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Abstract

Praseodymium hexaboride, uncontaminated by other boride phases, has been quantitatively synthesized in a short time, at the very higl
temperatures obtainable by electron beam bombardment. The synthesis is carried out in va&xa6i { mbar) and, after a short
annealing, the product is obtained as pure phase which does not require further purification.
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1. Introduction [5], electrolysis of molten mixtures of lanthanide oxides
with boron oxide [6] and high pressure-high temperature
synthesis from metal oxides and boron [7].
Each of the above methods has some disadvantages. The
reaction of metals or their oxides with elemental boron (or

with boron oxide and carbon) is slow (to reach completion

Light lanthanide (La> Sm) hexaborides represent a class
of compounds with some technologically interesting prop-
erties. They have metallic resistivities (70~ ° Q-cm for
LaB;) and low values of the work function-8 eV). In

fact, LaB, is extensively used in thermoionic emitters. The
hardness of these hexaborides is high (2620 kg/mnf

for LaBg) comparable with the hardness of materials such
as tungsten carbide WC (3000 kg/hm ) and zirconium
carbide ZrC (2600 kg/mf ). Also their melting points are
very high (>2500°C). They are unaffected by moisture
and non-oxidizing acids (unlike carbides or nitrides) and
they are very resistant to oxidation even at high tempera-
tures because of the formation on the surface of a thin
protective film consisting of B © and Ln(BO;) (Ln:
lanthanide) [1]. They melt and evaporate congruently [2].
This makes it possible to evaporate them by thermal
methods (as e-beam evaporation). Thin films of lanthanide

hexaborides are used for decorative purposes because of

their beautiful colors [3].

Several methods have been adopted for their synthesis:

direct combination of the elements [4], borothermic reduc-
tion of lanthanide oxides, carbothermic reduction of metal

it requires more than 10 h, and in some cases, days). The

carbothermic method also causes contamination of the

product with carbon and carbon compounds. The solution
method causes contamination by aluminium and alumin-

ium boride. The molten salts electrolysis method leads to a
mixture of borides which is difficult to separate and purify.

The high pressure-high temperature synthesis is carried out
by a substoichiometric amount of boron and the reaction
product needs to be treated with HCI to remove unreacted

lanthanide oxide and metal. The method we report in this

paper allows a relatively rapid synthesis the product of

which is a simple pure phase of a crystalline light
lanthanide boride. The synthesig of PrB is shown as an
example. A further advantage of the proposed method i

that it consists of a single step—only one deposition

method where the final product should be a thin film.

oxide and boron oxide in a high temperature furnace 2. Experimental

(1500-1800C), solution method in molten aluminium
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Crystalline boron pieces (Aldrich, 99.7% pure) were
ground in a stainless steel mortar and then mixed with a
stoichiometric amount of praseodymium oxide Py, O
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powder (Aldrich, 99.9% pure), according to the reaction:
PryO,, (s)+ 47B(S)- 6PrB,(s)+ 11BO(g)

The mixture was thoroughly ground for 10 min with the
addition of some milliliters of dry diethyl ether. The
mixture was transferred into a boron nitride crucible which

was then positioned into a water cooled electron beam gun.
(Ferrotec mod. EV1-8, Germany). The e-beam gun is
positioned into a stainless steel vacuum chamber evacuate
by a turbo pump. The vacuum system was switched on

and, after a few minutes, the working pressure &f1® >

mbar was reached. Then the electron beam bombardment
system was activated. The accelerating voltage used during

the experiment was-3.5 kV. Initially, for 510 min, the

powder was outgassed with a 1-mA large spot; then, the
emission current was gradually increased to reach 150 mA - Wkl
and this treatment continued for 30 min. Subsequently, the
reactants were melted with a 100-130-mA point shape
spot. The time necessary to melt the reactants was a few
minutes. Irradiation was then stopped, the chamber vented
with N,, and the reactants remixed. The whole procedure

was repeated three times.
After the last treatment, the reaction product, which

appears as beautiful brilliant electric blue fused lumps, was
ground and a sample was taken for a first XRD analysis;
the rest of the powder was annealed using e-beam bom-
bardment for 1 h (large spot, 100—130 mA). After anneal-
ing, another XRD analysis was carried out. It is important

to point out that it is necessary to avoid melting of the

reactants from the beginning because the evolution of

the reaction and elimination of the phases thermody-
namically less stable by their decomposition. XRD patterns
support these arguments. The pattern in Fig. 1A corre-
sponds to the sample taken before annealing. It shows that
the PrB, phase has well been formed and is crystalline,
even if there are still some weak peaks which do not
belong to this compound (see insert in Fig. 1A). However,
in the pattern shown in Fig. 1B, corresponding to the
é;mnealed sample, these peaks have disappeared (insert Fig.
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gaseous BO can become explosive with large losses of

material.
XRD analysis was performed by a Philips X'Pert
powder diffractometer using Cudg radiation.

Peak positions and lattice parameters were calculated by

the bundled software.

3. Results and discussion

Remixing of the reactants is necessary because the
bottom and the walls of the crucible, which are in contact

with the body of the gun, are cold. No interaction was

observed between the crucible and the reaction product.
Electron beam bombardment permits extremely high tem-
peratures to be reached and thus it is possible to overcome —
problems due to solid state diffusion barriers which can be

the rate limiting step in this type of reaction. This method

allows the synthesis in a relatively short time (4-5 h total
work, including the time necessary for evacuating and
venting the chamber) of refractory materials such as
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carbides and borides which are suitable for preparation in Fig. 1. (A) X-ray diffraction pattern of PrB before annealing. Magnifica-

vacuum unlike nitrides or oxides. The possibility of

tion is given in the insert. The black arrows indicate weak peaks that are
not assignable to PtB . (B) X-ray diffraction pattern of RrB after

atta'ir?ing high temperatures, together with control of the annealing. Magnification is given in the insert. The weak peaks not
position and shape of the beam, allows the completeness ofssignable to Prg have disappeared.
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Table 1 e The methodology can be extended to many other
X-ray diffraction data of Prg refractory compounds such as transition metals and
hid 201° exp. d/A exp. d/A (Ref. [8]) lanthanide metals borides and carbides.
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