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Abstract

Salt bath preoxidation was primarily conducted prior to salt bath nitriding, and the effect on salt
bath nitriding was compared with that of conventional air preoxidation. Characterization of the
modified surface layer was made by means of optical microscopy, scanning electron microscope
(SEM), micro-hardness tester and x-ray diffraction (XRD). The results showed that the salt bath
preoxidation could significantly enhance the nitriding efficiency. The thickness of compound
layer was increased from 13.3um to 20.8um by salt bath preoxidation, more than 60% higher than
that by conventional air preoxidation under the same salt bath nitriding parameters of 560°C and
120min. Meanwhile, higher cross-section hardness and thicker effective hardening layer were
obtained by salt bath preoxidation, and the enhancement mechanism of salt bath preoxidation was
discussed.
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1 Introduction

Salt bath nitriding is a kind of valuable chemical heat treatment widely used for steels to obtain
the required properties [1-3]. Compared with other nitriding technologies, salt bath nitriding has
obvious advantages, such as with better quality and lower cost [4-6]. After salt bath nitriding, a
compound layer is formed, which can significantly improve the performance of metal [7-9].
However, for obtaining the effective thickness of nitrided layer, the nitriding temperature or
holding time must be increased [10-12], which would bring out porosity in the nitrided layer, thus
may results in side effect on the surface hardness and wear resistance.

It has been reported that preoxidation can enhance the nitriding efficiency, since a thin oxide layer
is formed during preoxidation process, which can be decomposed during the followed nitriding
process [13, 14]. Traditionally, preoxidation process is conducted in air furnace before salt bath
nitriding [15, 16]. Unfortunately, it is found that air preoxidation has little enhancement effect on
salt bath nitriding [17, 18].

Based on the efficiency of salt bath nitriding is much higher than that of gas nitriding, it is valuable
to study if salt bath oxidation could have much better enhancement effect on salt bath nitriding.
Therefore, the goal of this research is to investigate if salt bath oxidation can bring out much better
enhancement effect on salt bath nitriding than that of conventional air preoxidation.
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2 Experimental

AISI 1045 steel was selected as the substrate material with the chemical composition (wt.%) of:
0.46 C, 0.17 Si, 0.52 Mn, 0.24 Cu,0.21 Ni, 0.23 Cr, 0.022 S,0.023 P, and balance Fe. The
specimens were machined into a size of 10mmx10mmx10 mm, followed by quenching at
860°Cand tempering at 600°C to get uniform microstructure. Then the mechanically polished
specimens were treated with emery papers of different granulometry (240, 500, 1500 and 2000
mesh) to achieve a mirror finish. Finally, the specimens were ultrasonically cleaned in anhydrous
ethanol and dried before salt bath nitriding treatment. The major chemical constituents of
preoxidation salt bath medium are sodium hydroxide (NaOH), sodium nitrate (NaNO3) and
sodium carbonate (Na,COs).

The main treating process was composed of three steps: preoxidation, salt bath nitriding and
cooling. Firstly, the samples were preoxidation to 35°C for different time (45, 60min) in air
furnace or in salt bath oxidation medium and then nitrided in salt bath nitriding medium at 560°C
for 120min. Finally, samples were cooled in water.

The cross sectional microstructure was observed by optical microscopy and the surface of samples
was observed by scanning electron microscopy (SEM). Hardness measurements were made in a
HXD-1000TMC micro-hardness tester, with the test load of 10g and holding duration of 15s. Each
hardness value was determined by averaging at least 5 measurements. The phase constituents were
determined by X-ray diffraction (XRD) with Cu-Ka (A= 1.54 A) radiation.

