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The paper deals about the influence of heat and chemical-heat treatment of construction steel 100Cr6 and alloy
steel X210Cr12, which were treated according to their corresponding norms. The steel X210Cr12 was also treated in
an unconventional way. The influence of the material structures and hardness on the abrasion wear resistance was
studied. The influence of nitridation was considered in a way how to increase the abrasion wear resistance and how
the heat treatment affects the hardness and the quality of the nitrided layer. The nitridation with diffusion annealing
of the tested materials caused a decrease and also an increase of the materials wear resistances.
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INTRODUCTION

In the present the companies all over the world try to
increase their productivity, the quality of their products
and their durability. This requires a high consumption
of energies which need to be delivered to the compa-
nies. This requires using alternative fuels or renewable
fuels made from agricultural waste, wooden waste,
wooden saw dust. Fuels made from agricultural waste
or saw dust are made in specific forms, like wooden pel-
lets made from harvested wooden waste, briquettes
made from wooden saw dust or straw briquettes. Bri-
quettes from wood, saw dust agricultural waste, wood-
en pellets are made from waste, therefore it is clear that
it will be contain dirt, sand, small rocks. To achieve the
right quality and shape of the pellets, briquettes it is
necessary to secure the right working conditions of the
tools, such as the temperature, pressure, velocity which
are in details presented in [1]. From the point of press-
ing the briquettes the small particles like sand and rocks
cause enormous abrasion wear to occur, which reduces
the lifespan of the pressing tools. These small particles
affect like small abrasion particles which damage the
tool surface by various types of mechanisms [2-4]. In
these cases the abrasion wear is so intense that the tools
have to be removed after short periods of time, due to
the change in the tools shape [5]. The increase of the
pressing temperature leads to higher briquette qualities.
Therefore it is necessary to chose the right materials of
the pressing tools and their heat treatment like is docu-
mented for various materials used in practice [6].
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MATERIALS AND EXPERIMENTAL METHODS

The tested materials were a 100Cr6 steel used for
bearings, and a chromium tool steel X210Cr12, which
was heat treated by two different methods. From the
materials cylinder test samples were made, the dimen-
sions were: diameter g 6 mm and length 15 mm. A part
of the samples was only hardened and tempered, the
other part was also nitrided and diffusion annealed. The
chemical compositions of the tested materials are shown
in Table 1 and the applied heat treatment is in Table 2.

Table 1 Chemical compositions of the tested materials / wt. %

Material C Mn Si Cr
100Cr6 1,1 0,5 0,35 1,5
X210Cr12 2 0,5 0,4 12

Table 2 Materials heat treatment

Material

100Cr6 X210Cr12 X210Cr12

(case A) (case B) (case Q)
Hardening 820°C 960 °C 1100°C
Tempering 170°C/2h 180°C/2h 550°C/2h

(case D) (case E) (case F)
Nitriding 520°C/14h | 520°C/4h 520°C/4h
Diffusion annealing 520°C/10h | 520°C/30h | 520°C/3h

RESULTS AND DISCUSION

For gaining information of the materials after the
chosen heat treatment methods like light microscopy,
measuring of hardness HRC and microhardness HV0,05
were used. The microstructure of the material 100Cr6
after hardening and tempering is illustrated in Figure 1.
The hardness of the material was 60 HRC (case A).

On a part of the cylinders the nitridation with diffu-
sion annealing was applied to increase the surface hard-
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Figure 2 Steel 100Cr6 nitrided layer (D)

ness (case D). The nitrided layer hardness was 641
HV0,05. The depth of the layer was 0,15 mm as it can
be seen in Figure 2.

From the material X210Cr12 samples were treated
according the corresponding norm (case B). The maxi-
mal hardness of the samples was 60 HRC. The structure
of the material is almost the same as the structure of
steel 100Cr6. The only difference is in the higher car-
bon content of steel X210Cr12.

