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Preliminary Note – Prethodno priopćenje

The paper presents the results of studying microhardness and tribological characteristics of antifriction cast iron 
grade AChS-3 after modification with titanium carbide. Titanium carbide has been used as a nanomodifier to change 
the structure parameters by forming additional crystallization centers. It has been established that introducing tita-
nium carbide in the amount of 0,2-0,3 % by weight with dispersion of 0,3-0,5 μm leads to increasing its hardness and 
wear resistance by about 20 %, while the friction coefficient decreases by almost 2 times.
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INTRODUCTION

Antifriction cast iron grades AChS-1 ̶ AChS-6 (SS 
1885-85) are intended for manufacturing parts operat-
ing under friction conditions: bearings for shafts, swivel 
joints, bushings, worm gears, etc. High antifriction 
properties of this group alloys are primarily provided by 
the characteristics of the structure [1]. The quantitative 
ratio between ferrite and pearlite, the dispersion of these 
components are of great importance, as well as the 
amount and characteristics of the graphite phase, which 
plays the role of a lubricant and thereby reduces the co-
efficient of friction.

It should be noted that microalloying with some 
elements (Sb, Cu, Nb, Ni, Ti, etc.) also has a signifi- 
cant effect on the antifriction properties of cast iron, al-
though it does not lead to significant qualitative chang-
es in the structure or phase composition. The effect of 
microalloying is manifested to a greater extent in the 
impact on the morphology and dispersion of the graph-
ite phase, which affects decisively the antifriction prop-
erties [2].

In work [3], the effect of introducing a modifying 
mixture (MM) on the parameters of the graphite phase 
and the properties of cast iron SCh-25 was studied. The 
modifying mixture consisted of titanium and zirconium 
oxides and cryolite as a surfactant. The main feature of 
the MM used was the nanoparticle size, which averaged 
0,9 µm. The studies showed that introducing MM in the 
amount of 0,3 % by weight leads to increasing the 
strength properties of cast iron, increasing the disper-
sion of the metal matrix and the graphite phase.
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Works [3-5] show that in order to provide a finely 
dispersed structure in 1 cm3 of the melt, at least 106 crys-
tallization centers must be formed. Insoluble nanoparti-
cles of modifiers can act as such centers. The calculation 
given in work [3] shows that with dispersion of 0,9 μm 
and introducing 0,3 % MM by weight, the number of 
crystallization centers in 1 cm3 is 4*1010/сm3, which, ac-
cording to [5], is quite sufficient to develop a finely dis-
persed structure during cast iron crystallization.

In this case, the finely dispersed structure refers to 
both the fineness of the metal base and the parameters 
of the graphite phase.

Thus, introducing nanoscale modifiers as a factor of 
developing a finely dispersed structure, including the 
regulation of the interstitial phases or the graphite phase 
size, is theoretically quite justified. It was experimen-
tally proven [6-9] that the use of nanomodifiers led to 
increasing the dispersion of the alloy structure and in-
creasing its operational properties.

It is logical to assume that introducing the MM into 
the composition of antifriction cast iron will also have a 
significant effect on changing the structure, forming the 
graphite phase, and changing the properties. In the pre-
vious study [7], the effect of titanium carbide on the 
formation of a graphite phase was studied. It was found 
that introducing titanium carbide at a certain ratio of 
chromium-silicon contributed to the graphite phase 
grinding acting as an additional graphitization center. 
Titanium carbide (as well as titanium and zirconium ox-
ides) is a refractory compound, it retains its individual-
ity in the melt and promotes the graphitization process 
and formation of sufficiently fine graphite. In other 
words, titanium carbide can also be considered as a na-
nomodifier to increase the cast iron structure fineness.

The purpose of this paper is to study the effect of ti-
tanium carbide on the properties of antifriction cast iron 
and structural changes.
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MATERIALS AND METHODS

Antifriction cast iron grade AChS-3 has been used 
as the object of studyl its chemical composition is given 
in Table 1. Cast iron of this grade is intended for manu-
facturing bushings or bearing housings working in tan-
dem with a hardened or normalized shaft. The part re-
quires sufficiently high hardness and wear resistance, 
and at the same time good antifriction properties, the 
friction coefficient should be no more than 0,4.

The graphite phase plays the role of a lubricant, its 
parameters are also strictly regulated by SS 1585-85 
(Table 2).

Titanium carbide grade F500 (TS 6-09-492-75) has 
been used as a nanomodifier. According to the specifi-
cations, the dispersion of titanium carbide of this grade 
is 500 microns, not less than 80 %. To improve the ef-
ficiency of introducing a nanomodifier as crystalliza-
tion centers to obtain a finely dispersed structure, the 
dispersion of titanium carbide has been increased to 0,5 
μm according to calculations [3].

Additional grinding has been carried out in a Retsch 
Emax nanomill with the following grinding parameters: 
the size of the grinding balls 15 mm; rotation speed 1 
200 rpm. After grinding, a fractional analysis of the re-
sulting titanium carbide powder has been carried out on 
an FSH-6K photosedimentometer. After additional 
grinding dispersion has been 0,3-0,5 μm with the frac-
tion content of at least 80 %.

Such properties as microhardness, wear resistance 
and tribology have been studied on prototypes.

Vickers microhardness tests have been carried out 
on a DuraScan-70 automatic microhardness tester (EM-
CO-TEST, Prüfmaschinen GmbH).

Tribological tests have been carried out in air using 
a tribometer (CSM Instruments). There were the fol-
lowing test conditions: a counter-body WC ball with the 
diameter of 6 mm; the «ball-disk» scheme; load 5N; 
sliding speed 10 cm/s; run length 500 m.

