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Abstract

This study aims to verify the abrasive wear resistance, against two-body and three-
body tribosystems, of high chromium white cast irons used in grate bars for sinter
plants.Three alloys of high chromium white cast irons were chosen from grate bars
applications in a sinter plant. The materials were tested in three different tribometers:
scratch test, pin-on-disk test and LTM test. The first two simulate severe abrasive
wear conditions and the latter simulate a non-severe abrasive wear condition. The
wear rate for each test was measured. The most resistant material to the abrasive
wear simulated by the scratch test and the pin on disk test was the CO alloy. The
presence of M;Cs; carbides precipitated in the eutectic phase offered higher
protection to the austenitic matrix against the microploughing mechanism. On the
other hand, for the LTM test, the most resistant material was the J4 alloy. The higher
capacity of the ferritic matrix to absorb plastic deformation offered the material a
higher resistance to the multiple indentation events.
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1 INTRODUCTION

High chromium white cast irons (HCWCI) are materials widely used in heavy
industries like mining, iron making and cement due to its high abrasive wear
resistance and economical competitiveness.

The main input of the iron making industries is the iron ore. This product, in many
plants, is supplied by a sinter plant basically composed by grate cars that travel along
the furnace carrying the iron ore during the agglomeration process. The grate bars
are the main components in direct contact with the raw material through the whole
process they are designed to work under high loads and high temperatures.

At the end of the sinter furnace, the grate cars reach an inversion point that lead the
agglomerated material, named sinter, to slide on the grate bars falling into the
discharge process. When the sinter slides on the grate bars a severe abrasive wear
mechanism takes place. This mechanism was the motivation to the work published in
2004 by Del Piero.™ This author evaluated the abrasive wear resistance of different
HCWCI alloys using the single pass pendulum technique.

The present work aims to continue this study by investigating the wear rate under
three others tribometers named scratch test, pin-on-disk test and LTM test. The first
two simulate severe abrasive wear conditions and the latter simulate a non-severe
abrasive wear condition. The wear rate for each test was measured

2 MATERIAL AND METHODS
2.1 MATERIAL

2.1.1 High chromium white cast irons

High chromium white cast irons are alloys mainly composed by iron, carbon and
chromium. They are characterized by an eutectic reaction during solidification.
Known by their wear resistance, plenty of studies®® have been developed
attempting to correlate the microstructures proprieties and the wear rate.

The microstructure is a function of the cooling velocity and the chemical composition.
The ternary diagram Fe-Cr-C developed by JACKSON and later improved by Thorpe
e Chicco™ shows the phases that should be present as a function of carbon,
chromium and iron concentrations. The addition of alloying elements, although it
causes a few distortions on the ternary diagram,™ it helps to control the solidified
material microstructure.

The relation Cr/C is strongly related to the precipitated carbide fraction (K). Maratray
and Usseglio-Nanot!*? developed a equation that predicts, with 2,13% of standard
deviation, the fraction of carbides precipitated.

2.1.2 Characterization of CO, JO and J4 white cast irons alloys
The white cast irons alloys used in this study were characterized by Del Piero. The
Table 1 indentifies each alloy and presents its hardness.

Table 1 - Identification of each white cast iron alloys

Material Condition Hardness [HV, ]
CO As cast. 450,6
JO As cast. 426,6
J4 After 3,5 year of work. 381,4
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The alloys CO and JO have and austenite and an eutectic phases. The eutectic is
composed by austenite and M;C3 carbides. The J4 alloy, due to the working cycles,
has a ferritic matrix and secondary carbides M3Cg precipitated through out the
matrix. Metallographic pictures can be seen in the Figure 1.

(b)

Figure 1- (a) CO alloy. (b) JO alloy. (c) J4 alloy.

A chemical composition is presented in the  Table 2, a quantitative metallographic

in the Table 3 and phase volumetric fraction analysis through Mdssbauer
spectrometer in the
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Table 4.
Table 2 - Chemical composition of white cast irons specimens
Material %C %Cr %Si %Ti %V %Mo %P %S %Mn
C 1,718 | 25-27 | 05-0,7 | 0,12-0,18 | 0,15-0,25 | 0,3-0,5 | 0,04 | 0,03 | 0,7-0,9
J 1,4-1,6 25-28 1,25 - - - 0,02 0,01 0,8

Table 3 — Fraction volume and average carbide diameter of white cast irons alloys. Data collected
from the literature!™

Material % Vol carbides Average dia. (um)
Co 17,03+2,78 8,77 +£1,33
JO 16,21 £ 2,46 4,23 + 0,57
J4 31,28 + 8,15 7,21+1,84
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Table 4 - Phase volumetric fraction analysis through Mossbauer spectrometer™

Specimen Phase Area [%)]
Austenite 72,6
Ferrite 16,7
co M-C, 10,7
M23Ce -
Austenite 56,6
Ferrite 34,6
J0 M-C, 8,8
M23Ce -
Austenite 3
Ferrite 85,5
J4 M,C4 0,2
My3Cs 7,2

2.2 METHODS

2.2.1LTM test

The LTM test is a non standardized tribometers developed at Uberlandia’s Federal
University. Usually it simulates a non severe abrasive wear. It's accepted by the
scientific community!*3*¥ and has a low cycle time and high reproducibility.™*!

