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Description

[Technical Field]

[0001] The present invention relates to a method for preparing monosilane, and more particularly, to a method for
economically preparing monosilane, which is useful for forming a thin film of a semiconductor and for multipurpose high-
purity polycrystalline silicon, by preparing monosilane with high purity and high yield using trialkoxysilane.

[Background Art]

[0002] Monosilane is present in a gas state with a boiling point of 112°C under general conditions. Monosilane is
actively decomposed at a temperature of 700°C or more into silicon, which is a basis for obtaining high-purity silicon,
and hydrogen.
[0003] A series of methods of synthesizing monosilane have been widely known. For example, as a catalytic dispro-
portionation method of trichlorosilane, a two-step technology is known (German Patent No. 3311650 (October 13, 1983).
In the technology, the first step corresponds to performing catalytic hydrogenation of metallic silicon, and at this time,
the hydrogenation is conducted along with production of trichlorosilane at a temperature from 400°C to 600°C and a
pressure from 0.7 bar to 41.4 bar. In the second step, a catalytic disproportionation reaction of trichlorosilane is performed.
At this time, an anion exchange resin is used as a catalyst along with tertiary amine, and the disproportionation is
performed at a maximum temperature of 150°C. Thereafter, impurities of monosilane are removed. However, when a
corrosive chlorine compound is present, the invention makes it difficult to purify monosilane into high-purity monosilane
due to transfer of impurities from the wall of equipment toward monosilane and causes an increase in the price of a final
product, and thus it is difficult to widely use the method to prepare monosilane.
[0004] Further, as a method of preparing silane using reaction of silicon tetrachloride with lithium hydride, a method
according to Russian Patent No. 2173297 (2001) is also widely known. In the method, lithium hydride is pulverized
beforehand, and then the process is conducted at a temperature of 300°C. Lithium chloride produced during the reaction
is used for regeneration of LiH. At this time, hydrogen chloride is produced. A major disadvantage of the method is that
it is necessary to remove a starting reagent from silane, particularly, hydrogen chloride residue. In relation to this, there
is a problem in that it is required to additionally perform a difficult process of removing HCl from a final product.
[0005] As another method of preparing silane, there is a method of preparing silane by treating lithium silicide with a
dilute solution of hydrochloric acid, nitric acid or sulfuric acid according to Russian Patent No. 2194009 (2002). As a
major disadvantage of the method, there is a problem in that it is necessary to additionally perform a difficult process of
removing a starting reagent, that is, hydrogen chloride or the corresponding acetic acid or sulfuric acid residue from
silane. Examples of other limitations include high exothermicity, and when a violation occurs in the replenishment mode
of a starting reagent in a reactor, the reactor is likely to explode.
[0006] A method of preparing monosilane using catalytic disproportionation of alkoxysilane is one of the promising
methods. The method was proposed in US Patent No. 2530367 in 1947, and the disproportionation in the invention is
performed by the following Reaction Equation A.

[Reaction Equation A] 4SiH(C2H5O)3→SiH4 + 3Si(C2H5O)4

[0007] The foundation for the catalytic disproportionation of alkoxysilane was established in the former Soviet Union
in 1957 to 1959, and the reason for this appears to be that triethoxysilane was usually developed at that time [Soviet
Journal of Technical Physics, 1957, v. 27, No.8, pp. 1645-1648 and Soviet Journal of Solid State Physics, 1959, v. 1,
pp. 999-1001].
[0008] US Patent No. 3829555 (August 13, 1974) proposed a continuous synthesis process of monosilane. In the
invention, sodium ethoxide in tetraethoxysilane acts as a catalyst in a disproportionation reaction of triethoxysilane, the
reaction was conducted in a liquid phase, and the conversion ratio of triethoxysilane ranged from 70% to 90%.
[0009] Published patent application FR 2154728 A1 discloses a method for the manufacture of alkoxysilanes having
the general formula HnSi(OR)4-n, where n is an integer of 0 to 3 and R is an alkyl group having at least four carbon atoms.
[0010] Published patent application FR 1428987 A discloses a process for the production of silanes, wherein the
silanes are obtained by reacting finely divided silicon with an optionally substituted alcohol or with a phenol.
[0011] Published patent application FR 2156655 A1 discloses a method for the manufacture of silanes having the
general formula SinH2n+2, where n is an integer of 1 to 3.
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[Disclosure]

[Technical Problem]

[0012] In order to solve the problem of the induction period during the initial period of the reaction when alkoxysilane
is prepared, the decrease in selectivity and conversion ratio of a final product, the problem of continuous reaction, the
decrease in productivity and the like, an object of the present invention is to provide a new method for preparing mon-
osilane, which simplifies and improves the preparation process while ensuring continuity, operability, productivity, and
stability.
[0013] Further, in order to remove the above-described disadvantages in the related art, an object of the present
invention is to provide a method for preparing monosilane, which ensures rapid reduction or removal of the initial induction
period of the synthesis reaction of alkoxysilane, simplification of the technology, improvement in reaction selectivity, and
possibility of synthesis of monosilane through a continuous process.

[Technical Solution]

[0014] In order to solve the above-described problems, the present invention provides a method for preparing mon-
osilane according to claim 1.

[Advantageous Effects]

[0015] When monosilane is prepared according to the above-described technical solution according to the present
invention, performance is excellent, and feasibility is sufficient under laboratory conditions as well as at industrial scale.
In addition, there is an effect that the preparation process may be simplified and improved while ensuring continuity,
operability, productivity, and stability of the preparation process.
[0016] Furthermore, as specific effects, there are improved effects as follows.

