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INFLUENCE OF THE MECHANICAL ACTIVATION
OF REACTION MIXTURE ON THE FORMATION
OF MICROSTRUCTURE OF ZrB,-CrB COMPOSITES
OBTAINED BY ELECTROTHERMAL EXPLOSIONS

UNDER PRESSURE

A.
S. G. Vadchenko,! and A. V. Linde!

V. Shcherbakov,!2 V. A. Shcherbakov,! V. Yu. Barinov,!

Translated from Novye Ogneupory, No. 4, April, pp. 61 — 64, 2019

Original article submitted January 21, 2019

The ZrB,—CrB composites with a ceramic bond content of 80 wt.% and a relative density of 0.85 — 0.90 were
obtained by the method of electrothermal explosion under pressure. It is shown that the mechanical activation
of the source powder mixture decreases its heterogeneity and increases its reactivity. We also obtained a finely
divided ceramic composite with homogeneous microstructure containing needle-like ZrB, grains.

Keywords: mechanical activation, electrothermal explosion, zirconium diboride, chromium monoboride, ce-

ramic composite.

INTRODUCTION

The process of self-propagating high-temperature syn-
thesis (SHS) proves to be an efficient method for getting re-
fractory compounds. In the course of this process, the initial
reagents are transformed into refractory compounds and a
great amount of heat is released. The composition and struc-
ture of the final products depend on the characteristics of the
source heterogeneous mixture and the temperature of synthe-
sis [1, 2].

To increase the reactivity of the source heterogencous
condensed mixture, it is customary to perform the so-called
mechanical activation (MA). It is accompanied by the de-
struction of oxide films, accumulation of defects in the crys-
tal lattice, and grinding of particles, which leads to an in-
crease in the specific area of the surface of mixture and to a
more homogeneous mixing of the components [3, 4].

The present work is devoted to the synthesis of
ZrB,—CrB ceramic composites by the method of electro-
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thermal explosion (ETE) under the conditions of quasi-
isostatic compaction. The advantages of the ETE method are
connected with the combination of exothermal synthesis
with pressing (single-stage process), high productivity (the
duration of composite synthesis is equal to several seconds),
and the possibility to control over the thermal mode of
exothermal reaction. The investigated specimens pressed
from mixtures of zirconium, chromium, and boron powders
were heated by the direct transmission of electric current up
to the inflammation temperature at which thermal equilib-
rium is violated as a result of heat release in the course of the
exothermal reaction of synthesis of the ZrB, and CrB refrac-
tory compounds and the hot product is pressed [5]. In the
course of ETE, we measured the electric current and voltage
and, by using these quantities, determined the electric resis-
tance of the specimen depending on its phase composition
and microstructure. The indicated resistance affects the rate
of heating of the heterogeneous mixture and the regularities
of ETE: the lower the electric resistance, the higher the heat-
ing rate. Therefore, in order to decrease the duration of syn-
thesis and obtain homogeneous composites, the original
components were subjected to mechanical activation. The
aim of the present work is to study the influence of the me-
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Fig. 1. Diffraction patterns of the source mixture () and after MA
(b) for Zr (M) and Cr (A) powders.

chanical activation of zirconium and chromium powders on
the formation of microstructure of ZrB,—CrB composites.

EXPERIMENTAL PROCEDURE

We carried out the procedure of synthesis of ceramic
composites according to the following reaction:

(1-x)(Zr+2B) +x(Cr + B) - (1 —x)ZrB, + xCrB,

where x is the mass fraction of Cr + B in the mixture.

The scheme of reaction includes the formation of a
two-phase product in the form of well wetted ZrB, and CrB.
In this case, CrB plays the role of ceramic binder [6]. For the
synthesis of a composite with 80 wt.% of ceramic binder, we
chose the following composition of reaction mixture (wt.%):
16.17 Zr, 66.23 Cr, and 17.60 B. To prepare this mixture, we
used powders of PTSE-ZR zirconium, PKh1-M chromium,
and amorphous boron. The particle sizes of Zr and Cr were
smaller than 25 um, while the particle sizes of boron did not
exceed 0.2 pm.

We prepared the reaction mixture in two stages. In the
first stage, we performed the MA of zirconium and chro-
mium powders taken in the weight ratio 1/4 for 1h in an
AGO-2 mill. The mass of mixture was equal to 20 g and the
ratio of masses of the milling balls and the mixture was equal
to 20/1. Boron powder was not introduced in the mixture in
order to exclude its interaction with Zr [7, 8].