The Figure 2 presents an illustration of the LTM test. Three samples are pressed
against a spinning grey cast iron plate. The rotation movement of the plate and the
constructive system of the machine creates a relative motion between the samples
and the plate. The wear rate is measured at steady state by the mass loss.

Fn

Figure 2 — lllustration of LTM test.™ Fn is the normal force.

The Table 5 presents de parameters used in the test.
Table 5 - LTM test parameters
Normal pressure (KPa) 30,37
Abrasive Sio,
Abrasive size [um] 150 a 300
Fluid Air

2.2.2 Pin-on-disk
The pin-on-disk test is a standardized test’® and widely used by the scientific
community. It simulates a severe abrasive wear. Although there is a standard related
to this tribometers many adjustments are usually made to reproduce a specific
micromechanism.
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Uberlandia’s Federal University has a pin-on-disk test developed by Pacca, Raslan
and Mello.*"! It's a multiple tribometers once it can simulate two or three bodies tests
depending on the configuration.

For this study a two body test was chosen. The pin travels on an abrasive paper and
spins around its own axial. The normal force is given by a dead weight. The Figure 3
presents an illustration of the pin-on-disk test developed.

Figure 3 — lllustration of pin-on-disk test."®

The Table 6 presents the parameters used in this test.

Table 6 — Pin-on-disk test parameters

Disc velocity [rpm] 25
Sample velocity [rpm] 25
Distance [m] 3,2
Duration [s] 22
Abrasive Al,O3
Abrasive size [um] 14,1+85

2.2.3 Scratch test

The scratch test is a mono event of grooving. One of the first studies regarding the
ability of one material perform a grove in another was developed by Mohs*® in 1824.
The scratch hardness and the indentation hardness are different proprieties. The
indentation hardness has been adopted as a general rule for designs®®? and the
scratch hardness has been normally used as a quality control technique.”

The scratch test consists of an indenter, used in indentation hardness tests, which
sustain a normal load and assume a translation motion, see Figure 4. The wear rate
is measure by the grove size (d).

= - kT
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Figure 4 — lllustration of a scratch test. Fn is the normal load, d is the size of the grove and V is the

velocity of the translation motion.!

For the white cast iron alloys it was used a Vickers pyramidal indenter with a 136°
angle. The Table 7 presents the test parameters used

in this test.

Table 7 — Scratch test parameter

Scratch velocity [mm s-1]

0,1

Normal load [N]

10

3 RESULTS

3.1 Micromechanisms

The Figure 5 and Figure 6 presents the micromechanisms observed in the

specimens after tested in each tribometer.

715




- ISSN 2179-3956
Trl bo B ‘-I 24" to 26" novemnber, 2010

Copacabana, Rio de Janeiro/RJ, Brazil

First Intermatianal Brazifan Conference on Tribology — TriboBr-2000 and
75 - [FTohM 30140 - 2 Intamational Tribokagy Symposium of FTakila <

r - o s

(©)

Figure 5 - Micromechanisms of the LTM test. (a) CO alloy. (b) JO alloy. (c) J4 alloy.
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Figure 6 - Micromechanisms of the scratch test.

For the LTM test, the electron microscopy shows a mix of multiple indentation and
microploughing mechanisms that lead to the material loss. The multiple indentation
mechanism is predominant.

For the scratch test, it is observed a mechanism of microcploughing. The fy, factor
was never above 0.38. A typical profile is presented in the Figure 7.
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Figure 7 - Typical profile of the specimen JO.

3.2 Wear rate

The wear rate of each specimen is presented in the Figure 8.
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Figure 8 - Wear rate measured.
4 DISCUSSION

For the LTM test the micromechanism simulated in this tribometer is, predominantly,
multiple indentations. Therefore the classification obtained will be strongly influence
by the ductility of the alloys. The CO and JO alloys have similar chemical composition
and very close hardness. The difference observed in terms of wear rate can be
explained by the higher presence of ferrite in the JO alloy, which will increase the
ductility that allows the material to absorb more deformation. The J4 alloy has de
lower wear rate once its matrix is mainly composed by ferrite.

The pin-on-disk and the scratch tests represent a global and local tribosystem
respectively. The former simulates multiples events of cutting or ploughing and the
latter, a single event. Therefore the same classification is expected. The alloy CO has
the lower wear rate which is explained by the higher content of M;C3 carbides which
protects the matrix. As this protection decreases the wear rate increases.

When the wear rate behaviors of the scratch and pin-on-disk tests are compared it
can be observed a higher increase of the wear rate as the hardness decreases on
the pin-on-disk test. It can be explained by the multiple events interaction, a
consequence of the global approach.

5 CONCLUSION

In the LTM test the J4 alloy presents the lower wear rate. The multiple indentation
micromechanism predominates. The ferritic matrix offered a higher ductility and
consequently a lower work hardening which increased the wear resistance.

In the pin-on-disk and scratch tests the CO alloy presented the lower wear rate. The
micromechanism is the microploughing. The presence of M;Cs primary carbides
offered a higher matrix protection, which led to higher wear resistance.
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