Description

Title of Invention
METHOD FOR PRODUCING TRICHLOROSILANE AND METHOD FOR

PRODUCING POLYCRYSTALLINE SILICON ROD

Technical Field
[0001]

The present invention relates to a method for producing trichlorosilane. More
specifically, the present invention relates to a method for producing trichlorosilane,

which effectively utilizes exhaust gas to be discharged.

Background Art
[0002]

Trichlorosilane (SiHCIs3) is a useful compound as a raw material for producing
polycrystalline silicon and is reacted with hydrogen at a high temperature of 1000°C or
higher, and thus reactions of the following formulae (1) and (2) mainly occur, and high-
purity polycrystalline silicon is deposited.

[0003]

4SiHCl3 — Si + 3SiCls + 2H2 (1)

SiHCl3 + H2 — Si + 3HCI (2)

Such trichlorosilane is generally produced by reacting metallic silicon with
hydrogen chloride. For example, Patent Literature 1 discloses a method for producing
trichlorosilane by reacting metallic silicon and hydrogen chloride in the presence of a
catalyst containing iron and aluminum by using a fluidized bed reactor.

[0004]



In the above production method, trichlorosilane is produced from metallic silicon
and hydrogen chloride by a reaction of the following formula (3).

[0005]

Si + 3HCl — SiHCls + Hz (3)

Further, tetrachlorosilane (SiCls), which is a by-product during the production of
polycrystalline silicon, is converted into trichlorosilane and reused for producing
polycrystalline silicon. For example, Patent Literature 2 discloses a method for
producing trichlorosilane by reacting metallic silicon with tetrachlorosilane and
hydrogen in a fluidized bed in the presence of a copper silicide catalyst. In the
production method, trichlorosilane is produced from metallic silicon, tetrachlorosilane
and hydrogen according to the following reaction formula (4).

[0006]

3SiCls + 2H, + Si — 4SiHCl3 (4)

The production method requires a high reaction temperature as compared with the
above-described method for producing trichlorosilane, and has disadvantages that a
reaction rate is slow and production cost is high. Therefore, the production of
trichlorosilane is mainly carried out by the reaction of the metallic silicon with the
hydrogen chloride, and the production method of the formula (4) is supplementarily
carried out for the reuse of tetrachlorosilane which is a by-product during the production
of polycrystalline silicon.

[0007]

In the method for producing trichlorosilane by the reaction of the formula (3) by
reacting the hydrogen chloride with the metallic silicon, a side reaction of the following
formula (5) is caused, and tetrachlorosilane is generated as a by-product and
dichlorosilane is also generated as a trace by-product.

[0008]



Si +4HCI — SiCls + 2H2 (5)

Therefore, a gas generated by the reaction of the metallic silicon with the hydrogen
chloride is cooled to a predetermined temperature or lower to condense and separate a
mixture of chlorosilane containing trichlorosilane, the trichlorosilane is separated and
recovered from the obtained condensate by distillation, and the recovered trichlorosilane
is used as a raw material for producing polycrystalline silicon. The tetrachlorosilane
separated by distillation is mainly reused in a production process of trichlorosilane by
the reaction of formula (4) that is supplementarily carried out.

[0009]

An exhaust gas, which is obtained by condensing and separating the chlorosilane
from a reaction product gas, contains hydrogen as a main component, but contains a
small amount of boron or the like contained as an inevitable impurity in the metallic
silicon in addition to unreacted hydrogen chloride and a small amount of chlorosilane
remaining without being condensed and separated. Since such impurities degrade the
quality of polycrystalline silicon, it is necessary to suppress contamination of impurities
as much as possible in trichlorosilane used as a raw material for producing
polycrystalline silicon. Therefore, a part of the exhaust gas containing impurities is
circulated as a carrier gas in a reaction system that generates the exhaust gas, but most
of the exhaust gas is discarded through an appropriate treatment. However, as a
production amount of trichlorosilane increases, an amount of exhaust gas to be
discarded after the chlorosilane is separated also increases, and it has been desired to
establish an effective method for reusing such an exhaust gas.

[0010]

Further, Patent Literature 3 proposes a method for producing trichlorosilane in

which metallic silicon particles, hydrogen chloride, tetrachlorosilane, and hydrogen are

supplied into a fluidized bed reactor filled with the metallic silicon particles, and a



reaction for producing trichlorosilane by metallic silicon and the hydrogen chloride and
a reaction for producing trichlorosilane by a reaction of the metallic silicon with the

tetrachlorosilane and the hydrogen simultaneously proceed in the reactor.

