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Mechanochemically assisted preparation of NbB2 powder
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Abstract

A powder mixture of Nb-B (1:2) was milled using milling media of different sizes in a planetary ball mill, and NbB2 was mechanochemically
prepared. When the mixture was milled with 5 mm diameter balls, NbB2 started to form in 20 h and the single phase NbB2 was obtained in
50 h. The time required for the NbB2 formation and the single phase decreased with the increase in the ball size. The lattice parameters of the
NbB2 obtained werea = 0.3112 nm,c = 0.3276 nm. The average particle size of the NbB2 powder obtained by milling with the 5 and 9 mm
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iameter balls for 50 h was approximately 370 nm.
2005 Elsevier Ltd. All rights reserved.
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. Introduction

Six types of binary niobium borides Nb3B2, NbB, Nb5B6,
b3B4, NbB2

1 and Nb2B3
2 have been reported. The diboride

bB2 (AlB2 type, Hexagonal) have high melting point, high
ardness, high electric conductivity3 and superconductivity.4

NbB2 has the potential for structural applications which
equire high temperature strength under severe conditions. In
ddition, it is reported that the NbB2–CrB2 composite has a
igh hardness and oxidation resistance.5

Many processes are available for the production of NbB2
uch as the solid-state reaction method,6,7 the thermal reduc-
ion of the oxide with boron,8 the arc melting method,9

he chemical vapor deposition method10 and the molten
etallic solution method.11 Mechanochemical approaches

o prepare high melting point compounds such as MoB2,12

rB2,13,14 TiB2,15–17 TiN17 and TiC17 were recently pro-
osed which involves the ball-milling of an elemental pow-
er mixture without external heat application. Morris and
orris14 reported the formation and amorphization of the

chromium borides and niobium borides by the ball milling
the elemental powder mixtures.

In this study, a powder mixture of Nb-B (1:2) was mil
using different sizes milling balls in a planetary ball m
and the effect of the ball size on the preparation of NbB2 was
examined.

2. Experimental

Metal niobium powder (99.9%, 45�m) and amorphou
boron powder (96.4%, 0.8�m) were used as the starti
material. A powder mixture of niobium and amorphous bo
in 1:2 atomic ratio was milled using a planetary ball m
(Fritsch, Pulverisette 6) for 5–50 h at 600 rpm. For the mill
balls with diameters of 5, 9 or 16 mm were used and the e
of the ball size on the preparation of the NbB2 was examined
We used a stainless steel vial and milling media. The ba
powder weight ratio was 20:1. The powder mixture and
balls were placed in a vial in a glovebox filled with argon g
The as-milled powder was characterized by X-ray diffrac
∗ Corresponding author. Tel.: +81 46 242 9528; fax: +81 46 242 3000.
E-mail address: iizumi@nano.t-kougei.ac.jp (K. Iizumi).

(Rigaku, rint 2500 V, 40 kV, 300 mA) with Cu K�1 which was
monochromatized by a fully automatic monochrometer.
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The obtained NbB2 powder was characterized by a light-
scattering instrument (Coulter, LS-230) for the average par-
ticle size analysis and the X-ray line broadening method was
employed for the crystallite size measurement.

3. Results and discussion

3.1. Formation of NbB2

The X-ray diffraction patterns of the product obtained by
milling the powder mixture of Nb-B (1:2) using 5 mm diam-
eter balls is shown inFig. 1. Boron was not detected in the
starting powder mixture. Only the X-ray diffraction peaks of
niobium were observed in the milling for 5 h, but the peaks
shifted to lower angles. The main peak of niobium (1 1 0) was
separated into two parts, indicating a small diffraction peak
on the lower angle side, and a similar separation was observed
for the other peaks as well. It is postulated that this is due to
boron dissolving in the niobium and the Nb-B solid solution
was formed. After 5 h of milling, the lattice parameter of nio-
bium wasa = 0.3312 nm. This value is approximately 0.2%
greater than that of niobium.18 The increase in the lattice
parameter indicates the diffusion of boron into the niobium.
For the 10 h milling, the diffraction peaks of niobium became
b rma-
t ad
p
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Fig. 2. X-ray diffraction patterns of Nb-B (1:2) mixture milled for (a) 5 h,
(b) 10 h, (c) 30 h and (d) 40 h. Diameter of ball: 9 mm, (�) Nb and (©)
NbB2.

the peaks of niobium disappeared and a single phase of NbB2
was formed. The peaks of the formed NbB2 were broad and
the obtained NbB2 powder can be estimated to have fine crys-
tallites.

The X-ray diffraction patterns of the product obtained by
milling the powder mixture of Nb-B (1:2) using 9 mm diam-
eter balls are shown inFig. 2. After the milling for 5 h, only
the peaks of niobium were observed,which tended to be
separated similar to the case of milling with 5 mm diame-
ter balls. After the milling for 10 h, the intensity of niobium
peaks decreased and very weak NbB2 peaks were observed.
After the milling for over 30 h, a single phase of NbB2 was
formed.