- It is possible to decrease the initial induction period of the synthesis of alkoxysilane by approximately 15 times.
- Process selectivity for triethoxysilane, which is a main product, is ensured at the 96% level.
- A synthesis reaction of triethoxysilane and monosilane may be performed in a continuous process which maintains

a high and stable synthesis rate.
- The productivity of the preparation process is increased by decreasing the contact time of a reagent by 5 times or more.
- The conversion ratio of triethoxysilane into monosilane is excellent.

[Description of Drawings]

[0017] FIG. 1 is a graph illustrating the comparison of a change in yield of triethoxysilane per unit time and an induction
time of the initial reaction vs. the synthesis process time of triethoxysilane each prepared in Examples 1 to 4 according
to the present invention.

[Best Mode]

[0018] Hereinafter, embodiments of the present invention will be described in detail with reference to the accompanying
drawings. It should be understood that the present invention is not limited to the following embodiments and may be
embodied in different ways, and that the embodiments are provided for complete disclosure and thorough understanding
of the invention by those skilled in the art.
[0019] Hereinafter, the present invention will be described in detail as one embodiment.
[0020] The present invention provides a method for preparing monosilane according to claim 1.
[0021] When a solvent is used in synthesizing alkoxysilane, the temperature region in the reaction mixture becomes
uniform, overheating is significantly decreased, side reaction is suppressed, and, as a result, selectivity is improved and
a silicon conversion ratio is also improved.
[0022] During synthesis of alkoxysilane, the temperature is maintained up to 300°C, which is a relatively high temper-
ature, and thus, as a solvent to be used, a solvent that is not decomposed in a reaction region at such a temperature
needs to be selected. The solvent also needs to be effective such that the uniform temperature and dispersibility of
silicon powder may be secured in a reaction system, and the solvent should not be oxidized at a reaction temperature
from 100°C to 300°C. In a series of inventions, as the solvent, alkylated benzene and alkylated naphthalene - "THER-
MINOL" oil may be used. Examples of the solvent suitable at high temperature include THERMINOL® 59, THERMINOL®

60, THERMINOL® 66, DOWTHERM® HT, MARLOTHERM® S, and MARLOTHERM®.
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[0023] An induction period is required for reaction of alcohol and silicon, and the length of the induction period may
range from about 1 hour to about 12 hours. A major reason for the induction period is that an oxide film influences the
surface of silicon. In order to decrease the induction period, additional activation may be performed in the synthesis
process of alkoxysilane.
[0024] As for an activation process, activation may be induced in another separate apparatus or in the reactor in which
the reaction takes place, and when the separate apparatus is used, activated silicon may be transferred to a reactor in
a dry and neutral environment. Activation may be implemented at a temperature from 20°C to 400°C (recommended
temperature from 150°C to 300°C), and hydrogen and nitrogen may be used together as activators. For example, a
reaction suspension containing 1 kg of silicon, 14.1 g of copper hydroxide and 2.1 kg of the solvent MARLOTHERM®

