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Abstract: The article highlights the results of experimental research of the impact of different
structures of steels with different thermal (hardening for different temperatures) and chemical-
thermal (carburizing, ion nitriding, nitrohardening) treatments for their wear resistance in abrasive
medium that simulated conditions of the extruder running when manufacturing feed grain mixed

fodder with the additives of mineral saponite.

To study the influence of the structure of the surface
layers on their wear resistance the samples were
made of different steels (Table 1), that were treated
in various thermal and chemical- thermal conditions
(hardening for different temperatures, ion nitriding,
carburizing and nitrohardening). This made it is
possible to obtain different structures of base
materials (martensite, austenite) and the surface
layers with carbide and nitride phases

The research was carried out on a special friction
machine [1, 2] (Fig. 1) at the pressure of 4 MPa,
sliding speed of 1.37 m/s and the temperature of 120-
140 °C in model abrasive medium that simulated the
conditions of the extruder running when
manufacturing feed grain mixed fodder with saponite
additives. Model abrasive medium was a water
solution of flour with 10% of saponite. Saponite
additive, containing more than 20 elements and
microelements, significantly improves the livestock
yield. Besides mineral saponite contains abrasive
particles of quartz sand.
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In the  process  of  chemical-thermal  treatment
gradient hardening  coatings are  formed on  the
material  surface. These coatings  have  different
phases and negative hardness gradient in depth due
to varable concentrations  of  diffusant and its

compounds with the metal. Such compounds cause
the changes in the structure of the material. Nitriding
cause the generation of a solid solution of nitrogen in
iron (a-phase, the concentration of nitrogen to 0.1%),
which has lattice of bcc structure; solid solution
based on compound FesN (y-phase, the
concentration of nitrogen to 6%) with face-centered
lattice; solid solution based on nitrides Fe,sN (e-
phase, the concentration of nitrogen to 11%),
hexagonal lattice. e-phase has a maximum hardness,
high corrosion resistance, but it is very fragile. y'-
phase is characterized by lower hardness but higher
ductility. a-phase has the lowest hardness. Alloying
elements (Cr, Mo, W, Al, V, etc.) in the structure of
the material increase the surface hardness of the
material due to the formation of nitrides of alloying
clements. The hardness of steel 6 is almost 2 times
higher than of steel 2.



Fig. 1 Machine:
1 - trunk; 2 - shaft with sliced it turns screw, 3 - puck

fixing samples 4 - tank with the model solution; 5-6 -
trunk lid, 7 - base, 8-9 - samples, 10 - bush; 11-12 -
bushings with antifriction material, 13-14 - screws
fixation lids; 15-16 - washers, 17 - screw fixation of
samples, 18 - adjusting screw of environment pressure;
] 19 - gauge, 20 - pin couplings, 21 - clutch, 22 - engine

Table 1
Chemical composition of steels under study
| — C‘hemical.comp@itiom % B
- C Mn [ Cr [ Si [ Ni S P Cu
1 Steel 1 02 045 | <025| 0.2 | <0.25| <0.04 | <0.04 |<0.25
2 Steel 2 045 06 | <025 02 |<0.25| <0.04 | <0.035 | <0.25
3 Steel 3 08 025 | <0.2 [0.25 | <0.25 | <0.028 | <0.03 | <0.25
4 Steel 4 098 03 1,5 1025 <0.3 | <0.02 | <0.027 | <0.25
541 Steel 5 ‘ 2.1 0.35 12 02 [ <0.35| <0.03 <0.03 <0.3
6 [ Steelé [ 04 0.5 145 [ 03 | <03 | <0.025[<0.025 | <0.3
Table 2
Characteristics of steel 5 after hardening
Hardening Surface Content of Wear intensity ¢ Surface
Ne | temperature | microhardness retained 1x10°% after the lg;%?%ﬁ?
T,°C Higo. MPa austenite A, % | way 3%103 \ way 3x103 M

1 900 6900 19 1.65 7000

2 |. 950 7090 28 137 7100

3 1000 7040 40 1.15 7090

4 1050 6700 55 1.1 6900

5 1100 5900 2 1.65 6300

6 1150 4800 93 2.6 4900

Table 2 and Fig. 2 show the results of the research of
steel 5 properties (hardness, retained austenite and
wear intensity) after hardening for different
temperatures. Studies have shown that the hardness
of the nitrided layer varies with the change of
hardening temperature. The maximum hardness is
achieved at 975 °C when its structure contains the
maximum amount of martensite (44%), 36% of
austenite and 20% of carbides. Decrease in hardness
after hardening at temperatures below 975 °C is
explained by the formation of soft ferrite component
in the structure of material that is a part of troostite,
which is characteristic for incomplete hardening of
tool steels.

