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Effect of TiB, additives on sintering temperature, structure and properties of the composite
material of the Fe- FeCr800 system
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Abstract: The effect of TiB2 additives on the sintering temperature, structure, and mechanical properties of materials based on the Fe-
FeCr800 system is investigated. It was shown that the introduction of titanium diboride additives leads to the activation of compaction and to
a 50-70°C decrease in the sintering temperature of the pressed composites based on iron. It has been studied that the addition of titanium
diboride in the range of 0.38-0.74 (% wt.) provides, with a slight increase in hardness, an increase of 20-25% of the flexural strength of the
composite 65Fe-35 FeCr800800 (% wt.), and also provides the formation of a multiphase, microheterogeneous structure of the matrix-filled
composite type, which consists of chromium steel of the X6Cr17 type, double iron-chromium carbides M;Cs;, M3;C and complex carboborides

of the Me;(CB) type.
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Heterogeneous Fe-Cr-C alloys are marked by a significant
difference in the properties of the structural components - carbide
and metallic phases in terms of their hardness, strength, ability to
plastic deformation, resistance to fracture. By changing the phase
composition and heterogeneity of the structure, additional
allocations of hard or soft inclusions can be obtained in the structure
of ferrochromic alloys by doping and modification. Such hard
inclusions can dramatically increase the abrasion resistance, and
soft antifriction properties of alloys [1].

Carbide steels, by their properties, are intermediate between
hard alloys and tool steels. They are most often based on alloy
steels, including stainless steels, and titanium carbide or
carbonitride is most often used as a solid component. In contrast to
the known solutions, we have proposed an iron-based carbide steel
with a high-carbon ferrochrome content of 35(% wt.) and titanium
diboride as an alloying additive.

In our previous works [2, 3], it was shown that, as an initial
chromium-containing solid component of a powder wear-resistant
material based on iron, instead of chromium carbide, high-carbon
ferrochrome powder FeCr800 of industrial production can be
successfully used. As a result of the active interaction during the
sintering of iron with high-carbon ferrochrome, complex iron-
chromium are additionally formed in the material structure.

As the most stable compound of boron and titanium, TiB, is
widely used due to its high melting point, high hardness and
excellent wear resistance. By alloying chromium carbidesteels Fe-
FeCr800 with titanium diboride, materials with enhanced
mechanical properties were obtained.

The aim of the work is to investigate the effect of titanium
boride additives (0.38-2.2 wt. %) on sintering temperature,
mechanical properties, and the structure of chromium carbidesteels.

Objects and research methods

Iron powder, high-carbon ferrochrome and titanium boride
powder were used as raw materials for the research. High-carbon
ferrochrome powder was obtained from FeCr800 Ilump by
mechanical grinding in a jaw crusher and then ball milled.

The source of boron in the mixture was titanium boride and
the boron content in the mixture ranged from 0.12 to 0.67(% wt.).
The choice of boron as an alloying additive is explained by the fact,
that it gives [4] several times stronger effect on iron than carbon,
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contributing to grain refinement and significantly increases the wear
resistance of white cast iron. In addition, boron forms a low melting
Fe-Fe,B eutectic with iron and can activate the sintering process of
a powder carbidosteel containing high carbon ferrochrome.

Powder mixtures of materials were prepared by wet milling-
mixing in a ball mill in alcohol medium according to the regimes
given in [4] article. The samples were pressed in a closed die at 800
MPa. Sintering was carried out in a vacuum electric furnace
according to pre-established regimes that ensure the production of
materials with maximum density. The mechanical properties of the
samples were determined by standard methods for powder materials
and hard alloys [5, 6]. The microstructure of the materials was
examined on a REM-1061 electron microscope. The phase
composition of the samples was investigated by X-ray diffraction
analysis (XRD) on the diffractometer "UltimalV/, Rigaku" (Japan).

Results and discussion

TiB, additives were introduced in an amount of 0.38-2.2
(wt. %), which corresponds to a titanium content of 0.5-2 (wt. %) in
the Fe-35% FeCr800 alloy. A study of the effect of sintering
temperature with an isothermal exposure of 30 minutes on density
and volumetric shrinkage showed (fig. 1) that, with an increase in
sintering temperature from 1100 to 1250°C, the density and
volumetric shrinkage of the samples increase monotonously. Such a
course of dependences is typical for powder materials, the sintering
of which occurs first in the solid and then with the participation of
the liquid phase.

