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COMPARISON OF THE WEAR RESISTANCE OF HARDOX 500 STEEL
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The paper presents the results of experimental studies on abrasion resistance of Hardox 500 steel and
20MnCr5 steel subjected to thermo-chemical treatment. These types of steel are often used for agricultural or
construction machinery. Abrasion tests were performed on a T-11 pin using a disc tester. The test conditions
correspond to the wear caused by micro-grinding and grain-cutting using particles from the product as well
as a result of abrasion produced by loose abrasive material created through the chipping of silica sand grains.
The obtained results can be useful in the selection of materials for machine components.

Hardox 500, 20MnCr5, zuzycie.

W pracy przedstawiono wyniki badan eksperymentalnych dotyczacych odpornosci na zuzywanie $cierne stali
Hardox 500 i stali 20MnCr5 poddanej obrobee cieplno-chemicznej. Stale te czgsto stosuje si¢ na elementy
maszyn rolniczych lub budowlanych pracujacych w glebie lub kontaktujacych si¢ z innymi materiatami $cier-
nymi. Testy $cieralnosci wykonano na testerze typu trzpien-tarcza T-11, a pare cierna stanowit zespot stal-
-silikat. Warunki testu odpowiadaja zuzywaniu na skutek mikroskrawania i bruzdowania ziarnami bedacymi
cze$cig wyrobu oraz na skutek $cierania przez luzne $cierniwo powstajace w wyniku wykruszania si¢ ziaren

INTRODUCTION

Abrasive wear is a common source of intensive
deterioration of machine components. It is estimated
that under industrial conditions, it is responsible for
approximately 50% of all cases of wear [L. 1, 3]
creating a need for research which can find methods of
minimizing the effects of this process [L. 3]. Depending
on technological requirements steels with a high
resistance to abrasion or treated using hardfacing, laser
cladding, and various other surface treatments (such
as thermally sprayed composite coatings containing
chromium, titanium or tungsten carbide) are employed
[L.2,4,5,6,7,8,16,17]. The properties of the materials
listed above are generally known. However, we lack
sufficient knowledge and practical guidelines regarding

piasku z silikatu. Uzyskane wyniki moga by¢ pomocne przy doborze materialdw na elementy maszyn.

some peculiar or rarely occurring combinations which at
times are made to work together (like steel and silicate).

Wear resistant steels are often utilized for elements
of construction machinery (such as the buckets of
excavators or loaders). During operation, these elements
are subjected to wear through contact with abrasive
materials including soil, gravel, etc. In these cases, the
grains can move relatively freely [L. 1, 9, 10, 11, 12,
13]. However, during the production of construction
materials (silica blocks for example), there is abrasive
wear that happens as a result of micro-grinding and
grain-cutting by particles that come from the product
[L. 14]. This process occurs during the compaction
of a lime-sand mixture and as the finished product is
removed from the form. At the same time, there is also
wear caused by loose abrasive material in the form of
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the lime-sand mixture settling on the surfaces of various
elements working against each other on the production
line [L. 7].

Elements of agricultural or construction machines
that come in contact with soil do not have to maintain
fixed dimensions. If their dimensions change as a result
of wear, it does not cause them to be withdrawn from
use. However, when it comes to forms utilized in the
production of silica brick, it is important that they retain
required dimensions and shape [L. 15]. A small amount
of wear can mean that they may need to be replaced or
refurbished.

Hardox 500 steel exhibits good resistance to
wear caused by soil abrasion in comparison with other
materials intended to be used in the production of
elements that come in contact with soil [L. 18]. Hardox
steels are often utilized as the construction material
for the beds of dump trucks and are subjected to
being abraded by various materials including silicates.
Currently, there is a lack of research concerning the wear
caused by silicate related materials on Hardox 500 steel.

GOAL AND SCOPE OF RESEARCH

The determination of differences in the intensity of

abrasive wear of Hardox 500 steel and 20MnCr5 steel

subjected to thermo-chemical treatment in a steel-

against-silicate abrasion tests were undertaken. The

scope of research included the following:

* Analysis of literature concerning materials being
studies and processes of abrasive wear,

* A study concerning the mechanical properties of
materials being considered,

* The definition of study parameters, and

* The force of friction and the coefficient of friction
were established using a pin/disk wear tester.

a)