In the diffraction pattern of mixture after MA, there are
no peaks corresponding to the Zr phase. At the same time,
we observe wider peaks of the Cr phase (Fig. 1). This fact
shows that Zr is in the amorphous state but Cr has partially
preserved its crystal structure due to its higher mechanical
strength.

In the second stage, amorphous boron was added to the
activated Zr and Cr powders. They were mixed in an agate
mortar up to obtaining a homogeneous mass. From this reac-
tion mixture, we pressed cylindrical specimens (10 g in mass
and 20 mm in diameter) under a pressure of 110 MPa up to a
relative density of 0.5. The specimens were placed into a re-
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Fig. 2. Time (¢) dependences of the electric voltage U (a), current
strength 7 and the rate of its changes dl/dt (b), and electric resistance
R (c) of the specimen in the course of ETE of the source (/) and me-
chanically activated (2) mixtures.

action press-tool, compacted under a pressure of 96 MPa,
and heated by the direct transmission of electric current.

The phase composition of the obtained materials was
studied with the help of a DRON-3 diffractometer (in the
monochromatic Cu K,-radiation) by using the Crystallo-
graphica Search Match computer program, and the database
on diffraction Power Diffraction File (2011). The micro-
structural investigations of the composites were performed
by the method of scanning electron microscopy in a Carl
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Fig. 3. Photographs of the original specimens (/), product of the
ETE (2), and polished specimens (3).
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Fig. 4. Diffraction patterns of the ZrB, — 80CrB composites ob-
tained without MA (a) and with MA (b): B) ZrB,, A) CrB.

Zeiss Ultra Plus field-emission scanning electron microscope
of ultrahigh resolution.

RESULTS AND DISCUSSION

In Fig. 2, we present the dependence of changes in the
electric parameters in the course of the ETE of reaction mix-
ture obtained under a pressure of 96 MPa and an electric
voltage of 11.5 V. The electrothermal explosion procedure
includes the stages of pre-explosion heating, thermal explo-
sion, and post-processes. In the stage of pre-explosion heat-
ing, the electric parameters remain practically constant and
the electric current does not exceed 0.1 kA. After the inflam-
mation, we observe sharp changes in the electric parameters:
the current strength increases from 0.1 to 5 kA, while the

Fig. 5. Microstructures of the ZrB,—80CrB composites obtained
under P=96 MPa and U = 11.5 V without MA (a) and with MA (b):
light areas correspond to ZrB,, and dark areas correspond to CrB.

electric resistance decreases from 70 to 2 mQ. This is ex-
plained by the increase in the area of contact surface between
the particles of the product. After thermal explosion, the
electric current continues to grow, which is connected with
the increase in the density of composite in the course of its
hot pressing [9 — 13].

The duration of pre-explosion heating of the activated
mixture is one-third as large as the time of pre-explosion
heating of the source mixture for the same voltages. This fact
shows that the procedure of MA noticeably increases the re-
activity of mixture. The density of the obtained ceramic com-
posites was equal to 5 — 5.5 g/cm? or 0.85 — 0.90 of the theo-
retical density (Fig. 3).

Ceramic composites contain the phases of ZrB, (zirco-
nium diboride) and CrB (chromium monoboride). In the
course of reaction, the initial reagents are completely trans-
formed into the ZrB, and CrB refractory compounds (Fig. 4).

The analyzed composite contains ZrB, particles and the
CrB ceramic binder (Fig. 5). In composite obtained without
MA, the grain size is equal to 2 um. After the procedure of
MA, we observe the formation of ZrB, grains of needle-like
shape up to 50 um in length. Good mutual wetting of borides
guarantees the realization of close contact between the CrB
ceramic binder and the ZrB, dispersed phase.
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CONCLUSIONS

We study the influence of mechanical activation of heter-
ogeneous mixtures of Zr and Cr powders on the formation of
microstructure of ZrB,—CrB ceramic composites obtained by
the ETE method under pressure. It is shown that the MA of
the mixture leads to the formation of a finely divided com-
posite with a more homogeneous microstructure and nee-
dle-like grains. We experimentally studied the regularities of
ETE for a mixture of Zr, Cr, and B powders. It was estab-
lished that the MA of the mixture makes the time of pre-ex-
plosion heating three times smaller than the time of pre-ex-
plosion heating of nonactivated mixture.

We also studied the phase composition of the products of
ETE of Zr, Cr, and B powders. It was shown that the
exothermal reaction leads to the complete transformation of
the source reagents into the ZrB, and CrB refractory com-
pounds.

The present work was financially supported by the Rus-
sian Foundation for Fundamental Research (Grant
17-58-04081 Bel mol a) and performed with the use of
equipment of the Distributed Center of Collective Use
(RTSKP) ISMAN.
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