At a hardening temperature above 975 °C hardness
also decreases, and this is explained the increases of
retained austenite in its structure. The increase of
hardening temperature increases the alloying of
solid solution by chromium and carbon as a result of
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carbide dissolution. As a result, steel has more
retained austenite and less martensite. The hardness
of steel is continuously decreasing and at hardening
temperature above 1150 °C the structure of steel 5
contains 93% of retained austenite, 5% of carbides
and 2% of martensite.
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Fig. 2 Characteristics of steel 5 depending on hardening
temperature: 1 - content of austenite A%; 2 - surface
microhardness H100, MPa, 3 - wear intensity 1x10-8



nitriding and its contents after nitriding does not
exceed 10% (fig. 4 curve line 1). The structure of the
material is almost stabilized due to the small number
of metastable phases. The intensity of surface wear
increases with the increase of steel hardening
temperature that is explained by the decrease in the
hardness of the material.

At nitrohardening, unlike nitriding, hardening with
the increase of temperature the content of retained
austenite increases significantly and at 1150 °C of
hardening it is 91%. Maximum surface
microhardness is 9050 MPa at 900 °C of hardening,
that 1s 150 MPa lower than at nitriding. Surface
microhardness  decreases depending on the
temperature of nitrohardening and on greater amount
of austenite in the structure of the material. The
minimum hardness at nitrohardening is 5600 MPa,
that is 1.5 times less than at nitriding. This is
explained by a large amount of retained austenite,
that has low hardness and a minimum amount of
martensite. The increase of the minimum surface
hardness at nitrohardening to 800 MPa in
comparison with the minimum hardness at hardening
is explained by the content of oxide and nitride
phases in the surface. Wear intensity at
nitrohardening is much lower than at nitriding (fig. 4
curve lines 5, 6). Minimum wear intensity (0.3%10)
is achieved at 1030-1050 °C of hardening and 45-
55% of retained austenite, that is 1.5 times less when
compared with nitrided and 3.7 times less when
compared with hardened steel 5. The regularity of
influence of retained austenite on wear intensity of
nitrohardened steel 5 is similar to the regularity of its
wear during hardening, but differs in the fact that the
velocity of wear intensity increase after hardening
temperature of 1050 °C is lower because of alloying
retained austenite by nitrogen, that increases its
stability. '

1 2 3 4 ) € 7 L] 9 i Etl

Fig. 5 Diagram of different steels wear at abrasive wear in
model solutions with different thermal and chemical-thermal
treatment: 1 —steel 1; 2 — steel 2 (hardening); 3 — steel 3
(hardening); 4 — steel 1 (carburizing); 5 — steel 4 (hardening);
6 — steel 5 (hardening); 7 — steel 2 (nitriding) 8 — steel 4
(nitriding); 9 - steel 6 (nitriding); 10 — steel 5 (nitriding); 11 —
steel S (nitrohardening)
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Fig. 5 shows the diagram of wear resistance indicator
(I'") of various steels at abrasive wear in model
solutions with different thermal and chemical-
thermal treatment. The diagram shows that steel 5
has maximum wear resistance after nitrohardening,
that is 3.7 times higher when compared with steel 20
without treatment, almost 2-3 times when compared
with hardened steels, 2.4 times when compared with
carburized steel 20 and 1.5 -1.7 times when
compared with nitrided steels.

CONCLUSION

Thus, there is a linear dependence of wear resistance
on hardness in abrasive medium for alloys with
stable surface structure.

For alloys with unstable structure that are able to
change under the influence of abrasive wear, it is
necessary to take into consideration the structural
state of the material surface and wear resistance
depends mainly on the completeness of structural
changes in the wear process.
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