RESEARCH METHODOLOGY

Hardox 500 steel and 20MnCr5 steel subjected
to carburization (910°C), hardening (820°C), and
tempering (240°C) were the materials chosen for the
study. These materials are used in the production of
machines used for agriculture (e.g., ploughshares),
construction (e.g., excavator buckets, parts of forms for
the production of bricks), and other purposes. These
steels exhibit high resistance to abrasive wear [L. 1, 2,
7, 10]. Tensile tests were carried out to ascertain the
exact properties of tested materials. In accordance with
the EN 10002-1:2001 norm, samples of steels (Fig. 1a)
were cylindrical with a diameter of 5 mm and a gauge
length of 25 mm. Additionally, the hardness of every
sample was also measured. Tensile strength tests were
carried out using an MTS 322 Test Frame (Fig. 1b). The
unit ensures the high precision of measurements and
records a wide spectrum of parameters. The tensile tests
were conducted on three samples of every type of steel
at a temperature of 239K, and at a rate of deformation (at
measurement base) of 0.02 mm-s'.

Alist of values relating to the mechanical properties
of tested materials is presented in Table 1.

The microstructure as well as the chemical
composition of tested materials was identified.
Visual inspection was performed through the use of
a Neophot 52 light microscope connected to a Visitron
Systems digital camera. Microanalyses of the chemical
composition were conducted using a JEOL JSM — 5800
LV scanning microscope. The chemical composition
of the Hardox 500 steel was following:%C-0.29,
%Si-0.70,%Mn-1.60%, Cr-1.00,%Ni-0.50,%Mo-0.60,
and%B-0.004. The microstructure of the Hardox 500
steel has been identified as tempered martensite (Fig. 2).

The next step involved the establishment of
the chemical composition of the 20MnCr5 steel,

Fig. 1. A test sample and the MTS 322 Test Frame with an extensometer
Rys. 1. Przyktadowa probka oraz maszyna wytrzymatosciowa MTS 322 Test Frame z zamocowanym eksten-

sometrem
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Table 1. Mechanical properties of tested materials
Tabela 1. Wlasciwo$ci mechaniczne badanych materiatlow

Mechanical properties
No. Materials R, standard . standard E standard | Hardness | standard
[MPa] | deviation | [MPa] | deviation | [GPa] | deviation HV20 deviation
1. Hardox 500 1336 3 1623 28 204 3 511 12
Steel 20MnCr5 after
2. carburizing, hardening 1009 6 1245 33 198 4 582 7
and tempering

Fig. 2. Microstructure of tempered martensite — Hardox
500 steel: Mag. 500x, etched with 3% HNO,
(MilFe), light microscopy

Rys. 2. Mikrostruktura martenzytu odpuszczonego — stal
Hrdox 500. Pow. 500x, trawiono 3%HNO, (MilFe),
mikroskopia §wietlna

which was determined as%C-0.22,%Si-0.035,%Mn-
1.40,%Cr-0.30, and%Ni-0.30. The microstructure of
the 20MnCr5 steel which underwent thermo-chemical
processing was characterized by a 55 pm outer layer having
a different structure than the rest of the sample (Fig. 3).

Fig. 3. The microstructure of 20MnCrS5 steel: Mag. 100x,
etched with 3% HNO, (MilFe), light microscopy

Rys. 3. Mikrostruktura stali 20MnCr5. Pow. 100x, trawiono
3%HNO, (MilFe), mikroskopia $wietlna

Abrasion tests whose purpose was to compare
the resistance to abrasive wear of both materials were
conducted using a T-11 pin/disk wear tester (Fig. 4).
The test allowed us to establish friction force, friction
coefficient, and the intensity of wear [L. 18].

Fig. 4. A schematic of the T-11 position for the tribological pin on disc type test: 1 — pin, 2 — disk, 3 — force sensor,
4 — displacement sensor, 5 — controller BT-11, 6 — controller BT-03, 7 — Spider 8 — digital amplifier, 8 — computer

workstation

Rys. 4. Stanowisko do badan tribologicznych typu trzpien-tarcza T-11: 1 — trzpien (probka), 2 — tarcza (przeciwprobka),
3 — czujnik sily, 4 — czujnik przemieszczenia, 5 — sterownik BT-11, 6 — sterownik BT-03, 7 — cyfrowy wzmacniacz Spider 8,

8 — stanowisko komputerowe
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The sample was cylindrical with a diameter of 6 mm
(Fig. 5a). The countersample was a silicate disk made
from a mixture of lime and sand (Fig. 5b). On account
of the unusual composition of the countersample,
the load force was selected experimentally and the
selection criterion consisted of the ability of the disk
to withstand the load without braking. The duration of
the test was also defined experimentally choosing it so
that stable friction could be obtained. The test lasted
for 40 minutes. The sliding velocity was established at
v,= 01 m's”. The sample was loaded with a force
of P = 44 N. Taking into consideration established
assumptions, the countersample's rotational speed was
determined at n = 160 rpms.

