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Materials purification by treatment with hydrogen-based plasma

Description

The present invention relates to a purification method for removing oxygen

from materials.

Oxygen contamination of material represents a problem for a wide range of
raw materials in science and industry. Removal or depleting of oxygen
contamination often represent a problem or a task which can be overcome
only heavily and under big efforts. These problems often are amplified by the
essential character of oxygen impurities which are caused by absorption
and/or reaction of raw materials with naturally abandoned O.. Due to the
presence of oxygen in air oxygen contaminations are practically all-
pervasive. In addition to this, the removal of oxygen contaminations is often
complicated by the formation of oxides of high stability.

Further common purification processes, e.g. based on the reduction of the
corresponding oxides often lead to contamination of the material by the used
reducing agent and/or to crucial microstructure changes.

On the other hand, the contamination of raw materials often prevent that the
materials can be used for the purpose intended.

Therefore, the task of the subject invention was to provide a purification
method for removing oxygen, in particular a procedure allowing to avoid a
thermal treatment or a treatment leaving a reducing agent within the

material.

According to the present invention this task was resolved by a purification
method for removing oxygen from material wherein a material, containing
oxygen impurities, is subjected to a treatment with hydrogen-based plasma.
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The procedure of the present invention consisting in the treatment with
hydrogen-based plasma generally can be applied for all materials in order to
remove impurities containing oxygen. Preferably a temperature stable
material is used, in particular a material which distinctly does not evaporate

at temperatures of < 600°C, more preferably of < 750°C, and most preferably

of < 950°C and which is not subject to any other degradation process.
Preferably the used materials are elements, in particular metals or non-
metallic elements. However, also compounds consisting of more than one
element can be purified by the present invention.

Especially preferred, the purification method of the invention is used for
removing oxygen from boron, in particular from amorphous boron. Oxygen
contamination of amorphous boron is especially difficult to remove and
represents a serious problem. Industrial routes for producing amorphous
boron usually include reduction of B;Os by a suitable reducing agent. With
such a treatment, an amorphous boron material is usually obtained in such a
treatment which contains up to 4 mass-% of oxygen. This hinders the
application of this material, e.g. for chemical preparations since in many
fields of application it is necessary that the amorphous boron oxygen used
is free or at least shows a minimally possible oxygen content.

Amorphous boron is often used for this purpose since it shows a
considerably higher chemical reactivity in chemical reactions compared to
crystalline boron. However, attempts to purify amorphous boron by any
kind of thermal treatment leading to boron oxide evaporation result in
crystallization of boron and thus the transformation of the amorphous boron
to the undesired crystalline form.

Different from boron oxide B,Os, metals can mostly be cleaned from their
oxides also in arbitrary stoves with hydrogen gas. For fine and reactive
powders, however, which usually contain the greatest oxide contamination,
these conventional cleaning methods lead to sintering of the fine powders.
On the other hand, in the microwave plasma furnace even finest metal
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powders can be cleaned completely from their oxides within few minutes and
without any changes of the particle size. Temperature control is made by
use of a sufficiently short pulsed plasma. The power of the microwave
furnace is always adjusted to the oxide properties and the grain size of the
metal.

According to the invention, it is possible to remove oxygen from the
materials, the materials keeping their original structure preferably in a
complete form, however at least for more than 90 wt.-%, more preferably for
more than 95 wt.-% of the material. According to the invention, amorphous
boron can be released from oxygen and the obtained product is an oxygen-
free boron or boron with reduced oxygen content whereas boron is still

amorphous.

Basically, all materials, which contain oxygen impurities, can be purified by
means of the process of the invention. Usually, materials are used as

starting materials which have > 1 wt.-%, in particular 2 4 wt-% and
preferably = 10 wt.-% of oxygen based on the total weight of the material.
The oxygen impurity can be present as oxygen in a distributed form or also
in a bonded form, especially in the form of oxides.

In the process of the invention it is possible to considerably reduce the
amount of oxygen, especially to a content of < 0.5 wt.%, more preferably to a
content of < 0.1 wt.%, preferably < 0.05 wt.%, and even more preferably <
0.01 wt.-% of oxygen based on the total weight of the material. The actual
content of oxygen which is achieved, depends on the respective treatment
conditions and can be adjusted by a skilled artisan depending on the desired

final value.

As shown in the Examples, it is for example possible with the process of the
invention to remove oxygen from amorphous boron up to a level of < 0,1
mass % which was not possible with methods known to date.
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According to the invention, the treatment of the starting material is effected
by a hydrogen-based plasma. Such a plasma advantageously contains 2 5
mass%, in particular 2 20 mass%, preferably 2 50 mass%, in particular =2 90
mass%, preferably = 99 mass% and more preferably = 99.5 mass% of
hydrogen, however, can also completely consist of hydrogen. For the
production of plasma a gas atmosphere containing hydrogen and, if
necessary, one or more inert gases having a desired pressure, is provided.
The pressure is advantageously 0.1 to 100, especially 1 to 20 bar. Especially
preferred, a pure hydrogen-based plasma or a plasma based on a mixture of
hydrogen and at least one inert gas is selected from argon and nitrogen. The
oxygen content in the plasma is preferably < 10 ppm, especially < 5 ppm,
more preferably < 1 ppm and most preferably < 0,6 ppm. Advantageously,
the oxygen content in the plasma is adjusted to 0.1 to 0.5 ppm. Further, the
water content in the plasma advantageously is < 10 ppm, especially < 5
ppm, more preferably < 1 ppm and more preferably < 0,1 ppm.

