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A STUDY OF WEAR OF HIGH-CHROMIUM CAST IRON

UNDER DRY FRICTION
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The wear resistance of high-chromium cast iron is studied under conditions of dry friction after austenization

at 1040°C for 5 h, wind cooling and double tempering at 540 and 250°C for 2 h. The wear tests are conducted

in a ball-on-disc mode. The loss in the mass and the friction factor are determined as a function of the friction

path.
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INTRODUCTION

Alloyed high-chromium white irons also containing mo-

lybdenum have wear resistance exceeding that of other cast

irons. They are used in ore crushers, for making milling bo-

dies of ball mills, coatings, pistons, gears and in other cases

when the material has to be highly wear resistant [1, 2].

Chromium is introduced into the irons for raising the resis-

tance to corrosion. Coarse primary carbides and eutectic car-

bides of type M7C3 provide a high hardness and wear resis-

tance. High-chromium cast irons with molybdenum also pos-

sess a satisfactory toughness and a good machinability. An

optimum combination of wear resistance and toughness is

provided by alloying and heat treatment. High-alloy white

irons are classified into two groups. The first group contains

irons with 3 – 5% Ni and 1 – 4% or 7 – 11% Cr. The irons of

the second group bear 11 – 23% Cr and up to 3% Mo, as well

as nickel or copper. Some irons contain 25 – 28% Cr and up

to 1.5% nickel and�or molybdenum [3].

The wear resistance of high-alloy irons is determined by

their microstructure that includes primary and eutectic car-

bides and a matrix that may contain pearlite, retained austen-

ite and martensite in different combinations determined by

the composition of the iron and its heat treatment [4 – 8].

The aim of the present work was to study the wear of

high-chromium iron under the conditions of dry sliding fric-

tion (to determine the loss in the mass due to wear, the fric-

tion factor, and the special features of the structure of the sur-

face).

METHODS OF STUDY

We studied high-chromium iron of the following compo-

sition (in wt.%): 2.82 C, 0.63 Si, 0.61 Mn, 0.02 P, 0.01 S,

24.0 Cr, 0.49 Mo, 0.26 Ni, 0.08 V. Specimens of the cast iron

were subjected to austenization for 5 h at 1040°C and cooled

in air with a fan. Then we performed tempering at two tem-

peratures, i.e., 540 and 250°C for 2 h in each stage. The ma-

trix consisted of martensite without retained austenite [8].

The specimens for metallographic analysis were pre-

pared by the standard method. Before the wear tests the sur-

face of the specimens was polished with a diamond paste

with particle size of 3 �m. The etchant was a 3% solution of

nital.

The mean value of the microhardness was determined in

the ball-disc mode [9]. The rider was a steel ball 5 mm in di-

ameter (steel DIN 100Cr6 of type ShKh15). The load was

15 N, the friction path was 1 km. The results of the measure-

ments of the loss in the mass and of the friction factor were

recorded as a function of the friction path.

RESULTS AND DISCUSSION

The surface of an iron specimen after polishing is pre-

sented in Fig. 1. We can see inclusions of manganese sulfide

MnS and titanium carbonitride Ti(C, N). Figure 2 presents

eutectic carbides, secondary carbides and nonmetallic inclu-

sions. The microhardness of the matrix is 618 HV; that of the

carbide phase is 1752 HV.

The mass of the iron specimen before and after testing

for wear was 25.3933 and 25.3926 g respectively, i.e., the

loss in the mass was very low (0.7 mg). Figure 3 presents the
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dependence of the friction factor on the friction path. The

value of the friction factor in the steady stage is 0.18, which

corresponds to little wear. This value is lower than that ob-

tained in [10] for high-speed steels [0.25 – 0.35). The authors

have studied the effect of the content of carbon and chro-

mium and the roughness of the surface of cast rolls from a

high-speed steel and established that the friction factor de-

creased upon growth in the chromium content. The curve in

Fig. 3 was obtained by determining the friction factor on a

length of 1 km in every 10 m, which made it possible to de-

termine accurately the steady friction mode.

Figure 4 presents the microstructure of the cast iron after

wear tests. It can be seen that the wear involves regions of

the matrix, wheres the hard carbides of type M
7
C

3
are not

worn much. Plastic straining under a load occurs due to the

presence of a ferrite matrix stabilized by a high content of

chromium. The worn surface bears regions of localized

strain. We can also observe oxides formed due to the fric-

tion-induced heating.

CONCLUSIONS

1. In the initial (cast) condition the microstructure of the

high-chromium iron is dendritic and contains primary and

eutectic M
7
C

3
carbides. The primary carbides are located in

the dendrite spacing. After the two-stage tempering the tem-

pered matrix acquires fine carbide segregations.

2. The losses to wear (ball-disk tests) are 0.7 mg at a fric-

tion path of 1 km. The low wear is a result of the high hard-

ness the carbide component.

3. The friction factor in the steady stage is 0.18.

4. The friction process is accompanied by wear of the

matrix, while the carbide component remains virtually intact.

The matrix undergoes local straining and oxidation.
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Fig. 1. Inclusions of manganese sulfide MnS and Ti(C, N) carbo-

nitride in a polished specimen of high-chromium iron.
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Fig. 2. Microstructure of high-chromium cast iron after etching

(scanning electron microscopy): a) inclusions of MnS, fine segre-

gations of carbides in the matrix and eutectic chromium carbides;

b ) edged particle of titanium carbonitride inside a eutectic carbide.
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Fig. 3. Dependence of the friction factor (F ) on the friction path (S )

due to testing in the ball-disc mode.
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Fig. 4. Microstructure of the wear surface of high-chromium cast

iron (scanning electron microscopy).
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