Wear track profiles have been measured on a Wyko-
NT110 optical profilometer (Veeco, USA).

EXPERIMENTAL PART AND DISCUSSION  
OF THE RESULTS.

Сast iron grade AChS-3 has been smelted in the lab-
oratory furnace UIP-25 with a modernized cooling sys-

tem. The composition of the charge has been calculated 
according to the accepted norms of waste, the correc-
tion of the composition has been performed by intro-
ducing an appropriate amount of ferroalloys. The com-
position of the alloy has been controlled using a NI-
TONXL2-100G and Argon-5SF spectrometer (Table 1).

The alloy has been poured into CMC crucibles with 
the volume of 80 ml at the temperature of 1 450 0С. Dif-
ferent amounts of titanium carbide have been placed in 
the crucibles in the range from 0,1 % to 0,3 % of the 
estimated mass of the sample. For uniform distribution 
of titanium carbide throughout the volume, the cruci-
bles with the melt have been subjected to ultrasonic 
treatment using a laboratory ultrasonic complex LUK-
0,5/20-O at the amplitude of 150 μm and frequency of 
125 Hz. Upon completion of cooling, the have been pre-
pared for studying microhardness and tribological prop-
erties.

All tests were carried out three times. Table 3 shows 
the average values that are reflected in the correspond-
ing interface.

Table 1 Composition of AchS-3 cast iron/ wt. %

Sample* C Si Mn Ni Cr Ti Cu S P
SS 3,2-3,8 1,7-2,6 0,3-0,7 to 0,3 to 0,3 0,03-0,1 0,2-0,5 to 0,12 0,15-0,4

experimental 3,4 1,9 0,5 0,3 0,3 0,1 0,4 0,1 0,2

*Note: SS – the alloy composition in accordance with State Standard 1585-85; experimental – the alloy composition of the experimental labora-
tory alloy.

Table 2 The graphite phase parameters of AChS-3, SS 1585-85

graphite pearlite hardness, НV
form dimension distribution area dispersion

PGf1-PGf4 PGd15-PGd180 PGd1-PGd3 P85, P70 PD0,3-PD1,6 160-190

Table 3 Dimensions of wear impact-craters

Sample Axe X/ 
mm

Axe Y/ 
mm

Height/ 
mm Angle/0 Ra / µm

1 0,11 0,12 0,002 12,3 3,12
2 0,05 0,07 0,001 6,04 2,88
3 0,42 0,45 -0,25 48,09 5,28
4 0,29 0,31 -0,12 32,1 6,43

Figure 1 shows a comparison of the wear track pro-
files of samples before and after modification with dif-
ferent amounts of titanium carbide. The curves have 

Figure 1 �Comparison of the experimental sample wear profile 
parameters
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been obtained on the basis of measuring the impact-
crater of the sample according to the following param-
eters: Ra as well as the height and width of the craters, 
taking into account the roughness characteristics.

The generalized results of the tests are presented in 
Table 4. It can be seen from the data in Table 2 and the 
analysis of Figure 3 that sample No. 2 has the lowest 
friction coefficient, sample No. 1 also has a fairly low 
friction coefficient.

CONCLUSION

Introducing titanium carbide in the amount of 0,2-
0,3 % by weight with the particle size of 0,3-0,5 μm as 
a modifier in antifriction cast iron grade AChS-3 leads 
to increasing its microhardness and wear resistance by 
an average of 20 %. The coefficient of friction in the 
WC ̶ ACHS-3 pair is reduced by almost 2 times, which 
should affect increasing the service life of AChS-3 as an 
antifriction material. Introducing titanium carbide in 
another range does not lead to an effective change in the 
studied characteristics.
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Table 4 The results of the tests carried out

Sample 
number

Modifier amount 
/ wt. %

Microhardness 
/ HV

Friction  
coefficient

1 0,2 310 0,25
2 0,3 319 0,1
3 - 248 0,4
4 0,1 291 0,4

The same samples are characterized by almost zero 
wear profile and zero crater dimensions.

Samples Nos. 3 and 4 have sufficiently deep and 
wide wear tracks, high coefficient of friction, the di-
mensions of the crater vary within -20 microns in height 
and up to 0,45 mm in width. At the same time, it should 
be noted that sample No. 3 (unmodified) is character-
ized by the appearance of protrusions along the edges of 
the crater, which can indicate brittle fracture at the be-
ginning of wear [10].

Summarizing the results of tribological and micro-
hardness tests, it can be said that introducing titanium 
carbide in the amount of 0,2-0,3 % by weight leads to 
increasing hardness and wear resistance, while the fric-
tion coefficient decreases. It should be noted that intro-
ducing TiC in the amount of 0,1 % has practically no 
effect on the studied properties, which apparently indi-
cates the insufficiency of additional crystallization cent-
ers to ensure the dispersity of the structure.

Increasing the amount of TiC over 0,3 % also does 
not make sense, because with introducing 0,2 % or 0,3 
%, the properties of the alloy remain almost the same.

According to the classical theory of wear, increasing 
hardness of rubbing surfaces leads, as a rule, to increas-
ing the friction coefficient [2] under the same wear con-
ditions, however, in this case, the opposite phenomenon 
is observed: the friction coefficient decreases.

This fact can in all likelihood be explained by the 
presence of structural changes that occur as a result of 
modification with titanium carbide, for example, by in-
creasing the metal matrix dispersion and the graphite 
phase, whose role as a lubricant is obviously increasing. 
To confirm this assumption, it is necessary to carry out 
a detailed study of the prototype structure, which will 
be the next step in the research.

Note: �Responsible for the English language is Natalya Drak, Karagan-
da, Kazakhstan
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