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Abstract

A new type of metal matrix composite (MMC) with light-weight reinforcements from 10 types of boron-hydrogen compounds was prepared
using the method of mechanical alloying. The boron-hydrogen compounds had a decomposition temperature higher than 500 °C and a density of
1.3-2.5 g/cm?. The initial size of particles was 50-500 wm. Aluminum and copper were used as the matrix materials. The reinforcements were
20-40vol. % of the MMC. Mechanical alloying followed by compaction can yield a good-quality bulk material of reduced density.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Reducing weight while preserving strength of materials is an
important issue, as it allows for saving on energy costs. This is
especially obvious in the automotive industry.

We developed a new composite material using boron—
hydrogen or boron—halogen compounds [1,2] as reinforcing par-
ticles (density, 1.3 g/em® up to 2.5 g/em®). A boron compound
is a tetrahydro- or tetrahalogen—borate anion of the general for-
mula Cat;B,, X;,,, where Cat is a metal cation or onium cation, B
is boron, X is hydrogen or halogen, n=10-12, m=10-12, at m
not greater than n. We studied the compounds whose decompo-
sition temperature is higher than 500 °C.

2. Experimental procedure

Aluminum or copper was used for the matrix. The boron com-
pounds were as follows: Cs;BjoHjg, [MeasNH»]2B1oHjg, [Ph4PloBioH;0,
[EGNH]B1oClig,  Cs:Bi2Hiz,  [EgNH]B12Hpz,  [BusNH]2BioHyo,
[BugN]2B12Hi2, [PhsP]oB12Hi2 and ((CoHs);NH)[CuBioHjo].
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Composite materials were produced by mechanical alloying in a Gefest-
11-3 planetary mill equipped with drums with quasi-cylindrical milling bodies.
Energy efficiency of this mill reaches 10 kW/dm and exceeds that of gravitation
ball mills by 2 or 3 orders of magnitude. The impact of large inertial forces on
the milling bodies and treated material considerably reduces the milling time.

As the drums in this mill are intensively cooled and lubricated with flow-
ing water, activation of processed material is considerably increased due to the
slowdown of the recovery processes and inhibition of phase transformations.

Initial material for the matrix was chip scrap preliminarily ground for
2 min. The size of powders of the matrix alloys after preliminary grinding was
0.5-3 mm.

After preliminary grinding, portions of ground powders were prepared (160 g
per drum) to produce dispersion-strengthened composite material. The portions
were annealed in a vacuum drying chamber at a temperature of 110 °C to remove
moisture. The reinforcing particles made up 10 to 20 vol. %.

Material was treated in a planetary mill in an argon atmosphere. For this
treatment, the drums were pre-evacuated for 30 min to rule out the oxidation,
and were filled with argon on a specially designed setup. The times of
treatment of the powder mixtures in the planetary mill varied from 30 to
120 min.

Granules produced by mechanical alloying were compacted on a 40-tonne
press, followed by heat treatment in a vacuum furnace.

3. Results and discussion

Material was studied both in the initial state and at all stages
of treatment. The appearance of boron compounds is shown in


mailto:vpopov@misis.ru
mailto:zhizhin@igic.ras.ru
dx.doi.org/10.1016/j.jallcom.2006.08.099

452 V.A. Popov et al. / Journal of Alloys and Compounds 434—435 (2007) 451—454

Fig. 1. Appearance of the boron COl’npOlllldS used: (a) CSzBloHlo, (b) [MezNHz]zBmH]o, (C) [Ph4P]2B10H10, (d) [EI3NH]2B10C110, (e) CSzBlelz, and (f)

[EtzNH]2B12Hjs.

Fig. 1. Fig. 2 shows the shape of the appearance of the particles
under a transmission electron microscope and presents charac-
teristic electron diffraction patterns.

The figures show that the shape and size of boron compounds
can be the most diverse, but they have one characteristic in
common. All large crystals are not monolythic material, but
consist of smaller particles. These fine particles were studied on
a Nanoscan scanning probe microscope-nanoindenter to deter-
mine the properties of a particle on the nanoscale level [3].
The scanning window was 4.9 pm x 4.9 pm x 0.3 pm. Fig. 3
presents the testing results. It is seen that even fine particles are
not homogeneous, and look rather like agglomerates of even
finer particles.

To choose the mechanical alloying modes, one should know
the hardness indices of the initial materials. The hardness of the
initial materials was measured on a Nanoscan scanning probe
microscope-indenter. The hardness of boron compounds was

lower than that of the metal components. There is information
in the literature on the mechanical alloying of materials with
significant difference in the hardness of processed components
[4].

Mechanical alloying was performed in accordance with the
above method. The granules obtained were studied using a scan-
ning microscope. The appearance of the granules is shown in
Fig. 4. After their treatment in a planetary mill, the granules can
have different shapes. Incorporation of boron compounds into
the metal is made difficult owing to the fact that the hardness
of the boron compound is smaller than that of the metal used.
For better mixing, metal particles were used as chips but not as
spherical particles. During the milling, the chips are commin-
uted and bent. In the process, particles of a boron compound
get into the metal. However, in mill treatment up to 120 min, a
large amount of the boron compound still remains on the surface
of the metal particles. This complicates the process of com-
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Fig. 2. Structure of the boron-hydrogen using a transmission microscope. (a) and (b) Appearance of particles of the boron-hydrogen compounds; (c) and (d)
characteristic electron diffraction patterns. (a) Cs;B1oHjo, (b) CsaB2Hj2, (¢) [PhaP]2B12Hi2, and (d) [BugN]>2B12Hjs.

paction. Attempts at compacting the granules by cold pressing Addition of some amount of powder from the matrix material
gave no positive results. Therefore, further studies were con- and the use of special tools to increase the shearing deformations
ducted with the view of: (1) improving the compaction process yielded a compacted material.

and (2) improving the mechanical alloying process in planetary On the other hand, addition of some amount of hard parti-
mills. cles of boron carbide or silicon carbide enabled a much better

(@)

Fig. 3. Scanning a boron-compound particle on a Nanoscan setup: (a) surface relief and (b) elasticity modulus map. The scanning window is
49 pum x 4.9 pm x 0.3 pm.
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Fig. 4. Appearance of granules after mechanical alloying.

mixing of the composite components. This also contributed to References
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