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Study of wear intensity of solid nanocoatings deposited on steel 1.2080 (X12)
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The wear resistance of hard nanocoatings - TiN, TiCN and nc-TiAIN/a-Si3Ny - deposited on tool steel 1.2080 (X12)
was studied. One-factor experimental tests on specific wear intensity resulting from the load were performed. The
research methodology is based on the volume of the removed material. Correlation dependences of the specific wear
intensity on the load were found. A comparative assessment of the individual coatings was made and practical

guidelines for their application were proposed.
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INTRODUCTION

Tool steel 1.2080 (X12) is widely used for the
manufacture of cutting and forming tools for plastic
deformation. The increase of the service life of
these tools is achieved primarily by increasing the
wear resistance of the cutting and forming elements
[1, 2]. The chemical-thermal methods for coating
[3-5] do not always meet the tribological
requirements toward the forming tools made of X12
tool steel. Under certain operating conditions (high
process temperatures) these tools are not
sufficiently effective from a tribological point of
view, which limits their wide application. This type
of coating is further developed by adding different
amounts of other elements during the process of
laying in order to improve the physical, mechanical
and tribological properties of the coating. For
example, by adding carbon, TiCN is obtained
which combines both the high hardness and the low
friction coefficient of TiC with the high strength of
TiN [6-8]. Adding aluminum and boron produces
TiAIN, TiBN or TiB,, respectively [9-14]. These
additives improve the tribological characteristics of
the friction surfaces [15-19], which leads to
improvement of the dynamic behavior of the
technological processes [9, 20, 21].

An important requirement is to apply coatings
with small thickness (about 1-3 pm), which is
achieved by the nanotechnologies of the vacuum
deposition methods (PVD, CVD). These methods
provide high purity, very good adhesion to the
substrate, good uniformity and density of the
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layers, small residual stresses and microdefects in
the structure, possibility for deposition of ultra-thin
layers, very good possibilities for controlling the
thickness, structure, mechanical stresses and other
parameters of the layers, all listed leading to high
quality of the obtained coatings [9, 22].

The results from numerous studies of various
types of coatings deposited on a particular material
reveal their tribological characteristics. However,
no studies have been performed of the different
hard-alloy coatings on the same material and no
comparative analysis of them has been made. Such
an analysis is important for the practical
application of the coatings.

EXPERIMENTAL

This work aims at studying the specific wear
intensity of TiN and TiCN hard coatings and of the
nanocomposite coating nc-TiAIN/a-Si3Ny
deposited on tool steel 1.2080 (X12), as well as at
making a comparative analysis of these coatings
and giving recommendations for their practical
application.

e  Samples of tool steel were made, with the
following characteristics (Table 1):

Table 1.

EN DIN Bohler DS

Notation
1.2080 X210Cri2 K100 X12

N C 2% Si 0.1-0.4%; Mn 0.15-0.45%; Ni
Composition - 40, § <0.03%; P<0.03%:Cr 11.5-13%
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e The samples were subjected to heat
treatment in the sequence: annealing,
hardening and tempering with the following
characteristics of the modes:

e Annealing - heating to a temperature of 800 -
850 °C, holding for 1 (one) hour and cooling
with the furnace. Hardness after annealing -
230-250 HB;

e Hardening - heating in a vacuum furnace to a
temperature of 1000-1050°C, holding for 35
minutes and cooling in a stream of nitrogen
under pressure. Hardness after hardening -
64-65 HRC;

e [ow-temperature tempering - heating to a
temperature of 180-200°C for a minimum of
2 (two) hours after reaching the pre-set
temperature and cooling in calm air.
Hardness after tempering - 59-60 HRC.

e The samples were divided into three

groups:

e group A: unhardened, ground to roughness
Ra=0.11 pm;

e group B: hardened to hardness HRC=59-60
and ground to roughness Ra = 0.11 pum;

e group C: hardened to hardness HRC=59-60
and polished to roughness Ra = 0.02 pm;

e Both the TiN and TiCN hard coatings and
the nanocomposite coating nc-TiAIN/a-SizN4 were
applied by the electric arc PVD method in a
vacuum chamber: coating thickness - 2 pm;
temperature of coating - 300 °C; hardness - (30-31)
GP.

e  Measurement of the parameters of the wear
trace was performed with TESA microscope,
magnification 100x.

e The specific wear intensity [, was
determined by the volume method, using the
dependence [23, 24]:

J] =—— 3
TR mm’/N.m, (1
where V is the volume of the amount of
removed material (the trace), mm?;

F' is the normal load, N; L is the distance or
the run of the sample relative to the counter-body,
m.

e For more convenient, fast and acurate
calculation of the parameters from the formula
above, a program was generated in MS Excel [2].

RESULTS AND DISCUSSION

The experimental studies were conducted by the
method "Ball on Flat Sliding Wear Test" with
horizontal orientation of the tested surface (Fig. 1)

on a SIIP-1 stand (Fig. 2) [23].