Citation List

Patent Literature

[0011]
Patent Literature 1: JP3324922B
Patent Literature 2: JP3708648B
Patent Literature 3: JPS56-73617A

Patent Literature 4: JP2011-168443A

Summary of Invention
Technical Problem
[0012]

The method for producing trichlorosilane proposed in Patent Literature 3 has
advantages that, since two trichlorosilane generation reactions proceed simultaneously
in the same reactor, tetrachlorosilane and hydrogen which are produced as a by-product
of reaction (generation reaction by metallic silicon and hydrogen chloride) are
consumed in a trichlorosilane generation reaction in the other reaction, and generation
of tetrachlorosilane contained in an exhaust gas can be suppressed as much as possible.
The generated exhaust gas can be circulated and supplied to the reactor, and a problem
associated with a large amount of the exhaust gas can be effectively solved.

[0013]
However, in the above method, two reactions with different reaction conditions

have to proceed simultaneously, and therefore, there is a fatal problem such as a



decrease in conversion rate to trichlorosilane.
[0014]

For example, in the reaction of the formula (3) in which trichlorosilane is generated
by the reaction of metallic silicon with hydrogen chloride, a conversion rate to
trichlorosilane tends to decrease as a reaction temperature increases, and the reaction
temperature is set in a range of 250°C to 400°C. Further, in the reaction of producing
trichlorosilane by the reaction of tetrachlorosilane with metallic silicon and hydrogen, in
order to ensure an appropriate reaction rate and selectivity, the reaction temperature is
set to a range of 400°C to 700°C, preferably 450°C to 600°C. As understood from this,
in a case where two reactions simultaneously proceed in the same reactor, if the reaction
temperature is matched to one reaction, a conversion rate in the other reaction
decreases, and if the reaction temperature is matched to the other reaction, a conversion
rate in the one reaction decreases. As a result, the reaction temperature is set in the
vicinity of a boundary region between both reactions (about 400°C). However, since the
reaction temperature is not in an optimum range for any reaction, both reactions cannot
be carried out under an optimum condition.

[0015]

As a method for solving the problem described in Patent Literature 3, Patent
Literature 4 proposes a method for producing trichlorosilane. The method includes a
first production process of reacting hydrogen chloride with metallic silicon to generate
trichlorosilane and a second production process of reacting tetrachlorosilane and
hydrogen with metallic silicon to generate trichlorosilane as processes independent of
each other. The trichlorosilane is condensed and separated from a reaction product gas
containing the trichlorosilane obtained by the first production process, and an exhaust
gas obtained by condensing and separating the trichlorosilane is supplied to the second

production process as a hydrogen source.



[0016]

The method for producing trichlorosilane proposed in Patent Literature 4 has
advantages that the exhaust gas containing hydrogen as a main component generated in
the first production process can be supplied as a hydrogen source to the second
production process as it is without performing a special refining treatment, and the
second production process can also be carried out as in the related art without newly
adding a special refining device or the like.

[0017]

However, the present inventors have found by studies that when the exhaust gas
containing hydrogen as a main component recovered by the method described in Patent
Literature 4 is used as a hydrogen source for the second production process, that is, for
generating trichlorosilane by reacting metallic silicon with tetrachlorosilane and
hydrogen, erosion or corrosion cracking may occur in a production apparatus used for
the reaction. In particular, the present inventors have found that erosion or corrosion
cracking occurs remarkably when the second production process is continuously carried
out for a long period of time, and there is still room for improvement from the
viewpoint of continuously using the exhaust gas as a hydrogen source for a long period
of time.

[0018]

Therefore, an object of the present invention is to provide a method that enables

effective industrial use of an exhaust gas containing hydrogen to be discharged during

production of trichlorosilane.

Solution to Problem
[0019]

The present inventors have conducted intensive studies on the above problems.



First, the cause of erosion or corrosion cracking in the production apparatus has been
investigated. As a result, it has been found that trichlorosilane is condensed and
separated from a reaction product gas containing the trichlorosilane, and an exhaust gas
obtained by condensing and separating the trichlorosilane contains hydrogen as a main
component but also contains a small amount of hydrogen chloride. It has been found
that erosion or corrosion cracking occurs in the production apparatus when the gas
containing hydrogen chloride is heated to the reaction temperature. Further, it has also
been found that erosion or corrosion cracking is less likely to occur when silane hydride
is contained in addition to hydrogen and hydrogen chloride.

[0020]

Based on these findings, as a result of conducting studies on conditions when the
exhaust gas obtained by condensing and separating the trichlorosilane is used as a
hydrogen source for generating trichlorosilane by reacting tetrachlorosilane and
hydrogen with metallic silicon, the present inventors have found that occurrence of
erosion or corrosion cracking in a production apparatus can be suppressed and the gas
can be continuously used for a long period of time by setting concentrations of
hydrogen chloride and silane hydride contained in the gas within a specific range and
further heating the gas at a predetermined temperature before the gas is subjected to the
reaction, and have completed the present invention.

[0021]

That is, the present invention is a method for producing trichlorosilane, the method
including: reacting metallic silicon and tetrachlorosilane with a mixed gas containing
hydrogen to generate trichlorosilane, in which the mixed gas containing hydrogen
contains 1 to 500 molar ppm of hydrogen chloride and 100 to 10000 molar ppm of
silane hydride, and the mixed gas is heated at 100°C to 450°C and then reacted.

