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Tantalum boride crystals have been prepared from high temperature aluminium solution using tantalum and

boron powders as starting materials in an argon atmosphere.

The growth conditions for obtaining relatively large

crystals of TasBs in a pure form containing no extra phases were established. The optimum growth conditions for
growing TasBy single crystals are the following: Atomic ratios of starting materials B/ Ta=1.33 and Al/Ta=16.77,

soaking temperature 1650 °C, soaking time 5 h and cooling rate 25°Ch-1.
The largest crystals prepared have dimensions of about 0.37

grey color, metallic cluster, and a trapezoidal shape.

The single crystals of TasB4 display a

mmX0.37 mmX0.40 mm. The crystals are orthorhombic with space group Immm and unit cell dimensions
a=3.2914(8), b=13.994(3), c=3.1327(6) A, and V=144.29(8) A3. The X-ray density is 13.490(3) gcm3.

Tantalum borides have several unique chemical and
physical properties, which are high melting points,
chemical stabilitiy, high electrical and thermal conduc-
tivity, high hardness and high mechanical stiffness.V
In the tantalum-boron system, the intermediate phases
TasB, TasBg, TaB, TasBs, TasBs, and TaBs have been
reported.2=¥ Recently we have prepared single crystals
of TaB, TaBg, and TasBe from high temperature alumi-
nium solutions using tantalum metal and crystalline
boron powders as starting materials in an argon atmos-
phere.3=5 However, growth of TasB4 single crystals by
the high temperature solution method has not been
reported. In the present work, which is the first crystal
growth study of TasBs, we report the optimum condi-
tions for obtaining relatively large single crystals of
TasBy in a pure form, containing no extra phase.

Experimental

The starting materials were tantalum metal powders (parti-
cle size, —325 mesh; purity, 99.9%, H. C. Starck, Goslar),
crystalline boron powders (particle size, —115 mesh; purity,
99.5%, H. C. Starck, Goslar), and freshly prepared aluminium
metal chips (purity, 99.995%, Granges-Essem, Finspong,
Sweden). Mixtures of these materials in various atomic
ratios (B/Ta=1.20—1.40, Al/Ta=3.35—201.20) were placed
in an alumina crucible (purity, 99.8%). The amount of tanta-
lum in the starting material was fixed at 2.0 g throughout all
the experiments. The synthesis of crystals was carried out in
a tantalum element resistance furnace. The temperature of
the furnace was increased at a rate of 300°Ch-! up to a
temperature of 1650°C in an argon atmosphere. Subse-
quently, the speciment was kept at this temperature for 5 h,
cooled to 1000 °C at a rate of 25°Ch~! and then cooled slowly
to room temperature. After solidification, the crystals and
matrix were separated by dissolving the excess matrix metal in
6 moldm—23 hydrochloric acid. The experimental conditions
for each run as well as the crystalline phases obtained are
presented in Table 1. Phase analysis and determination of
the unit cell dimensions were carried out using an XDC-1000
Guinier-Hégg foucusing X-ray powder diffraction camera

Table 1. Growth Conditions of TasBs Crystals from Molten
Aluminium Solution, Soaked at 1650 °C for 5 h

Composition of starting

material (atomic ratio) Phases identified

Ta B Al

1 1.20 100.60 TasBs, TasBes, TaB

1 1.25 100.60 TasB4, TasBs, TaB

1 1.30 100.60 TasBs, TasBs, TaB, TaB:
1 1.33 100.60 TasB4, TasBs, TaB:

1 1.35 100.60 TasBs, TaBsz, TasBs

1 1.40 100.60 TasB4, TaB2, TasBs

1 1.33 3.35 TasB4

1 1.33 8.38 TasB4

1 1.33 16.77 TasB4

1 1.33 50.30 TasBs, TasBs, TaB:

1 1.33 100.60 TasB4, TasBs, TaB2

1 1.33 201.20 TasBs, TasBs, TaBs, TaB

Tantalum metal powders: 2.00 g, Crystalline boron
powders: 0.144—0.168 g, Aluminium chips: 1.0—60.0 g.

with strictly monochromatic Cu Ke: radiation (wavelength
1=1.5405982 A) and semiconductor grade silicon powders
(purity, 99.9999%) as internal calibration standard.® Some
crystals were examined to collect data for crystal plane orien-
tations and space group determination using osicillation and
Weissenberg cameras, and a four-circle type automatic diffrac-
tometer (Rigaku Denki Co., Ltd.) with graphite-mono-
chromatized Mo Ka radiation (wavelength 4=0.710678 A).
The crystal morpholgy was examined by a stereomicroscope
and a scanning electron microscope (SEM)(JEOL, JSM-840).
The impurities of the crystals were examined using electron
probe microanalyzer (EPMA)(JEOL, JSM-35C).

