ACTA
MATERIALIA
TRANSYLVANICA

Acta Materialia Transylvanica 3/1. (2020) 20-25.
DOI: hungarian: https://doi.org/10.33923/amt-2020-01-04
english: https://doi.org/10.33924/amt-2020-01-04

§ sciendo

The Role of the Material of Active Screen During the
Plasma Nitriding Process

Dorina KOVACS,! Annamaria SZABO,> Alexandra KEMENY3

Budapest University of Technology and Economics, Faculty of Mechanical Engineering, Department of
Materials Science and Engineering, Budapest, Hungary

1 dorina@eik.bme.hu

2 annamaria.szabo97@gmail.com

3 alexa@eik.bme.hu

Abstract

In this research the effect of the active screen’s material was investigated. 42CrMo4 steel was plasma nitrided
with unalloyed steel, titanium and nickel active screen at 490 and 510 °C for 4h in 75 % N, + 25 % H, gas mix-
ture. Scanning electron microscopy (SEM), energy dispersive spectrometry (EDS) and X-ray photoelectron
spectroscopy (XPS) were used for the characterisation of the surface properties. Iron-nitride was not formed
on the surface with nickel screen. The evaluation of examination results showed that most of the detected

nitrogen was molecular (N,) in the formed layer.
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1. Introduction

The nitriding is a type of thermochemical sur-
face treatment in which a hard, wear resistant
surface layer can be formed by diffusing nitrogen
into the surface which forms nitride with the
atoms of the material. Nitrogen, as an interstitial
alloy, dissolves in solid solutions of iron and can
react and form compounds with certain alloys and
constituents of steel [1, 2]. The vibratory motion
is increased with the increasing of the nitriding
temperature, which allows the diffusion of the
nitrogen atoms into the lattice of iron. After the
saturation of the solid solution, the nitrogen can
create a compound with the iron atoms, which
forms a continuous layer with higher hardness
than the dissolved nitrogen in the solid solution
[3, 4].

The plasma nitriding, also called ion-nitriding,
was introduced in the 1920s as a surface treat-
ment. As soon as the gas ionization begins, the
ions start to bombard the surface, which also
called vaporization, because the precipitation of
ions from the metal surface can rip off the atoms
and contaminations. After the bombarding, which
also serves the cleaning of the surface, the acce-

lerated nitrogen ions heat the workpiece to the
nitriding temperature with the controlling of the
voltage, then the diffusion of nitrogens into the
material and formation of nitrides starts [5-8].
[5-8]. Three different types of plasma nitriding
exist: DCPN - direct current plasma nitriding,
ASPN -active screen plasma nitriding and ASBPN
—active screen biased plasma nitriding. The ASPN
was developed to avoid the shortcomings (hollow
cathode effect, corner effect) of the other method
[9-11].

In ASPN treatment, the plasma is not created
on the workpiece, but on a screen (often called
as a cage) placed around the workpiece. As a re-
sult, at first, the active screen is bombarded by
the ionized atoms and their associated positive-
ly charged ions. The sputtered iron-ions connect
to the nitrogen-ions in the plasma through the
screen. From these nitride particles, some of them
can be deposited on the surface of the screen, but
others due to the surface structure of the screen
pass through and adsorb on the sample which is
heated by the radiation and the gas inlet and con-
tinuous plasma flow maintained by the vacuum
pump [11-13].
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The active screen is characterized by the surface
structure, the distance from the sample and the
material, but in this paper, we will present only
the effect of the material. Naeem [14] used aus-
tenitic stainless steel screen in his research. It
was stated from the chemical composition anal-
ysis that nickel and chromium were found on the
treated sample, which was caused by the deposi-
tion of the bombarded active screen. Yazdani et al.
[15] nitride aluminium samples with unalloyed
steel screen at 550 °C, with 75 % N, + 25 % H, gas
mixture for different time lenghts. Fe,N layer was
created on the samples which was formed from
the sputtered iron of the screen combined with
nitrogen.

Researchers not only pay attention to the plas-
ma nitriding of metals but also for polymers.
Polypropylene was nitrided between 5-15 mins
to investigate how the process changes the adhe-
sion properties of the surface. It can be observed
that after this little time, Fe could deposit on the
surface, which came from the active screen [16].

In this study tempered steel was nitrided by un-
alloyed steel, titanium and nickel coated active
screen to investigate how the screen material af-
fects the formation of the nitride layer and what
bond can be made with the material of the sample.

2. Experimental details

2.1. Materials

42CrMo4 and Ti-6Al-4V ELI was used as a ma-
terial which were cut into disks with a 20 mm
diameter. The thickness of the samples was 6 mm.
The tempered steel was put into the furnace in
tempered condition. All samples were ground
on P80 to P2500 SiC particle size papers and then
polished by a 3 um diamond suspension. Before
the nitriding, it was degreased in an ultrasonic vi-
brated ethanol bath.