Fig. 1. Friction scheme according to the Ball on Flat
Sliding Wear Test

Fig. 2. General view of a SIIP stand for testing wear
resistance

The variable factor here is the load F (N),
varying from 1 to 5 N. Three experiments were
conducted for each value of the load. The constant
factors are: the speed V=20 mm/s and the length of
the distance L=75 m. The width of the trace is
measured in five points and then the average value
taken.

Table 2 presents the results for the specific wear
intensity of the TiN hard coating, Table 3 gives the
results for the specific wear intensity of the TiCN
hard coating, and Table 4 shows the results for the
specific wear intensity of the nc-TiAIN/a-SizN4
nanocomposite.
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Table 2.
TiN
Specific wear intensity as a function of the load
Iw=f (N), V=20mm/s = const, L=75m = const

Load F, N X12_A X12 B
1 4.175 13.547 12.266
2 2.312 14.492 10.161
3 6.121 15.018 13.942
4 19.547 14.561 12.914
5 19.368 13.977 12.657
Table 3.
TiCN

Specific wear intensity as a function of the load
Iy=f (N), V=20mm/s = const, L=75m = const

Load F,N  XI2 A X12_B
1 11.521 7.068 5.171
2 10.982 7.523 3315
3 7.643 6.675 2.967
4 8.109 7.419 2.454
5 15.24 7311 2.255
Table 4.

nc-TiAIN/a-SizNy
Specific wear intensity as a function of the load
Iw=f (N), V=20mm/s = const, L=75m = const

Load F,N  XI2 A X12_B
1 88.893 79.084 75.547
2 73.956 82.279 80.098
3 71.327 60.414 86.778
4 70.603 62.255 83.009
5 199.839 84.985  121.515

The graphics and the correlation dependences of
the wear intensity on the load for the different
coatings are given in Figures 3, 4 and 5.
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Fig. 3. Specific wear intensity for TiN, depending on
the load
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Fig. 4. Specific wear intensity for TiCN, depending
on the load
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Fig. 5. Specific wear intensity for nc-TiAIN/a- Si3Ny,
depending on the load

A comparative assessment of the uncoated
samples and the three types of coatings for the
following surfaces was made: unhardened and
ground (Table 5); hardened and ground (Table 6)
hardened and polished (Table 7).

Table 5.

Specific wear intensity as a function of the load
Iy = f (N), V=20mm/s = const, L=75m = const

TiN-  TiCN-
L‘;\?d EXI2ZA 12 A X12.A
1 78189  4.175 11.521 88.893
2 77602 2312 10982 73.956
3 166.609 6121  7.643 71.327
4 179268 19.547 8.109 70.603
5 424.063  19.368 15.24 199.839
Table 6.

Specific wear intensity as a function of the load
I, = f(N), V=20mm/s = const, L=75m = const

Load TiN-  TiCN-
N E_XI12_B X12 B X12 B
1 5.2809  13.547 7.068 79.084
2 49.874 14.492 7.523 82.279
3 43.828 15.018 6.675 60.414
4 91.679 14.561 7.419 62.255
5 128.543 13.977 7.311 84.985
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Table 7.

Specific wear intensity as a function of the load
I = f (N), V=20mm/s = const, L=75m = const

TiN-  TiCN-

L(I’\?d EX2C x12¢c x12c
1 62075 12266 5.171 75.547
2 87334 10161  3.315 80.098
390493  13.942 2967 86.778
4 146221 12914 2454 83.009
5 28734 12,657 2.255 121.515

The graphics and the correlation dependences of
the wear intensity on the load for the uncoated
samples and the three types of coatings, deposited
on the different technological surfaces, are given in
Figs. 6, 7 and 8.
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Fig. 6. Specific wear intensity as a function of the
load for unhardened ground surfaces
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Fig. 7. Specific wear intensity as a function of the
load for hardened ground surfaces
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Fig. 8. Specific wear intensity as a function of the
load for hardened polished surfaces

CONCLUSIONS

The following conclusions can be drawn from
the analysis of the obtained experimental results:

1. TiN and TiCN hard coatings, applied by
the PVD method on tool steel 1.2080 (X12), reduce
the volume of the trace and the intensity of wear
compared to uncoated surfaces.

2. The nc-TiAIN/a-SisNs  nanocomposite,
deposited on tool steel 1.2080 (X12), shows only
slight improvement in the wear intensity, and with
hardened ground surfaces even worsening is
observed (Fig. 7), which may be due to the high
brittleness of the coating, which cracks under load
and forms abrasive micro-particles. This leads to
increased abrasive wear. Similar results for this
type of coating have been obtained in other studies
[25].

3. It is recommended for equipment, made of
tool steel 1.2080 (X12), with unhardened ground
surfaces, subjected to intensive wear, to be coated
with the hard coatings TiN and TiCN, showing the
same wear resistance (Fig. 6).