S may be activated with hydrogen and nitrogen at a temperature from 150°C to 250°C for 65 minutes. Specifically,
methyl alcohol is introduced at a rate of 4.3 g/min at 250°C for 5 hours, followed by reducing a temperature to 230°C.
Next, the supply of methyl alcohol is stopped, followed by beginning to supply ethyl alcohol at the same rate. Here, the
supply of hydrogen is also stopped, but the supply of nitrogen is maintained. The total amount of the activator is stoi-
chiometrically calculated, and needs to be sufficient to dissociate the copper catalyst in a divalent or monovalent state
into free copper.
[0025] A reaction material may be activated by maintaining a high temperature in an inert environment such as nitrogen,
argon and the like, and silicon may be premixed with a catalyst in an inert environment for 8 hours.
[0026] For activation of silicon, a halide such as alkyl chloride, hydrogen chloride, ammonium chloride and NH4HF2
may be introduced before the synthesis. When a process of preparing alkoxysilane is conducted based on the reaction
of silicon with ethyl alcohol, the activation of silicon may be performed with methyl alcohol because methyl alcohol has
a better reaction activity for silicon than ethyl alcohol or higher alcohols. For example, when 5% methyl alcohol is added
to ethyl alcohol, the reaction rate is significantly increased. It is necessary to pay attention to the fact that a process of
removing impurities such as distillation is essentially performed from a target product prepared when a material such
as a halide, alkyl halide and methanol is introduced into a reactor before synthesis because impurities decrease pro-
ductivity and complicate the process of preparing alkoxysilane.
[0027] Solutions widely known up until now fail to consistently explain the cause of the induction period in the direct
synthesis process of alkoxysilane and the characteristics thereof, and a technical solution by which the problems may
be effectively addressed has yet to be introduced. A solution, in which additionally introducing a reagent during the
synthesis process is a basic concept, makes it necessary to remove residue from the final product, and thus additional
work is needed and the process of preparing alkoxysilane is complicated, thereby increasing the price of the final product.
[0028] As another problem, it is also widely known that side reactions take place during the synthesis reaction of
alkoxysilane in a reactor, and thus oligo-alkoxysilane, water, and other secondary side products are produced, and these
side products are accumulated in a reaction environment, thereby decreasing the process rate. Most of the reactions
use metal as a catalyst, and the metal is usually present in the form of an impurity in silicon which is initially used. Metal
copper is usually produced within a solvent component as a result of decomposition of a copper-containing material that
is used as a catalyst in the main synthesis reaction.
[0029] When residual silicon, impurities and alkoxysilane, which are contained in the processed silicon material, are
accumulated, such accumulation also decreases the reaction rate. When the solvent is to be used later in the synthesis
of alkoxysilane, such a process requires regeneration of the solvent.
[0030] It is possible to conduct direct synthesis of silicon and alcohol in both the batch mode and the continuous mode.
In the batch mode, the total amount of silicon is introduced into a reactor at the start of the process, and alcohol is
continuously supplied until the silicon is completely reacted. A method of supplying a predetermined amount of silicon
in a dosage amount and continuously supplying alcohol may also be used.
[0031] In the continuous mode, only silicon or a catalyst-containing silicon is added after the operation thereof. Further,
adjustment is needed in order to minimize the content of the catalyst and prevent the side reaction of decomposing
alcohol from taking place.
[0032] The reaction is conducted at a temperature of 150°C or more. At a temperature lower than 150°C, decomposition
of alcohol or the solvent takes place. Preferably, the process is conducted at a temperature from 200°C to 260°C.
Reaction with methyl alcohol is conducted while maintaining the temperature from 220°C to 250°C, if possible, and the
temperature may range from 200°C to 240°C in the case of ethyl alcohol.
[0033] Although direct synthesis reaction of alkoxysilane is possible at both increased and reduced pressures, the
reaction is preferably conducted under atmospheric pressure.
[0034] In the method for preparing monosilane according to the present invention, the pulverization process of silicon
having a particle size of up to 500 mm may be performed at atmospheric pressure. Ethanol or methanol is used as an
alcohol reagent, and triethoxysilane or trimethoxysilane is prepared as a final product. As a catalyst, compounds con-
taining copper are usually used, and among them, copper (I) chloride (CuCl) is frequently used and a major technical
process of reacting pulverized silicon with alcohol is conducted in an environment in which the above-described polyar-
omatic oils and other oils as a solvent are heated up to 200°C.
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[0035] A reagent may be used as a technical activation method. The reagent is used under the following conditions,
and when trialkoxysilane is prepared in the reaction material according to the described scheme, impurities present in
the starting reagent are accumulated, and first, when copper is present in the final product, the quality of the semicon-
ductor-level silicon, that is, the efficiency of the solar cell is usually degraded. The reaction material is disproportionately
consumed, and a portion of the solvent is sometimes consumed in a side reaction that produces impurities from the
starting reagent. Therefore, unreacted silicon is present in the reaction material.
[0036] For this reason, activation of the reagent is conducted, and the activation process is summarized as discharging
a suspension containing unreacted silicon from the reaction mixture, replenishing the solvent and the catalyst as much
as necessary, and again circulating the reagent, in which the component is replenished, by the technical process. While
the process is conducted, a series of complicated bleeding tasks are conducted regularly several times until unreacted
silicon forms a precipitate in a reactor.
[0037] According to the method for preparing monosilane according to the present invention, for preparation of high-
purity monosilane, metal silicon is first reacted with an organic alcohol, preferably ethyl alcohol at a high temperature
by using a catalyst. At a high temperature, it is possible to produce alkoxysilane of which the target product is trialkox-
ysilane.
[0038] When metal silicon is reacted with an organic alcohol in a solvent having a high boiling point, the reaction is
conducted using a copper compound as a catalyst in an environment of a solvent having a high boiling point (acetate,
oxalate or chloride), and aluminum or an Al-Si alloy is added thereto. In this case, the conversion ratio of metal silicon
is high (maximally 99.8%), and thus a solvent having a high boiling point is easily separated from a metal precipitate
and it is possible to use the separated solvent again in the process.
[0039] When a final product produced by reacting metal silicon with the organic alcohol is then condensed, trialkox-
ysilane (about 50% by weight), tetraalkoxysilane (about 10% by weight), unreacted alcohol (about 25% by weight),
diethoxysilane impurities (maximally about 3% by weight), a chlorine compound (maximally about 1% by weight) and
the like are included therein. In order to decrease the possibility of substituting the hydrogen bond with an ethoxy group,
which decreases the content of triethoxysilane in the reaction product, the organic alcohol is first separated in the first-
step purification of the condensate. When rectification is performed at a low pressure (about 100 mmHg) in the process,
the organic alcohol is separated at a temperature close to room temperature, and the bonding of silicon to hydrogen
may be almost perfectly broken. The separated organic alcohol contains no moisture and contains small amounts of
alkoxysilane and a volatile chlorine compound, but there is no particular problem in reaction with silicon for preparation
of alkoxysilane. The subsequent purification of alkoxysilane is conducted according to known technology.
[0040] The method for preparing monosilane according to the present invention has the following advantages. A
volatile component, that is, the organic alcohol is separated well from the condensate, the process is performed in a
state in which low electric power is consumed, the temperature is lowered, and the bonding of di- and tri-alkoxysilane
is hardly broken, thereby increasing the yield of monosilane under disproportionation.
[0041] The purified alkoxysilane mixture composed of di-, tri- and tetraalkoxysilane is transferred to the catalytic
disproportionation. At this time, the reaction equation is represented by the following Reaction Equation B.