3 Results and discussion

3.1 Cross-sectional microstructure and depth analysis

Fig. 1 presents the cross-sectional microstructure of specimens nitrided at 560°C for 120min with
different preoxidation method. It clearly shows that compound layer (also called white layer) is
formed at the outermost surface after salt bath nitriding under different conditions and the
thickness of compound layer is significantly increased by salt bath preoxidation, the thickness of
compound layer of 13.3um by APON is increased to 20.8um by SPON, more than 60% increased.
This indicates the salt bath preoxidation can improve the efficiency of salt bath nitriding.
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Fig. 1 The cross-sectional microstructure of specimens nitrided at 560°C for 120min with different
preoxidation methods (a) APO 350 °Cx45 min; (b) SPO 350 °Cx45 min

3.2 Micro-hardness profile

Fig. 2 shows the micro-hardness profile of specimens nitrided at 560°C for 120min with different
preoxidation methods. It clearly shows that the cross-section micro-hardness can be significantly
increased by salt bath nitriding with different preoxidation methods. The specimen treated by
SPON has higher cross-section micro-hardness than that treated by APON. Meanwhile, the
effective hardening layer thickness, defined as the layer with hardness 50HV: higher than that
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of substrate, is evidently increased with salt bath preoxidation. This indicates the salt bath
preoxidation enhancement effect on salt bath nitriding is greater than air preoxidation.
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Fig. 2 The micro-hardness profile of specimens nitrided at 560°C for 120min with different
preoxidation methods

3.3 XRD analysis

Fig. 3 shows XRD diffraction patterns of samples after different preoxidation methods. It clearly
shows that though FesO4 phase formed on the surface after different preoxidation process, the
relative content of Fe;04 is different, which can be obtained by calculating the ratio of the strongest
peak of Fes04 to the strongest peak of a-Fe [19, 20], and it can be seen that the relative content of
Fes0. treated by salt bath preoxidation is much higher than that treated by air preoxidation.
Therefore, the salt bath preoxidation enhancement effect on salt bath nitriding is greater than air
preoxidation. Meanwhile, when air preoxidation time increases to 60 min, the Fe,O3; phase is
formed on the surface, which indicates that too long holding time results in excessive oxidation
and is unfavorable for subsequent nitriding [21, 22].
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Fig. 3 XRD diffraction patterns of 45 steel samples treated by different peroxidation (a) APO
350°Cx45 min; (b) APO 350°Cx60 min; (c) SPO 350°Cx45 min
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3.4 Surface morphology

Fig. 4 shows the surface morphology of sample treated by different preoxidation process. It clearly
shows that the structure of oxide layer treated by air preoxidation is lamella in shape. But the
sample treated by salt bath preoxidation has a rough oxide layer with a lot of nano- pores.
Obviously the sample treated by salt bath preoxidation has bigger specific surface area than that
treated by air preoxidation, thus has larger contact area with the active nitrogen atoms in salt bath
nitriding medium. Therefore, the oxide layer formed by salt bath preoxidation is easier to be
reduced by active nitrogen atoms than that formed by air preoxidation. Meanwhile, nano-pores
can help the active nitrogen atoms to diffuse into the substrate.

Fig. 4 The surface morphology of sample treated by different preoxidation methods (a) APO
350°Cx45 min; (b) SPO 350°Cx45 min

4 Discussion

During preoxidation reaction, the chemical bonds of NO3z (comes from NaNOs) in salt bath
preoxidation medium and O? in air are discomposed to generate active oxygen atoms by absorhing
energy, and the bonding energy of O-N and O=0 is 206kJ/mol and 498kJ/mol, respectively, which
illustrates that O-N in salt bath medium is much easier to decompose and form active oxygen
atoms than that of O=0 in air. Therefore, the reaction between Fe and molten NaNOs is much
faster than that between Fe and O at the same preoxidation temperature, leading to higher relative
content of Fe304 by salt bath preoxidation (Fig. 3). In addition, when air preoxidation time
increases to 60min, the Fe,Os phase is formed on the sample surface. This indicated that too much
holding time result in excessive oxidation to form Fe,Os; phase, which was unfavorable for
subsequent nitriding [22, 23]. Therefore, the enhancement effect of air preoxidation cannot be
consistently increased through extended holding time.

Fig. 4 shows that the sample treated by salt bath preoxidation has bigger specific surface area than
that treated by air preoxidation, thus the oxide layer formed by salt bath preoxidation is easier to
be reduced by active nitrogen atoms. Meanwhile, nano- pores can help the active nitrogen atoms
to diffuse inward to the substrate.