The X-ray diffraction patterns of the product obtained by
milling the powder mixture of Nb-B (1:2) using 16 mm diam-
eter balls is shown inFig. 3. After the milling for 5 h, strong
niobium and very weak NbB2 peaks were observed, so it can
be suggested that NbB2 formation has begun. For the 10 h
milling, the intensity of the peaks of niobium decreased and
broad NbB2 peaks were observed. After the milling for over
20 h, a single phase of NbB2 was formed.

The relation between the ball size and the starting time
of the NbB2 formation is shown inTable 1. For the milling
with the 5, 9 and 16 mm balls, the starting time of the NbB2
formation was 20, 10 and 5 h, respectively. It can be seen that
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D e
road and the peaks shifted to a lower angle, but the fo
ion of NbB2 was not observed. By milling for 20 h, bro
eaks of NbB2 were observed, indicating that NbB2 started to

orm, but niobium and boron remained. For the 50 h mill

ig. 1. X-ray diffraction patterns of Nb-B (1:2) mixture milled for (a) 0
b) 5 h, (c) 10 h, (d) 20 h and (e) 50 h. Diameter of ball: 5 mm, (�) Nb and

©) NbB2.

1

able 1
elation between the time required for formation of the NbB2 and the siz
f balls

iameter of ball (mm) NbB2 formation (h) Formation of singl
phase (h)

5 20 50
9 10 30
6 5 20
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Fig. 3. X-ray diffraction patterns of Nb-B (1:2) mixture milled for (a) 5 h,
(b) 10 h, (c) 20 h and (d) 40 h. Diameter of balls: 16 mm, (�) Nb and (©)
NbB2.

the larger the balls used, the earlier the starting time of the
NbB2 formation.

In addition, as the ball size increased, the time required
for the formation of the single phase NbB2 become shorter.
In the mechanochemical process, the solid-state reaction is
accelerated by applying a mechanical energy to the pow-
der through milling of the powder mixture. The mechanical
energy applied to the powder by the impact is greater as the
ball size increase. The solid-state reaction is accelerated and
the required formation time is supposed to be shortened.

3.2. Lattice parameter and particle size

The lattice parameter of NbB2 obtained by milling
the powder mixture of Nb-B (1:2) for 50 h with
balls of 5, 9 and 16 mm diameter werea = 0.3103 nm,
c = 0.3286 nm;a = 0.3095 nm,c = 0.3279 nm;a = 0.3114 nm,
c = 0.3250 nm. The lattice parameters of NbB2 after
50 h of milling, which was annealed at 1000◦C in
an argon atmosphere for 1 h, was independent on the
ball size, a = 0.3112 nm, c = 0.3276 nm. Brewer et al.6

reported the lattice parameters ofa = 0.3110± 0.0002 nm,
c = 0.3264± 0.0002 nm for NbB2 prepared by the solid-
state reaction. Okada et al.11 reported the lattice parame-
ters of NbB2 single crystal prepared by the aluminum flux
m
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Table 2
Average particle size and crystallite size of NbB2 powder obtained by 50 h
milling

Diameter of ball (mm) Average particle
size (nm)

Crystallite size
(nm)

5 370 6.1
9 370 6.2

16 980 5.9

had the average particle size of approximately 370 nm, and
a crystallite size of approximately 6.1–6.2 nm. On the other
hand, the average particle size of the NbB2 powder milled
with the 16 mm diameter balls was approximately 980 nm.
When a certain weight of balls are used, it is considered that
the number of contact points between the balls and the powder
may increase as the ball size decreases, so a finer powder
could be obtained.

4. Summary

A powder mixture of Nb-B (1:2) was milled with balls of
5, 9 or 16 mm diameter, and the effect of the ball size on the
preparation of NbB2 was examined.

When milled with balls of 5, 9 and 16 mm diameters,
the starting time of the NbB2 formation was 20, 10 and 5 h,
respectively, and the single phase of NbB2 was obtained in
50, 30 and 20 h, respectively.

The lattice parameters of the obtained NbB2 were
a = 0.3112 nm,c = 0.3276 nm, which is in good agreement
with that of previously reported. A very fine NbB2 pow-
der with the average particle size of approximately 370 nm
and crystallite size of approximately 6.2 nm was obtained by
milling with balls of 5 and 9 mm diameters for 50 h.

Although the time required for the formation of NbB
i
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ethod; a = 0.3110± 0.0001 nm, c = 0.3284± 0.0002 nm
nda = 0.3102± 0.0001 nm,c = 0.3321± 0.0002 nm for th
hemical compositions of NbB1.90and NbB1.96, respectively
he lattice parameter of NbB2 obtained in this study are
ood agreement with those previously reported.

The average particle and the crystallite size of the N2
owder obtained by milling the powder mixture of Nb-B (1

or 50 h are shown inTable 2. A very fine NbB2 powder was
btained by milling with 5 and 9 mm diameter balls, wh
2
s longer as the ball size decreases, a finer NbB2 powder is
btained.
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