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ABSTRACT

For unique complex of physical-mechanical propertics, boron carbide B,C is known as a hard

A publication of the material with diversity of industrial applications. Further widening of s field of uses is hampered by

relatively low impact strength, brittlencss, unsteadiness against thermal shock, cte. characteristic of boron

International Academy of Energy, Minerals & Materials carbide. These disadvantages can be overcame by introducing some of ceramic or / and metallic
nanoadditives into a nanostructured boron carbide matrix. Here is given a short review of recently

PO Box 62047, Convent Glen proposed by the authors technologics of synthesising boron carbide based nanocomposite materials with

Ottawa, Ontario, K1C7H3 mproved mechanical properties

http://iaemm.com KEYWORDS: Milling, Chemical Synthesis, Hot Pressing. Reactive SPS, Boron Carbide,

Nanocomposite, Mechanical Properties

1 INTRODUCTION

Boron carbide with approximate chemical formula B,C possessing an unique combination of
mechanical properties such as high elastic modulus, ballistic resistance, and strength-to-density ratio, as
well as heightened wear resistance in extreme conditions, serves for a hard material with diversity of

ISBN: 978-1-77835-030-6 industrial applications. However. products and goods made from boron carbide cannot be used in some of

important ficlds of engineering requiring structural materials, in which high strength and wear-resistance

Printed in Canada coexist with good impact strength, thermal conductivity, and dimensional stcadiness. The reason s related

Copyright © 2021 o relative low brittleness and resistance to crack formation characteristic of boron carbide.
) As boron carbide fragility is relatively high it cannot stand both mechanical and thermal impacts.
1y But, fracture toughness is a basic parameter for siructural materials working in extreme conditions (as
TN
119 bearings. ballistic armour pltes, planetary mill medlia. parts of nuclear engines, etc.). This is a reason why

the research of boron carbide based materials mostly is directed to the improvement their fracture
toughness. Generally. precipitation strengthening is used to increase their crack resistance. In particular,
1o overcome above disadvantage of pure boron carbide it has been proposed a number composite

Al ights reserved ‘materials eomprised high-modulus boron carbide matrix with relatively low-modulus binder phases. They
This publicati ot be reproduced in whole or i are expected to have heightened impact strength and thermal conductivity in parallel with mainly retzined
[0 publcation may not b reproduced n whole orin part unique physical-chemical and mechanical 1 of boron carbide, if all the components

¥ in any form or
Without the permission from the publisher 1
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Abstract. The ultra-dispersive powders of pre-ceramic precursors for boron carbide based
composites were obtained by relatively low-temperature (at 200 — 1000 °C) synthesis from liquid
charges containing available compounds such as salts and oxides. Boron carbide matrix ceramics
wete compacted by their reactive spark plasma sintering (SPS) at 1500 — 1700 °C. It is noted that
the X-ray diffraction (XRD) peaks corresponding (m)ZrO, and WC phases presented in the
synthetic pre-ceramic precursors disappear after the SPS is conducted at 1500 °C. It is established
that the addition of tungsten and cobalt compounds promotes both the low-temperature synthesis of
ceramic components and sintering processes of their powders. Energy dispersive X-ray (EDX)
analysis showed that the ceramics contain a small amount of Co (0.8 — 2 wt.%). The density of
samples of cobalt-containing ceramics B4C—ZrB:-W2Bs—Co is higher compared to that of cobalt-
free ceramics ByC—ZrB,~W,Bs.

Introduction

The majority of ceramic products are made by high of mul
ceramic powders or by reactive hot-pressing, which are energy- and time-consuming processes.
Unlike these traditional methods, the spark plasma sintering (SPS) allows the ceramic material to be
obtained in a short time (S — 15 min) and, most importanily, avoid sharp increase in the initial grain
size. The SPS cquipment usually used is described c.g. in reports [1 — 4], including some of our
previous works,

One of the most successfully and frequently used ceramic material is boron carbide BaC, which

has a number of unique properties. However, lo satisfy growing requirements of modemn
technologies some of boron carbide performance characteristics — bend strength, hardness, crack
resistance, sintering ability, electrical conductivity, cte. — still need improvement and then it
remains as a problem. Recent works proved that an effective way to solve this problem is addition
to B4C different metal borides, metals, oxides, carbides, etc. This technique, in particular, was used
to obtain the boron carbide—titanium diboride B«C—TiBs type composites by the SPS [3 — 8]

Boron carbide matrix ceramic powders are usually made via mixing commercial powders,
followed with their mechanical-chemical activation (during grinding) and subsequent sintering with
or without pressure at high temperatures [9 — 12]

At the SPS, there occurs a simultancous reaction between components, obtaining pre-ceramic
ecessary for the ceramic compounds formatien and also the target ceramic material. By
and SPS methods it is possible to obtain boron carbide matrix ceramics of different
s. In [13], there was presented fabrication of only those ceramic composites which in

compos
parallel with boron carbide contain titanium, zirconium and tungsten borides, mainly three- and
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