[0042] A solution of alkoxide, an alkaline earth metal and aluminum in tetraalkoxysilane is used as a catalyst. Alkox-
ysilane and the catalyst at a ratio of 20: 1 to 10: 1 are regularly or continuously, preferably continuously, supplied to a
disproportionation reactor.
[0043] The monosilane produced is saturated with alkoxysilane vapor, and when the disporportionation reaction tem-
perature is increased, the vapor concentration of alkoxysilane in monosilane is also increased. Accordingly, dispropor-
tionation should be performed at as low a temperature as possible, preferably in the range from -20°C to +40°C. The
most important characteristic of the disproportionation process is the conversion ratio of alkoxysilane in which bonding
of silicon and hydrogen is contained into monosilane. In order to obtain the maximum conversion ratio, reaction time
plays a very important role in addition to other conditions. When the disproportionation process is conducted in a con-
tinuous process, the contact time is essentially from 1 hour to 50 hours, preferably from 10 hours to 25 hours. In
consideration of fire caused by monosilane and explosiveness of monosilane, and contamination of ambient environments
caused by impurities, disproportionation is performed in sealed equipment, and the equipment does not need a stirring
apparatus and allows an engine disposed outside the reactor to perform stirring in the stirring apparatus. When the
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proposed disproportionation mode is performed, the conversion ratio of alkoxysilane may reach 98%.
[0044] Hereinafter, the method for preparing monosilane according to the present invention will be described in more
detail.
[0045] In step (a), the liquid-phase solvent may be directly used as a solvent in a synthesis process of alkoxysilane
in step (b) performed after step (a).
[0046] In step (a), synthesis of alkoxysilane of triethoxysilane and tetraethoxysilane is performed in the solvent envi-
ronment, which has been heated up to 160°C to 300°C.
[0047] In step (b), silicon consumed in synthesis reaction of the synthesis process of alkoxysilane is replenished by
continuously supplying the suspension, which includes pulverized silicon obtained in step (a) and the solvent, into the
reactor while the synthesis process is conducted, and, in order to continuously and stably conduct the synthesis reaction,
an amount of the suspension supplied into the reactor is determined such that an amount of silicon supplied by the
suspension is the same as an amount of reacted silicon. Here, an amount of silicon consumed in the synthesis reaction
can be calculated from an amount of synthesized alkoxysilane according to the following Equation 1. 