Results and Discussion

The experiments were initially performed under con-
stant conditions of an atomic ratio Al/ Ta=100.60, heat-
ing rate 300°Ch-!, soaking temperature 1650 °C, and
soaking time 5 h, the atomic ratio B/ Ta in the starting
materials being varied from 1.20 to 1.40. The results of
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the phase analysis are listed in Table 1. As seen from
Table 1, TaB, TasBs, TasBs, and TaBs; crystals were formed.
The variation of the atomic ratios of the starting mate-
rials B/Ta gave different product phases. With
increased boron concentration, tantalum borides of
more boron-rich phases were formed. The four tanta-
lum borides TaB, TasBs, TasB4, and TaBs were obtained
in varying proportions depending on the atomic ratios
of starting materials, while crystals of TagB, TasBs,
Ale, AlBlo, a-AlBlz, B-Alez, 'y-Ale, and Ta5A13Bx2>
were not detected by X-ray diffraction. The desired
TasBy crystals were generally obtained together with 2—
3 other phases for most atomic ratios B/Ta used.
However, the relative X-ray intensities of the formed
TasBs became remarkably large for B/Ta=1.33, Al/
Ta=3.35—16.77, and no other was then detected. The
most favorable B/Ta ratio for obtaining TasBy is thus
1.33.

Based on the above results, the synthesis conditions of
TasBy crystals were studied by varying the amounts of
aluminium flux in the starting material. The B/Ta
ratio and soaking temperature were kept constant at
1.33 and 1650 °C, respectively. When using mixtures of
the Al/Ta=3.35 to 16.77, the TasB, phase forms without
being accompanied by any other crystalline phases.
Furthermore, the TasBs crystals were obtained as a
phase mixture together with crystals of TasBs and TaBs
or TaB for Al/Ta=50.30 to 201.20. However, from
starting materials containing a very small amount of
aluminium (Al/Ta 8.38), only small TasBs crystals
were obtained. From the results thus far described, it
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is concluded that the optimum conditions for growing
TazBy single crystals by using the aluminium solution
method are the atomic ratios of the starting materials:
B/Ta=1.33 and Al/Ta=16.77, respectively.

The single crystals of TasBs were enclosed by two
large {010} faces, two small {100} and two small {061}
faces, so that the {100} planes exhabit a trapezoidal
shape. The large crystals prepared in the present work
attained maximum dimensions of about 0. 37 mmX0.37
mmX0.40 mm. A SEM photograph of the single crys-
tals having the typical crystal form is shown in Fig. I.
TasB4 crystals had a grey color and metallic luster.
Aluminium is occasionally present in the voids as an
inclusion. In addition to the aluminium metal, only
traces of Ca, Si, and Fe ions were detected. The unit
cell dimensions of TasB4 single crystals in Table 2 were
obtained from Guinier-Hédgg X-ray powder diffraction
films.” The unit cell dimensions of TasBs crystals
obtained in the present experiment closely agreed with

Table 2. Crystal Data of TasB4 Single Crystal

Formula unit TasB4
Crystal system Orthorhombic
alA 3.2914(8)
b/A 13.994(3)
c/A 3.1327(6)
VA3 144.29(8)
Space group Immm
dx—ray/ gcm=3 13.490(3)

2

Fig. 1. Scanning electron microphotograph of TasBs single crystals.
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Table 3. Powder X-Ray Diffraction Data of TasB,

h k 1 dcalcd dobsd (I / I l)calcd (I / Il)obsd h k 1 dcalcd dabsd (I / I l)calcd (1 / Il)obsd
0 2 0 6.997 6.985 7.7 9.1 1 1 2 1.407 1.407 13.7 30.6
0 4 0 3.499 3.498 9.6 13.9 1 9 0 1.406 — 0.1 —
1 1 0 3.204 3.203 59.2 64.9 0 10 0 1.399 1.399 59 13.2
0 1 1 3.057 3.055 0.7 0.1 0 9 1 1.393 1.392 9.3 11.2
1 3 0 2.689 2.689 9.5 18.9 2 3 1 1.391 1.391 37.2 50.5
0 3 1 2.601 2.600 100.0 100.07 1 8 1 1.385 1.385 39.5 65.4
0 6 0 2.332 2.332 29.7 36.5 1 3 2 1.354 1.353 3.1 9.3
1 0 1 2.269 2.269 9.2 16.9 2 6 0 1.345 1.345 13.5 31.1
1 2 1 2.159 2.159 97.2 84.8 0 6 2 1.300 1.300 12.6 32.6
1 5 0 2.132 2.132 64.4 73.6 2 5 1 1.292 1.292 2.7 6.1
0 5 1 2.087 2.086 4.7 14.8 1 5 2 1.262 1.262 329 64.2
1 4 1 1.904 1.904 14.5 31.2 2 8 0 1.199 1.199 1.9 4.8
0 8 0 1.749 1.750 23 4.8 1 10 1 1.191 — 0.3 —
1 7 0 1.709 1.709 0.5 2.6 1 11 0 1.187 1.187 16.4 37.1
0 7 1 1.685 1.685 13.3 21.7 0 11 1 1.179 — 1.7 —
2 0 0 1.646 1.646 18.7 31.3 2 7 1 1.177 1.178 12.0 32.6
1 6 1 1.626 1.627 2.5 7.5 0 8 2 1.167 — 1.9 —
2 2 0 1.602 1.602 0.4 3.1 0 12 0 1.166 1.166 1.2 111
0 0 2 1.566 1.566 16.4 334 1 7 2 1.155 1.155 0.5 0.8
0 2 2 1.529 1.528 0.4 0.1 2 0 2 1.135 1.135 17.8 334
2 4 0 1.489 1.489 2.1 5.2

2 1 1 1.449 — 0.2 —

0 4 2 1.430 1.429 1.9 6.0

a) Probably this line is underestimated due to too strong exposure.
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