[0022]



A first aspect of the present invention can preferably adopt the following aspects.

(1) The mixed gas containing hydrogen is held for at least 3 seconds at 100°C to
450°C and then reacted.

(2) The mixed gas containing hydrogen is mixed with tetrachlorosilane, and then
the mixed gas containing the tetrachlorosilane is heated at 100°C to 450°C.

(3) The mixed gas containing hydrogen contains an exhaust gas obtained by
condensing and separating trichlorosilane from a reaction product gas containing the
trichlorosilane obtained by reacting metallic silicon with hydrogen chloride to generate
the trichlorosilane.

(4) The mixed gas containing hydrogen contains an exhaust gas obtained by
condensing and separating trichlorosilane from a reaction product gas containing the
trichlorosilane obtained by reacting metallic silicon and tetrachlorosilane with hydrogen
to generate the trichlorosilane.

(5) The mixed gas containing hydrogen contains an exhaust gas obtained by
condensing and separating trichlorosilane from an exhaust gas obtained by reacting the
trichlorosilane with hydrogen to generate polycrystalline silicon.

(6) The method includes: obtaining a reaction product gas containing trichlorosilane
by any one production method of the present invention, and then condensing and
separating the trichlorosilane from the reaction product gas.

[0023]

A second aspect of the present invention is a method for producing a polycrystalline
silicon rod, the method including: using a reaction furnace having a structure in which
an interior is sealed with a bell jar and a bottom plate, the bottom plate is provided with
an electrode pair for holding a plurality of silicon core wires and energizing the silicon
core wires, and a plurality of gas supply nozzles for supplying a raw material gas for

silicon deposition to an internal space of the bell jar are provided; and ejecting the raw



material gas for silicon deposition from the gas supply nozzles while energizing the
silicon core wires to deposit polycrystalline silicon on the silicon core wires, in which
the raw material gas for silicon deposition contains the trichlorosilane obtained by the

method according to above (6).

Advantageous Effects of Invention
[0024]

According to the method for producing trichlorosilane of the present invention, an
exhaust gas mainly containing hydrogen, which is obtained by separating trichlorosilane
from a reaction product gas containing trichlorosilane in the production of
trichlorosilane, can be used as a hydrogen source for producing trichlorosilane by
reacting metallic silicon with tetrachlorosilane and hydrogen. In particular, since it is
possible to suppress the occurrence of erosion or corrosion cracking in the production
apparatus in the reaction, it is possible to stably use the exhaust gas for a long period of
time.

[0025]

As described above, since the exhaust gas during production of trichlorosilane can
be effectively used, an amount of hydrogen to be used (hydrogen to be newly supplied)
other than hydrogen contained in the exhaust gas can be significantly reduced, and

production cost thereof can be significantly reduced.

Brief Description of Drawings
[0026]

[Figure 1] Figure 1 is a schematic view showing an example of composition
adjustment device for adjusting a composition of a mixed gas used in Examples; and

[Figure 2] Figure 2 is a schematic view showing an example of a configuration of a



production apparatus in Examples and Comparative Examples.

Description of Embodiments
[0027]

In a production method of the present invention, when an exhaust gas obtained by
condensing and separating trichlorosilane is used as a hydrogen source for generating
the trichlorosilane by reacting tetrachlorosilane and hydrogen with metallic silicon,
concentrations of hydrogen chloride and silane hydride contained in the gas are set to a
specific range, and the gas is further heated at 100°C to 450°C before the gas is
subjected to a reaction. By employing such a production method of the present
invention, it is possible to suppress occurrence of erosion and corrosion cracking in a
production apparatus when the exhaust gas is used as a hydrogen source, and thus it is
possible to stably produce trichlorosilane for a long period of time. The details of the
reason why the production method of the present invention can suppress the occurrence
of erosion and corrosion cracking in the production apparatus are unclear, but the
present inventors presume as follows. That is, a main component of the exhaust gas
obtained by condensing and separating the trichlorosilane is hydrogen, but the exhaust
gas contains a small amount of hydrogen chloride. Therefore, when the exhaust gas is
used as a hydrogen source in the production of trichlorosilane in which the
tetrachlorosilane and the hydrogen are reacted with the metallic silicon, since a reaction
temperature in the production is a high temperature (450°C to 600°C), it is presumed
that the erosion or corrosion cracking occurs in the production apparatus due to a small
amount of hydrogen chloride in the exhaust gas. Further, in the production method of
the present invention, the exhaust gas containing a predetermined amount of hydrogen
chloride and silane hydride is heated to a predetermined temperature and then used for

the production of trichlorosilane. In this case, it is presumed that a small amount of
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silane hydride such as dichlorosilane or trichlorosilane is contained in the exhaust gas,
the silane hydride is reacted with the hydrogen chloride by the heating, and a content of
the hydrogen chloride in the exhaust gas is reduced. Therefore, it is presumed that the
content of the hydrogen chloride in the exhaust gas after heating is reduced, and even
when the exhaust gas is used for the production of trichlorosilane, the occurrence of
erosion or corrosion cracking in the production apparatus can be suppressed, and the
trichlorosilane can be stably produced for a long period of time.