wherein mSi is a mass of silicon consumed as a result of direct reaction for unit time, mTES is a mass of triethoxysilane
prepared as a result of direct reaction for unit time, mTEOS is a mass of tetraethoxysilane prepared as a result of direct
reaction for unit time, coefficient k1 is a molecular weight ratio of silicon to triethoxysilane [molecular weight of silicon/mo-
lecular weight of triethoxysilane], and coefficient k2 is a molecular weight ratio of silicon to tetraethoxysilane [molecular
weight of silicon/molecular weight of tetraethoxysilane].
[0048] There is a slight initial induction period until yield reaches a certain level upon synthesis of alkoxysilane. The
method for preparing monosilane can minimize or reduce the initial induction period until a yield reaches a certain level
upon synthesis of alkoxysilane by wet-pulverizing silicon particles in a liquid-phase solvent by step (a) and introducing
the intact wet-pulverized silicon particles into the reactor for synthesis of alkoxysilane in step (b) along with the solvent
by a continuous process.
[0049] Each operation can be more specifically described as follows. First, by performing a pulverization process of
silicon in a liquid-phase solvent environment until the silicon particles have a size from 30 mm to 100 mm, the pulverization
process of silicon may be conducted in a wet manner without contact of a surface of silicon with air. Then, by introducing
the suspension including intact pulverized silicon and the solvent into the synthesis process of alkoxysilane, the solvent
of the suspension is directly used as the solvent in the in situ synthesis of alkoxysilane. The prepared suspension is
continuously supplied to the reactor while the synthesis process of alkoxysilane is conducted.
[0050] Specifically, the initial silicon such as metal silicon having a purity from 98% to 99% is pulverized using a
hammer crusher to a maximum particle size 1 mm. Next, the metal silicon is crushed by using a general planetary mill
according to a method known in the art until the particle size is 30 mm to 100 mm. To the operating volume of the crusher,
a solvent such as, for example, THERMINOL® 66 or other polyaromatic oils is added, and then silicon is pulverized in
a solvent environment as described above.
[0051] The suspension including the pulverized silicon may be continuously supplied into the reactor using a metering
pump. Here, in the suspension, silicon is not separated from the solvent.
[0052] In the reactor, alkoxysilane is synthesized by reaction of anhydrous ethyl alcohol and silicon. An alcohol known
in the art, such as methyl alcohol, other than anhydrous ethyl alcohol as set forth above, may be used. In the synthesis
reaction of alkoxysilane, a copper-based catalyst known in the art, such as copper (I) chloride, may also be used, and
the process is performed in an environment of solvent having a high boiling point. Here, the solvent used in the process
may include THERMINOL® 59, THERMINOL® 60, THERMINOL® 66, DOWTHERM® HT, MARLOTHERM® S, MARLO-
THERM®, other polyaromatic oils, and the like.
[0053] Impurities accumulated in the reactor are removed by continuously discharging the suspension again from the
reactor in the same amount as the suspension supplied into the reactor, whereby the synthesis reaction in the reactor
can be activated.
[0054] In order to ensure that a continuous and stable reaction is conducted, silicon is replenished in the same amount
as silicon consumed in the synthesis reaction of alkoxysilane by continuously supplying the suspension including pul-
verized silicon and the solvent to the reactor while the synthesis process of alkoxysilane is conducted. The amount of
silicon consumed in the synthesis reaction of alkoxysilane is determined by calculating an amount of synthesized alkox-
ysilane, and a numerical formula for the calculation is the same as Equation 1.
[0055] In order to prevent the decrease in reactivity caused by accumulation of impurities in a reaction environment,
the accumulated impurities may be removed from the reactor by continuously discharging the suspension from the
reactor to conduct an additional bleeding process. Here, the solvent is continuously supplied in a suspension state into
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the reactor such that the same amount as the amount of the discharged suspension is replenished again. By doing this,
a reaction product is continuously produced in the reactor.
[0056] The silicon particles before pulverization may have a particle size of 20 mm or more. For example, the silicon
particles before pulverization may have a particle size from 20 mm to 50 cm. Here, the term "size" in the silicon particles
before pulverization refers to the longest distance among distances between two points obtained when a straight line
crossing a center of gravity of one particle intersects a surface of the particle.
[0057] In the suspension continuously introduced into the reactor, a mass ratio of silicon to the solvent may range
from 1:2 to 2:1.
[0058] In the process of pulverization of silicon in a solvent environment, the wet pulverization process may be per-
formed by mixing the copper-based catalyst in an amount needed in the synthesis reaction of alkoxysilane with the
silicon particles beforehand.
[0059] When alkoxysilane of the catalyst for the synthesis reaction is added to a silicon raw material immediately
before pulverization thereof, the following characteristics are exhibited: First, it is possible to simultaneously pulverize
these two materials (silicon and catalyst) to the same size. Second, the two materials are uniformly mixed in the suspension
containing the solvent and pulverized in the above-described environment.
[0060] In addition, when the particles having a size of 20 mm or more before pulverization thereof are selected, it is
possible to prevent a considerable amount of the silicon particles with an oxide present on a surface thereof from being
introduced into a reaction mixture.
[0061] When the synthesis reaction of alkoxysilane is performed in the reactor, in order to stably maintain a ratio of
silicon, the solvent, and the catalyst before supplying the reactor with the suspension in a measured and predetermined
amount, stirring may be continuously performed.
[0062] A ceramic membrane may be mounted in a main body of the reactor, and impurities may be removed along
with the suspension by continuously discharging the suspension from the reactor using the ceramic membrane.
[0063] A size of pores in the ceramic membrane may range from 1 mm to 10 mm. Pores having a size less than 1 mm
make it difficult to perform a filtering process and pores having a size more than 10 mm allow the silicon particles having
reactivity to pass through the membrane, thereby increasing loss of silicon. If the size of the silicon particles is 30 mm
to 100 mm, a preferred pore size of the ceramic membrane is 5 mm, and the total loss of silicon is 0.5% or less.
[0064] The amount of the silicon particles, the amount of the solvent and the amount of the catalyst in the reactor may
be constantly maintained throughout the overall process of synthesis of alkoxysilane.
[0065] The method for preparing monosilane further includes: (d) separating synthesized triethoxysilane as a reaction
product from the reactor.
[0066] The method for preparing monosilane further includes: (f) purifying triethoxysilane separated by step (d).
[0067] A condensation process is performed for separation of triethoxysilane synthesized through the synthesis re-
action of alkoxysilane in the reactor as a reaction product, and during the condensation process, unreacted ethyl alcohol
and an azeotrope of triethoxysilane and ethyl alcohol may be continuously removed from the reaction product at atmos-
pheric pressure.
[0068] Therefore, the method for preparing monosilane further includes: (e) continuously removing unreacted anhy-
drous ethyl alcohol and an azeotrope of anhydrous ethyl alcohol and triethoxysilane from the reactor at atmospheric
pressure during the condensation process performed for separation of triethoxysilane of step (d).
[0069] Unreacted anhydrous ethyl alcohol and the azeotrope of anhydrous ethyl alcohol and triethoxysilane, which
are removed, may be continuously recycled to the reactor.
[0070] Unreacted anhydrous ethyl alcohol and the azeotrope of anhydrous ethyl alcohol and triethoxysilane, which
are removed, may be supplied from a lower side of the reactor.
[0071] Triethoxysilane obtained from the reaction product of the synthesis reaction of alkoxysilane is purified by a
method such as multi-stage distillation well known in the art, and then through a catalytic disproportionation reaction,
monosilane may be synthesized.
[0072] In the disproportionation reaction of triethoxysilane, the disproportionation reaction of triethoxysilane may be
performed at a temperature from 0°C to 50°C using sodium ethoxide directly prepared immediately before the dispro-
portionation reaction of triethoxysilane as a catalyst.
[0073] Monosilane is purified by a method of adsorbing impurities in monosilane using triethoxysilane at a temperature
of -140°C or less, and, when monosilane is supplied to a cold adsorbent in a liquid phase and the purification process
is performed in the direct flow mode, the established object may be achieved.
[0074] Therefore, the method for preparing monosilane may further include: (g) purifying monosilane by adsorbing
impurities in monosilane at a temperature of - 140°C or less using triethoxysilane. Here, purification of monosilane may
be performed at -140°C to -150°C.
[0075] Sodium ethoxide may be directly prepared through reaction of metallic sodium with anhydrous ethyl alcohol in
an inert gas immediately before the catalytic disproportionation reaction of triethoxysilane for synthesis of monosilane,
and then used as a catalyst of the catalytic disproportionation reaction of triethoxysilane. In the disproportionation reaction,
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the catalyst directly prepared in a state of an inert gas immediately before the process serves a positive role in the
synthesis rate and selectivity of monosilane during the disproportionation reaction and minimizes an influence of oxygen
and moisture in an ambient environment on a surface of sodium ethoxide particles.
[0076] A reaction for preparing sodium ethoxide is performed according to the following Reaction Equation 1.