The treatment with the hydrogen-based plasma can be carried out
depending on the desired degree of removal of the oxygen for a variable
duration, usually the duration between 0.5 to 10 h, especially between 2 and
5 h and often between 3 and 3.5 h are favourable.

The plasma treatment is preferably performed at a temperature from 700°C
to 1,500°C, in particular from 800°C to 1,100°C. '

Preferably, the hydrogen plasma used according to the invention is a
microwave induced plasma. As a microwave radiation source an energy
source having 100 to 2,000 W, especially 500 to 1,000 W at 1 to 10 Ghz,
especially 2 to 3 Ghz can for example be used. H radicals and H" ions,
generated in a plasma, in particular in a microwave induced plasma are very
active so that in principal any kind of material can be purified by performing
the inventive procedure. Especially the H- radicals und H* ions are active
enough to remove oxygen from amorphous boron which purification was not
possible with methods of the state of the art so far by retaining the
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amorphous structure.

In a particular preferred embodiment oxygen is removed in the presence of
an oxygen getter. The use of an oxygen getter greatly enhances the
purification efficiency. While any oxygen getter material can be used
espcecially good results have been achieved with titanium.

While not be wished to be bound to a series it is believed that the successful
removing of oxygen according to the invention is promoted by the useage of
a non-equilibrium procedure.

The method according to the invention allows to perform a purification from
oxygen impurities without contaminating the material by any other agent. In
particular no reduction agents which might remain in the material are
needed. Further, no microstructure changes occur which means that the
structure of the raw material is the same as the microstructure of the treated
material. This allows for example to maintain amorphous boron and just
remove oxygen impurities without transforming the amorphous
microstructure into a crystalline microstructure.

The present invention is further elucidated by the following example.

Example 1

About 0.2 g of amorphous boron (99,999% with respect of metals, 4.05+0.21
mass.% of oxygen by ICP analysis) was put in a cleaned and annealed
alumina crucible, then located in a quartz ampoule together with an
additional crucible, containing an oxygen getter (e.g. titanium). All described
operations were performed in an argon-filled glove box with controlled
atmosphere (< 0.1 ppm H;O, 0.1 — 0.6 ppm O;). The ampoule was
evacuated, filled by the desired gas to the definite pressure and then sealed.
Filling gas composition was varied to find the best one for the purification.
Pure argon and nitrogen plasma treatment do not change the oxygen
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content. Ar/H, based plasma (5% vol. of H,) let to a reduction of oxygen
content. The best results were achieved using pure hydrogen as the filling
gas.

Experiments without oxygen getter also were performed. It was shown, that
purification was greatly enhanced by the use of an oxygen getter.

Samsung M1719N microwave (800W, 2.45 GHz) was used as a microwave
radiation source.

After the treatment, the ampoules were opened and then the probes for the
chemical analysis were prepared in the glove box.

The best result (0.09 + 0.05 mass.% of oxygen after treatment) was
achieved using H; plasma, Ti as a getter and é reaction time of about 3 to
3.5 hours.

Powder X-ray diffraction investigation revealed, that both starting material
and plasma-treated product did not show sharp diffraction peaks and
revealed only a wide intensity bump at a lower diffraction angles. This
confirms the amorphous state of the material. Scanning electron
microscopial observation revealed, that in the plasma-treated products the
starting particles are sintered to larger conglomerates.
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Claims

Purification method for removing oxygen from a material characterized
in that a material containing oxygen impurities is subjected to a
treatment with hydrogen-based plasma.

The method according to claim 1 characterized in that oxygen is
removed in the presence of an oxygen getter.

The method according to claim 1 characterized in that titanium is used

as oxygen getter.

The method according to any of the preceding claims characterized in
that the material to be purified is a temperature-stable material.

The method according to claim 4 characterized in that the material is
selected from non-metallic elements or metals.

The method according to any of the preceding claims characterized in
that oxygen is removed from boron, in particular, from amorphous

boron.

The method according to any of the preceding claims characterized in
that the material to be purified contains oxygen impurities in an amount

of > 1 weight percent, in particular, > 4 wt.%, preferably > 10 wt.%

oxygen based on the total weight of the material.

The method according to any of the preceding claims characterized in
that the oxygen impurities are present as oxides.

The method according to any of the preceding claims characterized in

that the material is purified to an oxygen content of < 0.5 wt.%, in
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particular, < 0.1 wt.%, preferably < 0.05 wt.% oxygen based on the

total weight of the material.

The method according to any of the preceding claims characterized in
that the hydrogen-based plasma contains > 5 vol.%, in particular, > 90

vol.% and preferably > 99 vol.% Ho..

The method according to any of the preceding claims characterized in
that a hydrogen-based plasma consisting of H, and optionally an inert
gas such as argon or nitrogen is used.

The method according to any of the preceding claims characterized in

that the oxygen content in the hydrogen-based plasma is < 10 ppm O..

The method according to any of the preceding claims characterized in

that the water content of the hydrogen-based plasma is <10 ppm.

The method according to any of the preceding claims characterized in
that the treatment with hydrogen-based plasma is performed for 0.5 to
10 h.

The method according to any of the preceding claims characterized in
that a microwave-induced plasma is used.
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