Samples of this material after the heat treatment
were nitrided and diffusion annealed. The nitrided layer
of steel X210Cr12 is documented in Figure 3.
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Figure 4 Steel 100Cr6 nitrided layer (D)

The higher amount of chromium caused that the
hardness of the layer increased to a value of 853
HV0,05. The depth of the nitrided layer was 0,15 mm
and in the depth 0,17 mm. From steel X210Cr12 an-
other part of the samples was hardened from 1 100 °C in
to oil, and then tempered at 550 °C for two hours (C).
The hardness after hardening was 55 HRC and after
tempering in increased to 58 HRC. The structure of this
material is a typical high tempered martensite. The cyl-
inder samples were nitrided and diffusion annealed. The
maximal depth of the layer was 0,18 mm and its hard-
ness reached 1 417 HV0,05. In the depth of 0,25 mm the
hardness was 570 HVO0,05. The detail of the nitride
layer is documented in Figure 4.

The dependence of the layers hardness over the lay-
er depth of materials 100Cr6 (D), X210Cr12 (E) and
X210Cr12 (F) are documented in Figure 5.

The measurement of the tested samples was focused
on the materials weight loss after all heat treatments.
The relative abrasion wear resistance was set according
the steel 100Cr6 in case A, with the hardness of 60 HRC
and its value was set to “’1”’. The abrasion coated paper
of grain P 120 was put on a cylinder of diameter
D = 150 mm, and the samples were fixed in a fixation
device. The pressure force was F = 5 N, the trajectory
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Figure 3 Steel X210Cr12 nitrided layer (E)
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Figure 5 Nitrided layers hardness over the layer depth
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was s = 40 m. The samples were weighted with a toler-
ance £ 0,0001 g. The materials weigh losses are shown
in Tables 3 and 4.

Table 3 Hardened materials weight loss

Hardened and tempered
Material Average weight loss / g
100Cr6 (A) 0,02388
X210Cr12(B) 0,01654
X210Cr12(C) 0,01332

Table 4 Nitrided and diffusion annealed materials weight

loss
Nitrided with diffusion annealing
Material Average weight loss / g
100Cr6 (D) 0,03248
X210Cr12(E) 0,01700
X210Cr12(F) 0,01060

From the obtained information it can be seen that the
steel 100Cr6 has a higher abrasive wear resistance com-
pared to its nitride state. The reduction in the resistance
is caused by the fact that the & phase occur around the
carbides. The ¢ phase creates nitride nets, which reduce
the layer unity. The same phenomenon occurred in the
steel X210Cr12 after its norm heat treatment. The
X210Cr12 steel had the same hardness like 100Cr6 af-
ter hardening and tempering, but the steel X120Cr12
had more special carbides in its matrix which affected
the abrasion wear resistance positively. In both cases
after nitridation the abrasive wear resistance was de-
creased. The comparison of the materials abrasion rela-
tive wear resistance is documented in Figure 6.

The decrease of the materials abrasion wear resis-
tance after nitridation was caused because the nitride ¢
phase occurred, which caused the layer to crack and re-
move the carbides from the soft matrix. In the case of
the unconventional heat treatment of the X210Cr12
steel the abrasion wear resistance rise compared to the
norm heat treatment. It was caused by the fact that the
high hardening temperature enabled the carbides and
carbon to melt and the austenite could saturated to its
maximal capacities. After the hardening and tempering
the steel hardness was 58 HRC. Due the lower hardness
of the material it showed the highest abrasion wear re-
sistance after hardening and tempering. The applied ni-
tridation was very gainful. The high degree of the aus-
tenite saturation and its homogeneous chemical compo-
sition enabled to create complex nitrides and carboni-
trides in the nitrided layer which lead to a high increase
of the material abrasion wear resistance.
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Figure 6 Materials relative abrasion wear resistance

CONCLUSIONS

The aim of this experiment was to demonstrate the
influence of the heat treatment of materials used for
working in abrasion wear conditions. From the results it
is clear that the hardness of the material and the amount
of carbides cannot be the main criterions for the appli-
cation for materials working in these conditions. These
materials should have proper chemical composition,
heat treatment, structure and hardness. The best proper-
ties of the tested materials were obtained for steel
X210Cr12 with a martensitic structure with precipitated
carbides. The layer after nitridation was without the un-
wanted ¢ phase, it was thicker and harder compared to
the norm treated material.
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