The materials and dimensions of the active
screen are seen in Table 1. The samples were
placed in the centre of the screen. The screens

Table 1. Materials and dimensions of the active screen

were made by laser cutting. The nickel coating
was electroplated in ~70 um thickness.

2.2. Nitriding parameters

The plasma nitriding treatment was made
in self-designed plasma nitriding equipment.
The samples were nitrided at 490 °C with un-
alloyed steel and titanium screen, for 4 hours with
75 % N, + 25 % H, gas mixture. The nickel coated
sample was nitrided for 4 hours at 510 °C with the
same gas mixture

2.3. Characterization methods

Stereomicroscopic (Olympus SZX16) images
were taken from the upper surfaces of the nitrided
samples. The microhardness of the layer was
measured by a microhardness tester (Buehler
IndentaMet 1105). For the EDS measurement
Zeiss EVO MA10 electron microscope with EDAX
7.2 detector, for the XPS Phoibos 100 MCD-5 detec-
tor were used.

3. Plasma nitriding

The first experiments were made on titanium to
analyse the increase of the corrosion resistance,
but it was observed that the sputtered particles
from the screen were deposited on the surface.
After this observation, the investigation of the
effect of the screen material was started.

3.1.Plasma nitriding of titanium with differ-
ent active screens

Before and after the nitriding, mass measure-
ments were performed on the specimen, which
results are shown in Table 2.

The mass increase was not observed after the ni-
triding with titanium screen, but it was increased
with steel screen.

Figure 1 shows the surface after the nitriding.

As can be seen in Figure 1, the surface of the
sample, which was nitrided with steel screen, was
matt while the scratches of surface preparation
were observed and the light was refracted dif-
ferently by the optically active layer of the surface
in the sample which was treated with titanium
screen. It was clear that the golden yellow col-
our is a characteristic of TiN [17] was not formed

. Diameter Hole size
Material (mm) (mm) Table 2. quges of ‘ titaflium samples which were
nitrided with different active screens
DCO01 100 5
Ti1 100 18 Sample m, (® | m,,(® | Am(g)
Ti2 55 6 Steel screen 8.4130 8.4146 0.0016
Ni 100 5 Titanium screen | 8.3364 8.3365 0.0001




22 Kovdcs D., Szabd A., Kemény A. — Acta Materialia Transylvanica 3/1. (2020)

which suggested that this type of nitride did not
form on the surface.

The hardness of the titanium sample was

332 HV0.01+25. With steel screen, the hardness
was 661 HV0.01+32 which is two times higher
than the base hardness, while the hardness was
changed to 43614 HV0.01 after the nitriding with
titanium screen. The titanium-nitrides can reach
up to 1400 HV hardness [18]. According to this,
the compound layer was not formed, or it was so
thin that the diamond head could pass over the
entire layer.

Figure 2 shows the cross-section images of the
samples.

It can be seen in the optical microscope images
that the compound layer was not created on the
surface. The microstructure of the samples was
different near the edges and in the middle of
the surface. Based on the hardness testing of the
cross-section, the hardness was decreasing to the
base hardness through 0.1 mm, which proves with
the previous observations that the nitrogen could
diffuse into the material. Table 3 shows the the
chemical composition of the surface measured
with EDS.

It is seen that the titanium content of the sur-
face was decreased compared to the base titani-
um content and iron appeared in a large amount
with steel screen. On the samples, which treated
with titanium screen, the titanium content was in-
creased, but the content of the other elements was
not changed significantly. Nitrogen appeared in
both cases. These proved that the sputtered parti-
cles from the screen could deposit on the surface;
moreover, it could cover the surface of the sam-
ples.

3.2.Plasma nitriding of tempered steel with
titanium active screen

In the previous experiments, TiN was not cre-
ated on the surface, but the sputtered particles
from the surface deposited on the sample; there-
fore, 42CrMo4 was nitrided with a smaller screen.
The sample was marked to ASPN Ti.

The results of the mass measurements are seen
in Table 4.

The mass increase in this case, same as before,
was significant, but the hardness was not in-
creased. The hardness of the sample remained
within the range of the deviation, 320+20HV0.01.
The compound layer also did not form on the sur-
face.

After the nitriding, different tones of colours
were observed on the surface, which is seen in

with steel screen

Figure 1. Stereomicroscopic images of titanium
samples surface which was nitrided with
different screens.

with steel screen with titanium screen
edges

20.0 ym
middle

20,0 ym

Figure 2. Optical microscopic images of cross-
sections of nitrided titanium samples which
was nitrided with different screens.