[Reaction Equation 1] C2H5OH+Na=C2H5ONa+1/2H2

[0077] When the anhydrous ethyl alcohol is reacted in an amount in excess of the stoichiometric amount by 2 to 5
times in Reaction Equation 1, the object may be preferably achieved.
[0078] Tetraethoxysilane may be added to a sodium ethoxide solution produced under the atmospheric condition of
anhydrous ethyl alcohol by Reaction Equation 1. When tetraethoxysilane is added to the catalyst solution beforehand,
an influence of moisture in air can be blocked due to hydrophobicity of tetraethoxysilane.
[0079] Anhydrous ethyl alcohol may be distilled from the produced sodium ethoxide solution. Sodium ethoxide may
be dissolved in tetraethoxysilane. Sodium ethoxide may be supplied into a monosilane synthesis reactor in which mo-
nosilane is synthesized by the disproportionation reaction of triethoxysilane such that a mass ratio of sodium ethoxide
dissolved in tetraethoxysilane to tetraethoxysilane ranges from 1:100 to 1:2.
[0080] For example, in order to prepare the sodium ethoxide catalyst, sodium metal having a purity of 99.9% or more
is slowly dissolved in anhydrous ethyl alcohol in an amount larger than the stoichiometric amount by 2 to 5 times. Sodium
is completely dissolved and then tetraethoxysilane is added to the solution, the amount is set such that the mass ratio
of sodium ethoxide dissolved in tetraethoxysilane to tetraethoxysilane ranges from 1:100 to 1:2, and thereafter, ethyl
alcohol is separated from the solution, and a solution of sodium ethoxide in tetraethoxysilane is directly supplied to a
disproportionation reactor for synthesis of monosilane.
[0081] Triethoxysilane may be continuously supplied to the monosilane synthesis reactor at a rate ensuring that a
concentration of triethoxysilane can be constantly maintained in the monosilane synthesis reactor.
[0082] Monosilane gas may be continuously discharged from an upper portion of the monosilane synthesis reactor
and condensed in a collection vessel.
[0083] The monosilane gas synthesized in the monosilane synthesis reactor may be transferred to a cold adsorbent
in a liquid phase.
[0084] A portion of tetraethoxysilane in which the sodium ethoxide catalyst is dissolved may be discharged from a
lower portion of the monosilane synthesis reactor. That is, additional tetraethoxysilane produced as a result of the
disproportionation reaction of triethoxysilane and a portion of the sodium ethoxide catalyst are continuously separated
from the lower portion of the reactor, and separated by a method of distilling tetraethoxysilane from the solution. The
concentration of tetraethoxysilane is regulated to a value set to return tetraethoxysilane to the reactor through distillation.
5% to 50% of the sodium ethoxide solution is replaced with a catalyst solution directly prepared immediately before the
disproportionation process.
[0085] Tetraethoxysilane may be separated from the solution in which the sodium ethoxide catalyst is dissolved in
tetraethoxysilane, and distillation may be performed until sodium ethoxide reaches the concentration of the solution
being supplied into the monosilane synthesis reactor. The concentration of sodium ethoxide in the solution supplied into
the monosilane synthesis reactor is determined such that a mass ratio of sodium ethoxide dissolved in tetraethoxysilane
to tetraethoxysilane may range from 1:100 to 1:2.
[0086] A portion of the sodium ethoxide solution in tetraethoxysilane may be recycled to the monosilane synthesis
reactor.
[0087] Monosilane produced from the monosilane synthesis reactor is continuously collected, and then purified within
a liquid environment. When trialkoxysilane is used as an adsorbent, the content of impurities may be further decreased
by purifying monosilane at a lower temperature, thereby increasing adsorbing capacity.
[0088] Collecting tetraethoxysilane obtained in each process of the present invention, removing impurities, then first
using tetraethoxysilane for drying ethyl alcohol, and then using tetraethoxysilane in complete hydrolysis for preparation
of high-purity silicon dioxide (silica) and ethyl alcohol may also be additionally included in the preferred method of the
present invention.
[0089] In the method for preparing monosilane according to the present invention, the initial pulverization of silicon is
performed in a solvent environment, not under the air atmosphere, and in this case, the oxidation layer (SiO2) may be
naturally prevented from being produced on the surface of metal silicon when silicon particles are pulverized and then
contact oxygen in the atmosphere. The oxidation reaction may take place at any temperature including room temperature,
regardless of the chemical purity of silicon. When the pulverization of silicon is performed under the air atmosphere, or
when a powdered silicon raw material is generally in contact with air in another process, the oxidation reaction takes
place, and thus the initial reaction induction time is essentially generated during the synthesis reaction of triethoxysilane,
thereby prolonging the process time and decreasing productivity. Further, thin silicon particles have a strong moisture
adsorbing capacity and thus tend to adsorb moisture from the ambient environment. When moisture is introduced into
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the reaction environment, the likelihood of side reaction is sharply increased and a main reaction is suppressed.
[0090] On the contrary, when a natural oxide and moisture are present on the surface of pulverized silicon particles,
there are many difficulties in conducting a technical process using silicon and alcohol. One of the difficulties is that the
"induction period" of reaction, meaning the time taken until a certain initial yield is reached, is encountered.
[0091] Since silicon is pulverized in a solvent environment in the method proposed in the present invention, silicon
particles prepared as a result are not in contact with air and oxide is not generated, and subsequently, an activated
surface which may be used in a main chemical reaction is formed, and thus it is possible to eliminate major disadvantages
as set forth above. According to the technical solution in the present invention as described, an activated surface, which
is not covered with oxide, is produced and a preparation to participate in the chemical reaction is completed, and the
surface of the initial silicon particles is activated through a major reagent of the technical process.
[0092] Further, the size of particles specified in the method proposed in the present invention is relatively small and
thus is helpful in significantly decreasing the induction period, thereby increasing contact area between major reagents.
However, when silicon is pulverized in the air atmosphere, the induction period is increased and other negative charac-
teristics of the known methods are increased. As such, a natural oxide is produced on the surface of minutely pulverized
silicon, and when the particle size of silicon is decreased although its mount is maintained as the same, the total surface
area is sharply increased.
[0093] If the method for preparing monosilane according to the present invention is performed in a continuous process,
there are advantages in that the reaction mixture need not to be additionally replenished and that there is no need to
leave the suspension alone for a long period of time in order to allow components in the suspension to precipitate.
[0094] In addition, in the method proposed in the present invention, the suspension containing a precipitate is preferably
filtered using a ceramic membrane filter so as not to remove reactive silicon particles from the reactor.
[0095] Hereinafter, the present invention will be described in detail with reference to Examples.
[0096] The following Examples are designed to verify the advantages of the relevant examples by comparing various
methods (Examples 2 to 4) proposed for preparation of triethoxysilane with the known analogous methods performed
under the same experimental conditions explicitly described Example 1.
[0097] All experiments were conducted in the equipment specially manufactured for synthesis of alkoxysilane. The
synthesis of triethoxysilane was conducted in a reactor equipped with a quad blade stirrer, which could electrically heat
the reaction volume with an operating volume of 9 L and could regulate the stirring rate within the range from 300 rpm
to 1500 rpm. The procedure of the synthesis process was controlled by directly taking a sample from a product produced
from the reactor, analyzing the sample using an Agilent GC7890A gas chromatograph, and then using the apparatus.
[0098] Examples 5 and 6 show the selection of the optimum range of silicon particle size during the synthesis of
triethoxysilane.
[0099] Examples 7 to 10 show the selection of optimum conditions for preparation of monosilane.
[0100] In Example 11, the continuous mode that enables continuous preparation during synthesis of monosilane was
implemented.