[0028]

In the present specification, unless otherwise specified, the notation "Ato B" for the
numerical values A and B means "A or more and B or less". In the notation, when a unit
is added to only the numerical value B, the unit is also applied to the numerical value A.
Hereinafter, a method for producing trichlorosilane of the present invention will be
described in detail.

[0029]

<Method For Producing Trichlorosilane>

In the production method of the present invention, trichlorosilane is produced by
reacting metallic silicon and tetrachlorosilane with a mixed gas containing hydrogen.
The reaction for producing trichlorosilane at this time is expressed by the following
formula (4) as described above:

3SiCls + 2H2 + Si — 4SiHCl3 (4)

[0030]

<Mixed Gas>

In the production method of the present invention, a mixed gas containing hydrogen
as a main component, 1 to 500 molar ppm of hydrogen chloride, and 100 to 10000
molar ppm of silane hydride is used as a hydrogen source for producing the

trichlorosilane. By using the mixed gas containing hydrogen chloride and silane hydride
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in the above ranges after being heated to a predetermined temperature in advance, it is
possible to suppress the occurrence of erosion and corrosion cracking in the production
apparatus, and thus it is possible to stably produce trichlorosilane for a long period of
time.

[0031]

A content of the hydrogen chloride contained in the mixed gas is preferably small,
more preferably in a range of 1 to 400 molar ppm, and particularly preferably in a range
of 1 to 200 molar ppm, from the viewpoint of occurrence of erosion or corrosion
cracking in the production apparatus.

[0032]

The silane hydride contained in the mixed gas is silane having at least one Si-H
bond in a molecule. Specific examples of the silane hydride include SiHa, SiH3Cl,
SiH2Cly, SiHCls, SiH3(CHs), SiH2(CHs)2, SIH(CHs)s, SiH2CI(CHzg), SiHCI2(CHs),
SIiHCI(CHa)2, Si2Hs, and SisHs. These silane hydrides may be contained alone, or a
plurality of silane hydrides may be mixed. From the viewpoint of effectively utilizing an
exhaust gas in the production of polycrystalline silicon and the exhaust gas in the
production of trichlorosilane, the silane hydride preferably contains at least one selected
from monochlorosilane (SiHsCl), dichlorosilane (SiH.Cl>), and trichlorosilane (SiHCIs).
Further, a content of the silane hydride is preferably in a range of 100 to 2000 molar
ppm, and particularly preferably in a range of 100 to 1000 molar ppm from the
viewpoint that the hydrogen chloride can be more efficiently consumed by heating.
[0033]

From the same viewpoint, a molar ratio of the hydrogen chloride to the silane
hydride in the mixed gas used in the production method of the present invention is
preferably in a range of silane hydride/hydrogen chloride = 1.0 to 100, more preferably

in a range of 1.1 to 30, and particularly preferably in a range of 1.5 to 10.
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[0034]

Examples of the mixed gas containing the hydrogen as a main component, the
hydrogen chloride, and the silane hydride includes:

1. an exhaust gas obtained by condensing and separating tetrachlorosilane from
exhaust gas containing the tetrachlorosilane that is produced as a by-product during the
production of polycrystalline silicon;

2. an exhaust gas obtained by condensing and separating trichlorosilane that is
produced by reacting metallic silicon with hydrogen chloride; and

3. an exhaust gas obtained by condensing and separating trichlorosilane that is
produced by reacting metallic silicon and tetrachlorosilane with hydrogen.

A cooling temperature of the gas when the tetrachlorosilane or trichlorosilane is
condensed and separated from the exhaust gas may be equal to or lower than a
temperature at which the tetrachlorosilane or trichlorosilane is condensed, and is
appropriately determined in consideration of the cooling capacity of a cooling device
and the like. The cooling temperature is generally set to -10°C or lower, and particularly
-30°C or lower. The same applies to a pressure during condensation and separation, and
the pressure is usually set at 300 kPaG or more, and particularly 500 kPaG or more. The
exhaust gas obtained by condensing and separating the tetrachlorosilane or
trichlorosilane is usually 95 to 99 mol% of hydrogen, and contains 100 to 6000 molar
ppm of hydrogen chloride and 5000 to 50000 molar ppm of silane hydride. The exhaust
gas may be used alone as the hydrogen of the present invention, or may be mixed and
used as the hydrogen of the present invention. When contents of the hydrogen chloride
and the silane hydride in the exhaust gas are not in the above ranges, the contents of the
hydrogen chloride and the silane hydride may be appropriately adjusted to be in the
above ranges by, for example, mixing high-purity hydrogen containing no hydrogen

chloride into the exhaust gas.
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[0035]