200 ym

Table 3. Chemical composition of the samples with
EDS analysis which was nitrided with differ-

ent screens
Base . . -
Element 3 With steel With Ti
(%) material screen screen
Ti 83.18 11.19 85.21
Al 6.10 0.18 6.72
A% 4.33 0.91 3.77
0 6.15 7.34 1.14
Si 0.24 - -
N - 7.40 3.16
Fe - 72.98 -
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Table 4. Mass of the sample which was nitrided with
titanium screen

Sample m (g) m,, (@ Am (g)

ASPN_Ti 12.5257 12.5267 0.0010

Table 5. Chemical composition of the samples with
EDS analysis which was nitrided with titani-

um screen
Component | Basema- | ASPN.Ti | ASPN_Ti
(%) terial middle edge
N - 7.46 4.86
(0] - 5.17 351
Al - 0.17 -
Si 0.28 0.24 -
Ti - 5.98 3.37
Cr 1.41 1.18 1.21
Fe 99.4 79.79 87.05
Mo 0.12 - -
Mn 0.74 - -

Table 6. Chemical composition of the steel sample
with XPS analysis which was nitrided with
titanium screen

Element Amount (%)
Cls 74.88
N1s 2.22
O1s 16.06
Ti2p 4.24

Ca2p 1.53
Mn2p 0.36
Si2p 0.38
Nals 0.07

Figure 3. 42CrMo4 sample was nitrided with a titani-
um screen. The lower picture shows the for-
med colour transition during the nitriding.

Figure 3. Between these colours, the golden yel-
low appeared near the edges, and because of this
EDS analysis was performed at different points.
Table 5 shows the results of the measurements.

It can be observed that titanium was deposited
from the surface to the sample, but the expect-
ed TiN was not formed near the edges because
in this point the iron content was higher than in
the middle; moreover, the nitrogen content was
decreased too. XPS analysis was performed for a
more accurate determination [19, 20] which re-
sults are seen in Table 6.

The formed layer on the surface completely cov-
ers the base material, because iron, molybdenum
and chromium were not seen in the spectrum. The
formed layer contained titanium and nitrogen,
but these elements were not bound. The different
colours of the sample referred to the creation of
titanium-oxide, but based on the measurements
(however the formed bonds were closer to TiO,
than the TiN) it cannot be stated that the surface
was covered only with a titanium-oxide layer. It
is most likely that a TiN, O layer was formed on
the surface; its thickness and composition was
varied depending on the location.

3.3.Plasma nitriding of tempered steel with
nickel coated active screen

The base material of the active screen was unal-
loyed steel, which was galvanized with nickel in
70 pm thickness.

After the nitriding, the surface was given uni-
form grey colour (Figure 4.) in which the scratch
of the polishing can be seen; it means that the
compound layer also was not formed on the sur-
face.

5 mm

Figure 4. Stereomicroscopic image of 42CrMo4
sample which was nitrided with nickel coa-
ted active screen.
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It can be seen in the optical microscopic image
(Figure 5.) that the compound layer was not cre-
ated, which was proved by the hardness measure-
ment. Again, the hardness was not increased in
this sample; the values were within the deviation
42045 HV0,01.

Further analysis was performed by XPS for
that the upper 100 nm layer was vaporized; then
the chemical composition was measured in this
depth. Figure 6 shows its results.

As it is seen in this figure, the nitrogen has not
created a bond with the iron, so iron-nitride did
not appear — which verifies the previous sup-
positions. Most of the detected nitrogen (84 %)
was molecular (N,) on the sputtered layer. In
this depth, N-C were presented in a low amount
(16 %), but it does not have a hardening effect to
the surface.

| 50.0 pm |

Figure 5. The microstructure of 42CrMo4 sample
which was nitrided with nickel coated screen.

Ratio of binding condition (%)
3x10°1 ——N-N 84
——N-C 16
5 background

3x10° 1
2
£ \
§ 3x10°4
=

3x10° 4

D\
NV “\
3x10°
404 402 400 398 396 394
Binding energy (eV)

Figure 6. XPS characteristic diagram of 42CrMo4
sample which was nitrided with nickel coa-
ted screen.

4. Conclusion

The material of the active screen affects the
surface properties of the nitrided sample during
active screen plasma nitriding in the following
ways:

- no hardening effect occurs;

- the compound layer does not form on the sur-
face, so iron-nitride was not created,;

— particles from the active screen were deposited
on the sample.

With nickel coated active screen plasma nitrid-
ing at 510 °C, for 4 hours with 75 % N, + 25 % H,
gas mixture only nickel from the surface of the
screen has adhered to the sample surface at hun-
dreds of nm thickness, and iron nitride phases
were not formed. This can even be considered as
a new surface alloying process.
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