During the experiment, the value of friction force T
was monitored, which allowed the identification of the
friction coefficient u:

I
u=4 M

where T — friction force, P — load of steel sample
perpendicular to the surface of the silicate disk (the

countersample shown in Fig. Sb).

Pressure p,=1.5 MPa was calculated on the basis of
the following formula:

_ 4P
P = d )

where P —load force on the sample, d — sample diameter
(Fig. 5a).

b)
a)

Fig. 5. Sample (a) and countersample (b) before the test
Rys. 5. Widok przed badaniem: a) probki, b) przeciwprobki

The measurement of sample mass before and after
the test allowed us to define the intensity of wear using
the following formula:

[=—— (€))

where M| and M, — mass of the sample before and after
the wear test [mg], S — distance the sample traveled
under load [m], F — area of the sample's cross-section
[m?].

RESEARCH RESULTS

Pictures of the sample and countersample after the tests
are presented in Fig. 6.

b)
a)

Fig. 6. Sample (a) and countersample (b) after the test
Rys. 6. Widok po tescie: a) probki, b) przeciwprobki

During the experiment, a layer of loose abrasive
material was created between the sample and the
countersample. Three wear tests were performed
for every tested material. The results allowed the
determination of friction coefficients for the materials
being tested. Figures 7 and 8 present the changes
occurring in the friction coefficients over time. The
calculations used values obtained after the stabilization
of the process gauged to occur after 1.000 s.
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Fig. 7. Friction coefficient graph; Hardox 500
Rys. 7. Wykres wspolczynnika tarcia; Hardox 500
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Fig. 8. Friction coefficient graph; steel 20MnCr5
Rys. 8. Wykres wspoétczynnika tarcia; stal 20MnCr5
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The test results were used to determine the average
intensity of wear /_, the average friction coefficient u
and the average friction force 7 . These parameters
allow the assessment of resistance to abrasive wear of

a given material. A list of obtained values of friction
force, friction coefficient and the intensity of the wear
of samples made of Hardox 500 and 20MnCrS5 steels are
presented in Table 2.

Table 2. Summary of the values: friction forces, the friction coefficient and wear intensity
Tabela 2. Zestawienie uzyskanych wartosci: sily tarcia, wspotczynnika tarcia oraz intensywnosci zuzycia
p,= 1,5 MPa
No. Material Average standard Average friction standard Average standard
intensity of wear .. coefficient .. friction force .
s deviation deviation deviation
Iav [mg il ] l‘l'aV Tav [N]
1. Hardox 500 1252.1 79.6 0.58 0.01 25.6 1.1
Steel 20MnCr5
p, | after carburizing. 1418.4 54.3 0.56 0.01 25.2 0.9
hardening
and tempering

Fig. 9. Sample surface of Hardox 500 steel, x50
Rys. 9. Powierzchnia probki ze stali Hardox 500, x 50

,ljf 4
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Fig. 10. Sample surface of 20MnCfrS steel, xS0
Rys. 10. Powierzchnia probki ze stali 20MnCr$5, x 50

Wear marks visible on the surface of samples are
shown in Figures 9 and 10. The wear occurred mainly
as a result of micro-grinding, but the surfaces also
showed microscopic cracks and tears. However, in both
cases, the main mechanisms responsible for wear were
micro-grinding and grain cutting.

CONCLUSIONS

The obtained results show that the material that has
a greater resistance to frictional wear ata load of p, = 1.5
MPa when applied to a countersample made of silicate is
Hardox 500 steel. This steel is characterized with greater
yield strength and resistance to stretching (the difference
in those values is approximately 25%). The hardness of
the outer layer of 20MnCr5 steel subjected to thermo-
chemical treatment is higher than that of Hardox 500
steel. The difference in the value of intensity of wear
amounts to approximately 12%. In both cases, the main
mechanisms responsible for wear were micro-grinding
and grain cutting.

The obtained values of friction coefficients are very
similar for both materials. This could be the result of the
creation of a layer of loose abrasive material between
the sample and the countersample, which had similar
properties during every attempt.

The research was conducted as part of the S/
WM/4/2017 and S/WZ/1/2015 projects financed from
educational funds of the Ministry of Science and Higher
Education
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