5 Conclusions

The effect of salt bath preoxidation and air preoxidation on salt bath nitriding was compared, and
The results showed that salt bath preoxidation has better enhancement effect on salt bath nitriding.
The thickness of compound layer is only 13.3um treated by air preoxidation, and increased to
20.8um treated by salt bath preoxidation while nitrided at 560°C for 120min. Meanwhile, the
sample treated by salt bath preoxidation has higher cross-section hardness than that treated by air
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preoxidation. The enhancement mechanism is that the sample treated by salt bath preoxidation has
higher relative content of Fe;04, which can react with active nitrogen atoms in salt bath nitriding
to accelerate the growth of FesN.

References

[1] R.Bidulsky, J. Bidulska, M. Actis Grande: Metal Science and Heat Treatment, Vol. 58,2017,
No. 11-12, p. 734-737, https://doi.org/10.1007/s11041-017-0087-z

[2] W.Cai, F. N. Meng, X. Y. Gao, J. Hu: Applied Surface Science, Vol. 261, 2012, p. 411-414,
https://doi.org/10.1016/j.apsusc.2012.08.024

[3] Y. Z. Shen, K. H. Oh, D. N. Lee: Scripta Materialia, Vol. 53, 2005, No. 12, p. 1345-1349,
https://doi.org/10.1016/j.scriptamat.2005.08.032

[4] H. T. Fu, J. Zhang, J. F. Huang, Y. Lian, C. Zhang: Journal of Materials Engineering and
Performance, Vol. 25, 2016, No. 1, p. 3-8, https://doi.org/10.1007/s11665-015-1762-0

[5]1 Z. S. Zhou, J. Hu: Surface Engineering, Vol. 25, 2015, No.l, p. 613-615,
https://doi.org/10.1179/1743294415Y.0000000076

[6] X. Y. Ye, J. Q. Wu, Y. L. Zhu, J. Hu: Vacuum, Vol. 110, 2014, p. 74-77,
https://doi.org/10.1016/j.vacuum.2014.08.015

[7] J. Q. Wu, H. Liu, X. M. Ye, Y. T. Chai, J. Hu: Journal of Alloys and Compounds, Vol. 632,
2015, No. 5, p. 397-401, https://doi.org/10.1016/j.jallcom.2015.01.221

[8] R. Bidulsky, M. Actis Grande, E. Dudrova, M. Kabatova, J. Bidulska,: Powder Metallurgy,
Vol. 59, 2016, No. 2, p. 121-127, https://doi.org/10.1179/1743290115Y.0000000022

[9] Z.S. Zhou, M. Y. Dai, Z. Y. Shen, J. Hu: Journal of Alloys and Compounds, Vol. 623, 2015,
p. 261-265, https://doi.org/10.1016/j.jallcom.2015.01.221

[10]J. C. Li, X. M. Yang, S. K. Wang, K. X Wei, J. Hu: Materials Letters, VVol. 116, 2014, p. 199-
202, https://doi.org/10.1016/j.matlet.2013.11.033

[11]M. Y. Dai, Y. Chen, Y. T. Chai, et al.: Surface Review and Letters, Vol. 23, 2016,
https://doi.org/10.1142/S0218625X16500499

[12]Z. S. Zhou, M. Y. Dai, Z. Y. Shen, J. Hu: Vacuum, Vol. 109, 2014, p. 144-147,
https://doi.org/10.1016/j.vacuum.2014.07.016

[13]Y. Li, L. Wang, D. D. Zhang, et al.: Journal of Alloys and Compounds, Vol. 497, 2010, No.
1-2, p. 0-289, https://doi.org/10.1016/j.jallcom.2010.03.027

[14]D. Manfredi, R. Bidulsky: Acta Metallurgica Slovaca, Vol. 23, 2017, No. 3, p. 276-282,
https://doi.org/10.12776/ams.v23i3.988

[15]R. B. Huang, J. Wang, S. Zhong, M. X. Li, J. Xiong, H. G. Fan: Applied Surface Science,
Vol. 271, 2013, p. 93-97, https://doi.org/10.1016/j.apsusc.2013.01.111