Example 1

[0101] Silicon metal was pulverized in air using a planetary mill until the particle size thereof became 30 mm to 100
mm. 3.3 kg of pulverized silicon, 6.6 kg of a solvent, THERMINOL® 66, and 0.2 kg of the catalyst CuCl were put into a
reactor. The contact material was heated to 242+2°C while a stirrer is continuously operated at a rate of 850 rpm, and
dried alcohol (ethanol) began to be supplied to the reactor at a maximum rate of 600 mL/h using a metering pump (digital
dosing pump) GRUNDFOS® DME 60-10 AR. From the instant when a liquid product was produced from the reactor,
the sample was collected every 30 minutes. When observing a sample analysis using gas chromatography Agilent®
GC7890A, the synthesis reaction of triethoxysilane taking place as a result of reaction of silicon metal with ethyl alcohol
began to take place 150 minutes (initial induction period) after alcohol was supplied thereto, and the intensity of the
reaction was gradually increased (see the curve of Example 1 in FIG. 1). Thereafter, the reaction was terminated 500
minutes after supplying alcohol. 1435 g of triethoxysilane and 614 g of tetraethoxysilane were obtained for 500 minutes.
The selectivity of triethoxysilane was 70%.

Example 2

[0102] An experiment was conducted in the same manner as in Example 1, but the preparation environment of the
reaction reagent was completely different. According to the proposed method, 3.3 kg of silicon metal was continuously
pulverized in 6.6 kg of solvent, THERMINOL® 66. In the pulverization process, 0.2 kg of copper (I) chloride was introduced
into a liquid suspension. Alcohol was supplied to the reactor, and then the synthesis reaction began after the initial
reaction induction period of 10 minutes, the reaction rate increasing thereafter for 60 minutes (see the curve of Example
2 in FIG. 1). After 180 minutes, the synthesis reaction rate of triethoxysilane began to decrease, and the reaction was
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completely terminated 260 minutes after supplying alcohol. 1635 g of triethoxysilane and 105 g of tetraethoxysilane were
obtained. The selectivity of triethoxysilane reached 94%.