<Tetrachlorosilane>

The tetrachlorosilane used in the production method of the present invention is not
particularly limited, but tetrachlorosilane that is produced as a by-product in a
production process of polycrystalline silicon from trichlorosilane is used. Further,
examples of the tetrachlorosilane include tetrachlorosilane that is produced as a by-
product when trichlorosilane is generated from metallic silicon and hydrogen chloride
by the reaction of the following formula (3) described above and is separated and
recovered by distillation in a condensate containing chlorosilane:

Si + 3HCI — SiHCl3 + H2 (3),
and tetrachlorosilane that is produced as a by-product when trichlorosilane is generated
from metallic silicon and hydrogen chloride by the reaction of the following formula (5)
described above and is separated and recovered by distillation in a condensate
containing chlorosilane:

Si + 4HCI — SiCls + 2H2 (5).
[0036]

<Metallic Silicon>

As the metallic silicon used in the production method of the present invention, any
known solid substance containing silicon element in a metallic state, such as
metallurgical metallic silicon, ferrosilicon, or polycrystalline silicon, is used without
any limitation. In addition, impurities such as iron compounds contained in metallic
silicon are not particularly limited in terms of types and contents. Furthermore, such
metallic silicon is also used in the form of fine powder having an average particle size
of about 100 um to 300 pm.
[0037]

<Catalyst>
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Furthermore, in the production method of the present invention, a catalyst is
preferably used from the viewpoint of increasing a reaction rate and efficiently
producing trichlorosilane with high selectivity. As such a catalyst, those conventionally
used in the reaction system, for example, a copper-based catalyst such as copper
powder, copper chloride, or copper silicide, are used. It is also possible to use an iron
component, or an iron component and an aluminum component in combination with
these catalysts. Such a catalyst is used in an amount of 0.1 to 40% by weight,
particularly 0.2 to 20% by weight in terms of copper with respect to metallic silicon.
[0038]

<Production Apparatus>

As the production apparatus for carrying out the production method of the present
invention, a known production apparatus can be used. For example, a fixed bed reactor,
a fluidized bed reactor, or the like can be used as a reactor. In particular, a fluidized bed
reactor is preferably used because trichlorosilane can be continuously produced by
continuously supplying metallic silicon, tetrachlorosilane, and hydrogen as reactive
species. In the production method of the present invention, hydrogen is heated to a
predetermined temperature and then supplied to the reactor. The method for heating
hydrogen is not limited, and a known method can be adopted. Examples thereof include
a method in which a means for externally heating a hydrogen supply pipe connected to
the reactor is attached, and the hydrogen flowing through the supply pipe is heated by
the heating means, a method in which a hydrogen storage tank is installed and hydrogen
in the storage tank is heated by the means for heating the storage tank, and then the
hydrogen is supplied to the reactor, and a method in which hydrogen is heated by
exchanging heat with exhaust gas from the reactor in a heat exchanger, and then the
hydrogen is supplied to the reactor.

[0039]
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<Heating of Mixed Gas>

In the production method of the present invention, when trichlorosilane is produced
by reacting metallic silicon, tetrachlorosilane, and hydrogen, the mixed gas is used as a
hydrogen source, and the mixed gas is heated at 100°C to 450°C and then reacted. As
described above, it is presumed that when the mixed gas containing the silane hydride
and the hydrogen chloride is heated to 100°C to 450°C in advance, the silane hydride
reacts with the hydrogen chloride to reduce the content of the hydrogen chloride.
Therefore, from the viewpoint of reliably reacting the silane hydride with the hydrogen
chloride, the mixed gas is preferably held in the range of 100°C to 450°C for at least 3
seconds, particularly preferably 5 seconds or more, and preferably 7 seconds or more.
An upper limit of the time for which the mixed gas is held in the range of 100°C to
450°C may be any time as long as the content of hydrogen chloride can be sufficiently
reduced, and may be appropriately determined in consideration of the production
conditions, the capability of the apparatus, and the like. From the viewpoint of reliably
reacting the silane hydride with the hydrogen chloride during the heating of the mixed
gas, specifically, as the heating time for the mixed gas in the range of 100°C to 450°C, it
is sufficient to set the heating time to 1 hour or more in a heating temperature range of
100°C to 200°C, 30 seconds or more in a temperature range of 200°C to 300°C, 10
seconds or more in a temperature range of 300°C to 400°C, and 3 seconds or more in a
temperature range of 400°C to 450°C. The time for which the mixed gas is held in the
range of 100°C to 450°C indicates a time for which the hydrogen is in the temperature
range. Therefore, when the temperature of the mixed gas is increased in the range of
100°C to 450 °C, the temperature elevation time is also included in the holding time.
Therefore, when the mixed gas is heated while increasing the temperature from 100°C
to 450°C, a temperature elevation rate may be appropriately determined as long as the

time within the temperature range is 3 seconds or more, and particularly, it is preferable