[16]J. Wang, Y. H. Li, J. Yan, D. Z. Zen, Q. Zhang, R. B. Huang, et al.: Surface & Coatings
Technology, Vol. 206, 2012, No.15, p. 3399-3404,
https://doi.org/10.1016/j.surfcoat.2012.01.063

[17]Y.S. Niu, R. H. Cui, Y. T. He, Z. M. Yu: Journal of Alloys and Compounds, Vol. 610, 2014,
p. 294-300, https://doi.org/10.1016/j.jallcom.2014.04.193

[18]M. F. He, L. Liu, Y. T. Wu, C. Zhong, W. B. Hu, D. Pan: Journal of Alloys and Compounds,
Vol. 551, 2013, p. 389-398, https://doi.org/10.1016/j.jallcom.2012.11.005

[19]G. J. Li, Q. Peng, C. Li, Y. Wang, J. Gao, S.Y. Chen, et al.: Materials Characterization, VVol.
59, 2008, No. 9, p. 1359-1363, https://doi.org/10.1016/j.matchar.2007.11.002

[20] Shih, T. Shih, Y. S. Huang , C. F. Chen: Applied Surface Science, Vol. 258, 2011, No. 1, p.
81-88, https://doi.org/10.1016/j.apsusc.2011.08.010

DOI 10.12776/ams.v25i2.1271 p-ISSN 1335-1532
e-ISSN 1338-1156


https://doi.org/10.1007/s11041-017-0087-z
https://doi.org/10.1016/j.apsusc.2012.08.024
https://doi.org/10.1016/j.scriptamat.2005.08.032
https://doi.org/10.1007/s11665-015-1762-0
https://doi.org/10.1179/1743294415Y.0000000076
https://doi.org/10.1016/j.vacuum.2014.08.015
https://doi.org/10.1016/j.jallcom.2015.01.221
https://doi.org/10.1179/1743290115Y.0000000022
https://doi.org/10.1016/j.jallcom.2015.01.221
https://doi.org/10.1016/j.matlet.2013.11.033
https://doi.org/10.1142/S0218625X16500499
https://doi.org/10.1016/j.vacuum.2014.07.016
https://doi.org/10.1016/j.jallcom.2010.03.027
https://doi.org/10.12776/ams.v23i3.988
https://doi.org/10.1016/j.apsusc.2013.01.111
https://doi.org/10.1016/j.surfcoat.2012.01.063
https://doi.org/10.1016/j.jallcom.2014.04.193
https://doi.org/10.1016/j.jallcom.2012.11.005
https://doi.org/10.1016/j.matchar.2007.11.002
https://doi.org/10.1016/j.apsusc.2011.08.010

Acta Metallurgica Slovaca, Vol. 25, 2019, No. 2, p. 130-135 135

[21] G. J. Li, Q. Peng, J. Wang, C. Li, Y. Wang, J. Gao, et al.: Surface and Coatings Technology,
Vol. 202, 2008, No. 13, p. 2865-2870, https://doi.org/10.1016/j.surfcoat.2007.10.032

[22] G. Y. Xiong, M. J. Zhao, L. Z. Zhao, et al., Advanced Materials Research, 2010, No. 97-101,
p. 1454-1458, https://doi.org/10.4028/www.scientific.net/amr.97-101.1454

[23] P. Jacquet, J. B. Coudert, P. Lourdin: Surface & Coatings Technology, Vol. 205, 2011, No.16,
p. 4064-4067, https://doi.org/10.1016/j.surfcoat.2011.02.049

Acknowledgements

The research was supported by National Natural Science Foundation of China (51774052), Top-
notch Academic Programs Project of Jiangsu Higher Education Institutions (TAPP), Priority
Academic Program Development of Jiangsu Higher Education Institutions (PAPD2018-6).

DOI 10.12776/ams.v25i2.1271 p-ISSN 1335-1532
e-ISSN 1338-1156


https://doi.org/10.1016/j.surfcoat.2007.10.032
https://doi.org/10.4028/www.scientific.net/amr.97-101.1454
https://doi.org/10.1016/j.surfcoat.2011.02.049

