at  h igher  temperatures, 
precipitation of V carbonitrides is reduced by lowering 
the austenite → ferrite transformation temperature by 
addition of alloying elements such as Cr, Mn, Mo, etc., 
in other words, by forming a bainite microstructure. 
This leads to good machinability. Increased hardness 
of  the core is then achieved by fine precipitation of V 
carbonitrides by soaking (holding at an elevated tem-
perature) during the following nitrocarburizing process.
  ➂�Reduction of bainite hardness
  Since the hardness of  the bainite microstructure is 
generally higher than that of the ferrite-pearlite micro-
structure, it is assumed that the bainite microstructure 
will deteriorate machinability. Therefore, the hardness 
of  the steel as-hot forged is held to a low level by 
decreasing the amounts of added C and Si.
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  The chemical composition of  JAENS designed 
based on this concept is shown in Table 1.

2.2	‌� Features of JAENSTM

  Parts manufactured using JAENS, which was 
designed based on the concept described above, have 
the following features.
  •	� Low distortion (heat treatment distortion) because 

nitrocarburizing treatment is applied.
  •	� High fatigue strength comparable to that of carbu-

rized steels (Fig. 1).
  •	� Excellent machinability in the as-hot forged condi-

tion.
  Data have also been obtained showing that 
JAENSTM demonstrates even higher fatigue strength 
when used in combination with shot peening technique, 
or potential-controlled nitriding technology in nitriding 
treatment 1).

3.	‌� Technique for Analysis of Nitriding Behavior

  In micro/nano-scale elemental analysis of  steels, 
X-ray emission spectrometry with an electron probe is 
widely used. In recent years, SXES instruments for 
electron microscopes have been developed by Terauchi 
et. al. 2). The SXES boast not only high energy resolu-
tion (0.3 eV) but also ultra-low energy and low-concen-
tration sensitivity In this article, the nitriding behavior 
of JAENS was analyzed by using SXES.
  Cross-sections were cut from JAENS and SCM420 
round bar specimens that had been subjected to surface 
hardening by nitrocarburizing, and an SXES analysis 
was performed from the outer surface toward the inte-

rior. In order to quantify the nitrogen content from the 
intensity of  the SXES nitrogen spectra, the nitrides 
were extracted at an interval of  approximately 50 μm 
from the surface of the SCM420 after nitrocarburizing, 
and a calibration curve was prepared from the corre-
spondence between the amount of  the nitrides deter-
mined by spectrophotometry and the SXES nitrogen 
intensity.
  Figure 2 shows the surface hardness distributions of 
the specimens. Since the hardness of the hardened layer 
of JAENS from the surface to a depth of 0.2 mm was 
higher than that of the SCM420, the surface hardening 
is more remarkable in JAENS than in SCM420. 
Although the hardness of JAENS was also higher than 
that of SCM420 at positions deeper than 0.5 mm, this 
is attributed to bainite microstructure and the precipi-
tation of fine vanadium carbonitrides described above.
  Figure 3 shows the nitrogen distribution of the spec-
imens measured by SXES. JAENS shows higher nitro-
gen content in the hardened layer and the distribution 
of the nitrogen also shows a good correspondence with 
the hardness distribution in Fig. 2. These results quan-
titatively indicate an increase in nitride formation lead-
ing to an increase in hardness.

Fig. 1 � S-N curve of nitrocarburized JAENS TM obtained by 
rotational bending fatigue test

Fig. 2 � Hardness profiles of nitrocarburized JAENS TM and 
SCM420

Fig. 3 � Nitrogen content profiles of nitrocarburized JAENS TM 
and SCM420

Table 1  Chemical composition of JAENS TM

C Si Mn Cr Others

JAENS TM Reduced Reduced 1.80 1.25 Mo, V

SCM420 0.20 0.25 0.80 1.15 Mo: 0.20
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  As the features of  JAENS, since the amount of 
nitrogen introduced into the surface by nitrocarburizing 
is larger than that of SCM420, higher surface hardness 
can be obtained.

4.	‌� Conclusion

  A newly-developed high strength steel for nitrocar-
burizing, JAENSTM, and a technique for analysis of  the 
nitriding behavior by SXES were introduced.
  JAENS is applicable to gears and shafts for auto-
mobiles, construction and industrial machinery, etc. 
Since JAENS has the advantages of low heat treatment 
distortion and low cost in comparison with the conven-

tional carburized steels, future expansion of the appli-
cable members can be expected.
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