16



that the temperature range of 400°C to 450°C is 3 seconds or more.
[0040]

In the production method of the present invention, the mixed gas may be heated at
100°C to 450°C before the metallic silicon, the tetrachlorosilane, and the mixed gas are
reacted, and the order of adding the metallic silicon, the tetrachlorosilane, and the mixed
gas is not particularly limited. Therefore, the mixed gas may be heated at 100°C to
450°C and then brought into contact with the metallic silicon and the tetrachlorosilane,
or the mixed gas and the tetrachlorosilane may be mixed to obtain a mixed gas, and then
the mixed gas containing the tetrachlorosilane may be heated at 100°C to 450°C and
then brought into contact with the mixed gas and the metallic silicon. The reaction of
the metallic silicon, the tetrachlorosilane, and the mixed gas may be carried out at a
temperature above 450°C.

[0041]

<Production Condition of Trichlorosilane>

In the production method of the present invention, as described above, the mixed
gas containing hydrogen as a main component and a predetermined amount of silane
hydride and hydrogen chloride is heated at the above temperature, and then reacted with
metallic silicon and tetrachlorosilane. The supply amount of each reactive species may
be appropriately determined in consideration of the type and capacity of the reactor. A
ratio of tetrachlorosilane to hydrogen is generally 1 to 5 moles of hydrogen per mole of
tetrachlorosilane, and more preferably 1 to 3 moles of hydrogen per mole of
tetrachlorosilane. A supply rate thereof may be set to an appropriate range according to
the type and size of the reactor to be used. For example, when a fluidized bed reactor is
used, the reactive species is supplied at a flow rate at which a fluidized bed can be
formed. Further, the tetrachlorosilane and the hydrogen may be supplied after being

diluted with an inert gas not involved in the reaction, for example, nitrogen gas or argon
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gas.
[0042]

The reaction temperature in the production method of the present invention is
appropriately determined in consideration of the material and capacity of the production
apparatus, the catalyst to be used, and the like, but the reaction temperature is generally
set in a range of 400°C to 700°C, particularly 450°C to 600°C.

[0043]

The gas produced by the method of the present invention contains produced
trichlorosilane, unreacted tetrachlorosilane, hydrogen, and silane and hydrogen chloride
derived from the exhaust gas. The reaction product gas can be passed through a filter to
remove solids such as metallic silicon particles, the chlorosilane is separated by
condensation due to cooling, and then the condensate is subjected to distillation,
whereby the generated trichlorosilane can be recovered with high purity.

[0044]

That is, a cooling temperature of the reaction product gas when the chlorosilane is
condensed and separated may be equal to or lower than a temperature at which the
chlorosilane is condensed, and is appropriately determined in consideration of the
cooling capacity of the cooling device and the like. The cooling temperature is generally
set to -10°C or lower, and particularly -30°C or lower. The same applies to a pressure
during condensation and separation, the pressure is usually set at 300 kPaG or more,
and particularly 500 kPaG or more, and the chlorosilane is condensed and separated by
cooling.

[0045]

The chlorosilane collected by condensation contains tetrachlorosilane and

dichlorosilane in addition to the generated trichlorosilane, and the tetrachlorosilane and

the dichlorosilane are separated from the trichlorosilane by distillation.
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[0046]

<Use of Trichlorosilane>

The trichlorosilane produced in the present invention is used as a raw material for
deposition in a process of producing polycrystalline silicon. That is, the trichlorosilane
can be used as a raw material gas in the production of polycrystalline silicon by the
Siemens method in which a silicon core wire is provided inside a reaction furnace, the
silicon core wire is heated to a deposition temperature of silicon by energization, a raw
material gas for silicon deposition composed of trichlorosilane and a reducing gas is
supplied into a reaction chamber in this state, and silicon is deposited on the silicon core
wire by a chemical vapor deposition method.

[0047]

A known production apparatus can be used to produce polycrystalline silicon by the
Siemens method. Specifically, examples thereof include a reaction furnace having a
structure in which an interior is sealed with a bell jar and a bottom plate, the bottom
plate is provided with an electrode pair for holding a plurality of silicon core wires and
energizing the silicon core wires, and a plurality of gas supply nozzles for supplying a
raw material gas for silicon deposition to an internal space of the bell jar are provided.
[0048]

A polycrystalline silicon rod can be produced by using the reaction furnace and
supplying the raw material gas for silicon deposition containing trichlorosilane
produced by the production method of the present invention from the gas supply nozzles
while energizing the silicon core wires to deposit polycrystalline silicon on the silicon
core wires. As the production conditions and the like in the production of
polycrystalline silicon, known conditions can be used without particular limitation.
[Examples]

[0049]
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Hereinafter, the present invention will be further described with reference to
examples, but the present invention is not limited to these examples.
[0050]

(Example 1)