4. It is recommended for equipment, made of
tool steel 1.2080 (X12), with hardened ground and
hardened polished surfaces, if subjected to intensive
wear, to be coated with the TiCN hard coating,
showing the best wear resistance (Figs. 7 and 8).

REFERENCES

1. G. Mishev, U. Heisel, Journal of the Technical
University at Plovdiv, 13 (6), 23 (2006), ISSN 1310-
8271.

2. V. Rupetsov, ZEA-PRINT, 2018, ISBN 978-619-
196-073-6.

3. V. Toshkov, A. Ziumbilev, G. Mishev, N. Tonchev,
Proceedings of the 1st International Conference “The
Coatings in Manufacturing Engineering”,
Thessaloniki/Greece , 1999, p. 433.

4. G. Mishev, A. Zyumbilev, Y. Simeonova, N.
Proyiyschev, Proceedings of the 4th International
Conference on Tribology, Kayseri/Turkey, 2002, vol.
I, p. 205.

5. G. Mishev, S. Dishliev, J. Simionova, E. Assenova,
Proceedings of the 16th International Colloquium
Tribology, Ostfildern, Germany, 2008, ISBN 3-
924813-73-6.

6. N. Petkov, E. Kashkarov, A. Obrosov, T. Bakalova,
P. Kejzlar, Hr. Bahchedzhiev, Journal of Materials
Engineering and Performance, 28 (1), 343 (2019),
ISSN: 1059-9495.

7. N. Petkov, T. Bakalova, Hr. Bahchedzhiev, P. Louda,
P. Kejzlar, P. Capkova, M. Kormunda, P. Rysanek,
Journal of Nano Research, 51, 78 (2018), ISSN:
1661-9897.

8. N. Petkov, T. Bakalova, Hr. Bahchedzhiev, P.
Kejzlar, P. Louda, Journal of Nano Research, 49, 98
(2017).

427



V. Rupetsov et al.: Study of wear intensity of solid nanocoatings deposited on steel 1.2080 (X12)

9. G. Mishev, Reibung in geradlinig bewegten
Maschinensystemen, Fast print Books, 2020, ISBN:
978-619-236-163-1

10.Z. Zhou, W. M. Rainforth, Q. Luo, P. Eh. Hovsepian,
J. J. Ojeda, M. E. Romero-Gonzalez, Acta Materialia
58, 2912 (2010).

11.W. Grzesik, Z. Zalisz, S. Krol, P. Nieslony, Wear,
261, 1191 (20006).

12.R. D. Torres, P. C. Soares Jr., C. Schmitz, C. J. M.
Siqueira, Surface & Coatings Technology, 205, 1381
(2010).

13.S.-Y. Yoon, K. O Lee, S. S. Kang, K. H. Kim,
Journal of Materials Processing Technology 130-
131, 260 (2002).

14.J. L. Mo, M. H. Zhu, B. Lei, Y. X. Leng, N. Huang,
Wear, 263, 1423 (2007).

15.G. Mishev, Journal of the Balkan Tribological
Association, 3 (1), 38 (1997), ISSN 1310-4772.

16. G. Mishev, Proceedings of the 2nd World Tribology
Congress, Wien/Austria, 2001, ISBN 3-901657-07-
X.

17.T. Bakalova, N. Petkov, T. Blazek, P. Kejzlar, P.
Louda, L. Volesky, Defect and Diffusion Forum,
368, 59 (2016), ISSN: 1662-9507.

428

18. T. Bakalova, N. Petkov, Hr. Bahchedzhiev, P. Louda,
Manufacturing Technology, 16 (5), 859 (2016), ISSN
1213-2489.

19.T. Bakalova, N. Petkov, Hr. Bahchedzhiev, P.
Kejzlar, P. Louda, M. Durak, Manufacturing
Technology, 17 (5), 652 (2017), ISSN 1213-2489.

20.G. Mischev, Reibung in den geradlinig bewegten
Maschinensystemen, Proceedings of the 15th
International ~ Colloquium  Tribology, Stuttgart/
Ostfildern, Germany, 2006, ISBN 3-924813-62-0.

21.G. Mischev, Proceedings of the 13th International
Colloquium Tribology, Stuttgart/Ostfildern,
Germany, 2002, vol. 11, p. 867, ISBN 3-924813-48-5.

22.G. Mishev, K. Atanassova, Proceedings of
“ICMEN”, Greece, 2002, p. 577, ISBN 960-431-811-
X.

23.V. Rupetsov, Journal of Food and Packaging
Science, Technique and Technologies, 1 (4), 60
(2014), ISSN 1314-7773.

24.S. Dishliev, Fundamental sciences and application,
14 (2) 2009, Proceedings of the International
Conference Engineering, Technologies and Systems
TECHSYS’ 2009, ISSN 1310-271.

25.G. Mishev, S. Dishliev, V. Rupetsov, Tribological
Journal BULTRIB, 4, 147 (2014), ISSN 1313-9878.