With an increase in the content of the dopant, the increase in
the density and shrinkage of the samples is somewnhat inhibited,
which is especially noticeable in materials with 1.48 and 2.2% TiB,.
This may be due to the consumption of dopant components (Ti and
B) for the formation of complex Fe-Cr-Ti borides.

High values of volumetric shrinkage and density are
observed for samples with 0.74 (% wt.) TiB,. Even at sintering
temperatures of 1100 - 1150 °C, the volumetric shrinkage of the
material of this composition is 24.9 -32.8%, which is 1.5 times
higher than that of the sample of the basic composition. With an
increase in sintering temperature to 1200 °C, it reaches 34%, which
is the highest value among the samples of all the mixtures given due
to the formation of the liquid phase due to melting of the eutectic in
the Fe-Cr-BC system (~ 1180 °C), and activation of the sintering
process composite.
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Figure 1 - Influence of sintering temperature and TiB, additives on
volume shrinkage (a), density (b) of samples from composite
material Fe-35%FeCr 800

With increasing sintering temperature to 1250 °C, the

density and volumetric shrinkage of the samples decrease
somewhat, which can be explained by the formation of the
maximum amount of the liquid phase, therefore, the samples lose
their shape and even begin to melt, especially when the TiB,
content (1.48 and 2.2 %, wt. ).
The study of the effect of sintering temperature on the hardness and
flexural strength of materials Fe-FeC800-(0.38-2.2%) TiB, showed
(fig. 2) that an increase in sintering temperature from 1100 to 1200
°C leads to an increase in hardness and Flexural strength of
materials with titanium boride additives. With a further increase in
sintering temperature to 1250 °C, there is a slight decrease in
hardness and flexural strength of composites, which is associated
with grain growth, loss of shape, and the beginning of fusion of
samples.
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Figure 2 - Influenced sintering temperature and the amount of TiB,
on the hardness (a) and bending strength (b) of the material Fe-
35% FeCr800

Electron studies and local micro X-ray spectral analysis of
materials of the Fe- FeCr 800 system doped with TiB, showed that
their structure is microheterogeneous, multiphase and consists of
light gray, gray, dark gray and black phases. Alloying with the
addition of TiB, affects the structure of the carbide phase of the
composite, this is especially noticeable when the TiB, content is
0.74-1.48 (wt. %) (fig. 3 b, c). The size of carbides decreases from
8-13 t0 4-6 pum. This is explained by the simultaneous action of two
factors, on the one hand, boron affects the decrease in the sintering
temperature, and on the other hand, titanium additions contribute to
the inhibition of grain growth. The results of X-ray microanalysis
showed the composition of dark gray phases, indicating that this is
complex iron-chromium carbide of the Me;C; type, and the gray
phases are carboborides of the Me3(CB) type.

Figure 3 - Electron microscopic
image of the microstructure of
samples of materials Fe-
35FeCr800 (a) with TiB,
additives 0.74 (b), 1.48 (c) (%,
wt.)

C

As the content of boride additives increases from 0.74 to
1.48 (wt. %), the amount of carboborides increases, and the amount
of chromium-iron carbides decreases (fig. 3 b, c).
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Conclusions

The effect of the alloying addition TiB, on the sintering
temperature, structure formation and mechanical properties of
materials of the Fe-35FeCr800 system (wt. %) was investigated. It
has been established that the introduction of a boron-containing
additive into the charge of the base material 65Fe-35FeCr800 (wt.
%), due to the formation of low-melting iron-based eutectics,
reduces the sintering temperature of composites by 50-70°C It is
shown that with an increase in the sintering temperature from 1100
to 1250°C, the density and volumetric shrinkage of the specimens
monotonically increase. It was revealed that the use of these
additives  provides the formation of a  multiphase,
microheterogeneous structure of a matrix-filled composite
consisting of chromium steel, double chromium-iron carbides
M-,Cs;, M3C and complex carboborides of the Me3(CB) type. It is
shown that the introduction of titanium diboride into the basic
composition of the composite in the range of 0.38-0.75 (wt. %)
provides, with a slight increase in hardness, an increase of 20-25%
in the ultimate flexural strength of the 65Fe-35FeCr800 composite
(wt. %).
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1SO 4498-1-90 “Metal sintered materials, excluding solid
alloys. Determination of apparent hardness. The materials
are mainly with uniform hardness across the cross-
section”.

1ISO 3327 "Alloys are solid. Determination of the tensile
strength at the transverse bend".
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