<Preparation of Mixed Gas>

A mixed gas used in Examples was produced using a composition adjustment
device shown in Figure 1. In the composition adjustment device shown in Figure 1, a
gas bubbling container 140, a cooling device 150 capable of cooling the gas bubbling
container 140, a hydrogen chloride supply pipe 120 for supplying hydrogen chloride to
the bubbling container 140, and a silane hydride supply pipe 130 are connected. A gas
discharged from the gas bubbling container is discharged from the gas discharge pipe
160. A hydrogen gas supply pipe 110 is connected to the hydrogen chloride supply pipe
120 and the gas discharge pipe 160. A thermometer (not shown) for measuring a
temperature in the gas bubbling container 140 is installed, and a pressure gauge (not
shown) is installed in the gas discharge pipe 160.

[0051]

The gas bubbling container 140 was filled with about 3 kg of a silane hydride
solution having a composition of 5% by weight of dichlorosilane, 85% by weight of
trichlorosilane, and 10% by weight of tetrachlorosilane, and the gas bubbling container
140 was cooled to -40°C.

[0052]

A mixed gas flow containing 0.1 NL (normal liter)/min of 5 mol% hydrogen
chloride-containing hydrogen and 2.0 NL/min of 9.99 mol% hydrogen was bubbled into
the silane hydride solution so that a residence time in the silane hydride solution was 30
seconds. The gas discharged from the gas bubbling container at a flow rate of 2.1

NL/min was recovered by the bubbling and analyzed by gas chromatography, and as a
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result, the hydrogen contained 0.24 mol% of hydrogen chloride, 0.029 mol% of
dichlorosilane, 0.37 mol% of trichlorosilane, and 0.013 mol% of tetrachlorosilane.
[0053]

The hydrogen gas discharged from the gas bubbling container (a flow rate of 2.1
NL/min) and 99.99 mol% hydrogen (17 NL/min) were mixed, and the obtained mixed
gas was stored in a hydrogen gas tank.

[0054]

The hydrogen gas stored in the hydrogen gas tank was analyzed by gas
chromatography, and as a result, the hydrogen gas contained 99.71 mol% of hydrogen,
270 molar ppm of hydrogen chloride, 458 molar ppm of silane hydride, and 15 molar
ppm of tetrachlorosilane.

[0055]

<Heating of Mixed Gas>

Figure 2 is a schematic view showing an example of a configuration of a production
apparatus in Examples and Comparative Examples. In Figure 2, the production
apparatus includes a Composition adjustment device 100 for adjusting a composition of
hydrogen gas, a hydrogen gas drum 200 for storing the prepared hydrogen gas, a mixer
300 for mixing the hydrogen gas fed from the hydrogen gas drum 200 and
tetrachlorosilane, a preheater 400 for heating the mixed gas to 100°C to 450°C, and a
reactor 500 for reacting the heated hydrogen and tetrachlorosilane with metallic silicon.
In Figure 2, the preheater 400 includes three preheaters (a first preheater 410, a second
preheater 420, and a third preheater 430). The hydrogen gas drum is provided with a
pipe (not shown) for extracting gas. The extracted gas is connected to a gas sampler (not
shown) for gas chromatography, and the gas in the drum is analyzed online.

[0056]

The hydrogen gas fed from the hydrogen gas drum 200 was supplied to the mixer
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300 at 19 NL/min, and 99.99 mol% tetrachlorosilane was supplied at 7 NL/min and
mixed. The mixed gas was fed to the first preheater 410 and heated to 100°C. The
mixed gas from the first preheater 410 was then fed to the second preheater 420 and
heated to 450°C. A heating time in the second preheater was 5.1 seconds as a result of
calculation by dividing a volume (liter) of a heating zone by a gas flow rate (NL/min).
[0057]

The mixed gas from the second preheater 420 was fed to the third preheater 430 and
heated to a reaction temperature (500°C) of the reactor. In a heating zone of the third
preheater 430, test pieces made of SUS304 and SUS316 were installed at portions
where the gas temperature is expected to be 450°C to 500°C. The test pieces were plate
pieces with a length of about 10 mm, a width of about 50 mm, and a thickness of about
2 mm. Ten test pieces were prepared for each material, small holes were formed in each
of the test pieces, and the test pieces were suspended in the pipe through a wire.

[0058]

<Reaction of Metallic Silicon, Tetrachlorosilane and Hydrogen>

As the reactor 500, a stainless-steel fluidized bed reactor with an inner diameter of
25 mm was used, 240 g of metallic silicon powder (purity: 98%, impurities including
iron, aluminum, carbon, and the like) and 15 g of copper chloride powder were initially
filled on a gas dispersion plate in the reactor, the reaction temperature was set to 500°C,
and the pressure was set to 0.7 MPa (gauge pressure). The metallic silicon powder was
supplied into the fluidized bed at a rate of 300g/hr. The temperature of the pipe through
which the gas passed was kept so that the temperature of the exhaust gas from the
reactor was maintained at 500°C. The above reaction was continuously performed for
500 hours. After the completion of the reaction, the test pieces were taken out and a
corrosion rate was measured. The corrosion rate was calculated by dividing a weight

change amount before and after the reaction by the reaction time, and as a result, the
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corrosion rate was less than 0.1 mm/year in both the test pieces made of SUS304 and
SUS316.
[0059]

<Examples 2 and 3 and Comparative Example 1>

The mixed gas shown in Table 1 was prepared, and the mixed gas was heated under
the conditions shown in Table 1, and then reacted with metallic silicon and
tetrachlorosilane in the same manner as in Example 1. Example 2 is an example in
which the gas bubbling container 140 was cooled at -20°C, and Example 3 is an
example in which the amount of 99.99 mol% hydrogen mixed with the hydrogen gas
discharged from the gas bubbling container was doubled. Comparative Example 1 is an
example in which the silane hydride is not contained. The residence time in the second
preheater and the corrosion rate of the test piece installed in the third preheater are
shown in Table 1.

[0060]
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[Table 1]

Example | Example | Example Comparative
1 2 3 Example 1
Composition of mixed gas
Hydrogen mol% 99.91 99.78 99.96 99.97
Hydrogen molar 270 290 135 270
chloride ppm
Dichlorosilane | Molar 33 215 17 0
ppm
Trichlorosilane | Molr 425 1,100 213 0
ppm
Tetrachlorosilane molar 15 45 7 0
ppm
Heating of mixed gas
Holding time of Seconds 51 8.1 2.6 5.1
second preheater
argjrr&pti"sat“;ggce °C | 495~498 | 495~498 | 495~498 495~498
Corrosion rate of test piece
SUS304 mmpy | %tor | 0lor o0.lor 0.25
less less less
SUS316 mm/Y 0.1or 0.1or 0.1or 015
less less less

Reference Signs List

[0061]

100 Composition adjustment device
110 Hydrogen gas supply pipe

120 Hydrogen chloride supply pipe
130 Silane hydride supply pipe
140 Gas bubbling container

150 Cooling device

160 Gas discharge pipe

200 Hydrogen gas drum

300 Mixer

400 Preheater
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410 First preheater
420 Second preheater
430 Third preheater

500 Reactor
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Claims

[Claim 1]

A method for producing trichlorosilane, the method comprising:

reacting metallic silicon and tetrachlorosilane with a mixed gas containing
hydrogen to generate trichlorosilane, wherein

the mixed gas containing hydrogen contains 1 to 500 molar ppm of hydrogen
chloride and 100 to 10000 molar ppm of silane hydride, and

the mixed gas is heated at 100°C to 450°C and then reacted.
[Claim 2]

The method for producing trichlorosilane according to claim 1, wherein

the mixed gas is held for at least 3 seconds at 100°C to 450°C and then reacted.
[Claim 3]

The method for producing trichlorosilane according to claim 1, wherein

the mixed gas is mixed with tetrachlorosilane, and then the mixed gas containing
the tetrachlorosilane is heated at 100°C to 450°C.
[Claim 4]

The method for producing trichlorosilane according to claim 1, wherein

the mixed gas contains an exhaust gas obtained by condensing and separating
trichlorosilane from a reaction product gas containing the trichlorosilane obtained by
reacting metallic silicon with hydrogen chloride to generate the trichlorosilane.
[Claim 5]

The method for producing trichlorosilane according to claim 1, wherein

the mixed gas contains an exhaust gas obtained by condensing and separating
trichlorosilane from a reaction product gas containing the trichlorosilane obtained by
reacting metallic silicon and tetrachlorosilane with hydrogen to generate the

trichlorosilane.
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[Claim 6]
The method for producing trichlorosilane according to claim 1, wherein
the mixed gas contains an exhaust gas obtained by condensing and separating
trichlorosilane from an exhaust gas obtained by reacting the trichlorosilane with
hydrogen to generate polycrystalline silicon.
[Claim 7]
A method for producing trichlorosilane, the method comprising:
obtaining a reaction product gas containing trichlorosilane by the production
method according to any one of claims 1 to 6, and then condensing and separating the
trichlorosilane from the reaction product gas.
[Claim 8]
A method for producing a polycrystalline silicon rod, the method comprising:
using a reaction furnace having a structure in which
an interior is sealed with a bell jar and a bottom plate,
the bottom plate is provided with an electrode pair for holding a plurality of
silicon core wires and energizing the silicon core wires, and
a plurality of gas supply nozzles for supplying a raw material gas for silicon
deposition to an internal space of the bell jar are provided; and
ejecting the raw material gas for silicon deposition from the gas supply nozzles
while energizing the silicon core wires to deposit polycrystalline silicon on the silicon
core wires, wherein
the raw material gas for silicon deposition contains the trichlorosilane obtained by

the production method according to claim 7.
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