Example 3

[0103] An experiment was conducted in the same manner as in Example 2, but there is a significant difference in that
a continuous process was performed by continuously supplying a liquid suspension of silicon and solvent according to
the proposed method to a reactor, and the ratio of mass consumed during the reaction with ethyl alcohol was 1:2. That
is, during the synthesis process of alkoxysilane, a liquid suspension of silicon was supplied thereto at a rate suitable for
the consumption rate of silicon according to the reaction. The amount of silicon consumed per unit time was calculated
according to the mass balance equation of the following Equation 1. 

wherein mSi is a mass of silicon consumed as a result of direct reaction for unit time, mTES is a mass of triethoxysilane
prepared as a result of direct reaction for unit time, mTEOS is a mass of tetraethoxysilane prepared as a result of direct
reaction for unit time, coefficient k1 is a molecular weight ratio of silicon to triethoxysilane [molecular weight of silicon/mo-
lecular weight of triethoxysilane], and coefficient k2 is a molecular weight ratio of silicon to tetraethoxysilane [molecular
weight of silicon/molecular weight of tetraethoxysilane]. Here, k1=0.171 and k2=0.135, and these were experimentally
verified.
[0104] Alcohol was supplied to the reactor, and then synthesis reaction began after the initial reaction induction period
of 10 minutes. The reaction rate increased for the first 90 minutes, and then stabilized when the triethoxysilane level
reached 400 g/h (see the curve of Example 3 in FIG. 1). The reaction was forcefully stopped because a large amount
of bubbles began to be generated on the reaction product 250 minutes after supplying alcohol. A liquid suspension of
290 g of silicon and 580 g of the solvent, THERMINOL® 66, was continuously supplied to the reactor. The solvent was
additionally supplied thereto, and then the amount of the contact material in the reactor was increased, which was
responsible for the generation of bubbles. For 250 minutes of the reaction process, 1600 g of triethoxysilane and 120 g
of tetraethoxysilane were obtained. The selectivity of triethoxysilane was 93%.

Example 4

[0105] An experiment was conducted in the same manner as in Example 3, but there is fundamental difference in that
impurities accumulated in a reaction environment were continuously purified by continuously discharging the solvent
from the reaction volume through a ceramic membrane filter mounted in the main body of the reactor according to the
proposed method. The solvent in which impurities were dissolved was collected in a collection vessel, regenerated, and
then reused. A vacuum of 10 mbar was formed on the back of the membrane to conduct filtration through a ceramic
membrane filter. The solvent was continuously discharged through the ceramic membrane from the reactor, and the
amount was 2mSi as determined according to Equation 1, and corresponds to the amount of the solvent supplied to the
reactor as a liquid suspension. By doing this, the components of the contact material and the level of the contact material
in the reactor volume may be kept constant. The components of the contact material were regulated with the amount of
the sample collected, and the level of the contact material in the reactor volume was visually regulated through a test
window. After alcohol was supplied to the reactor, synthesis reaction began after the initial reaction induction period of
10 minutes, and the reaction rate rapidly increased for the first 60 minutes and slowly increased up to 120 minutes, and
then the rate was stabilized at a triethoxysilane level from 420 g/h to 450 g/h (see the curve of Example 4 in FIG. 1).
3380 g of triethoxysilane and 141 g of tetraethoxysilane were obtained while a liquid suspension composed of 600 g of
silicon and 1200 g of the solvent, THERMINOL® 66, was continuously supplied to the reactor for 500 minutes. The
selectivity of triethoxysilane reached 96%.
[0106] The results according to Examples 1 to 4 are shown in the following Table 1.
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Example 5

[0107] An experiment was conducted in the same manner as in Example 4, but there is a fundamental difference in
that silicon metal has a particle size of 100 mm or more.

Example 6

[0108] An experiment was conducted in the same manner as in Example 4, but there is a fundamental difference in
that silicon metal has a particle size of 30 mm or less.
[0109] The productivity and selectivity of the technical process are indicated and shown in the following Table 2 by
comparing the indices obtained in Example 4 were compared with those in Examples 5 and 6.

Example 7

[0110] Preparation was performed according to Example 4, and then 875 g of triethoxysilane purified until the purity
thereof became 99.999% was put into a reactor having a volume of 5 L. In the reactor, a solution of sodium ethoxide in
tetraethoxysilane was put beforehand. The catalyst solution contained 68 g of commercially available sodium ethoxide
manufactured by Sigma-Aldrich and 680 g of tetraethoxysilane. The temperature of the reaction material was 50°C. As
a result of catalytic disproportionation of triethoxysilane, prepared monosilane gas was discharged from the upper portion
of the reactor and condensed with liquid nitrogen in a collection vessel. A sample was collected from the reactor every
10 minutes, and then the components of the reaction material were analyzed by gas chromatography. The conversion
ratio of triethoxysilane into monosilane after 150 minutes was 95%.

Example 8

[0111] An experiment was conducted in the same manner as in Example 7, but there was a fundamental difference
in that sodium ethoxide directly prepared under an inert gas atmosphere was used as a catalyst immediately before the
synthesis process. When sodium metal having a purity of 99.9% or less was used during preparation of the catalyst,
sodium metal was slowly dissolved in anhydrous ethyl alcohol and collected in an amount greater than the stoichiometric
amount by 5 times. Sodium was completely dissolved in the solution and then 680 g of tetraethoxysilane was added
thereto, and thereafter, ethyl alcohol was separated from the solution and the solution of sodium ethoxide in tetraethox-
ysilane directly prepared immediately after separation was introduced into the reactor for synthesis of monosilane. The
peak of triethoxysilane disappeared 30 minutes after performing chromatography, and thus it was verified that the
conversion ratio of triethoxysilane into monosilane was 100%.

Example 9

[0112] An experiment was conducted in the same manner as in Example 8, but there is fundamental difference in that
the synthesis process of monosilane was conducted at a temperature of 30°C. After 30 minutes, the conversion ratio of
triethoxysilane into monosilane reached 99% or more.

Example 10

[0113] An experiment was conducted in the same manner as in Example 8, but there is a fundamental difference in
that the synthesis process was conducted at a temperature of 0°C, which ensures liquid nitrogen on the ventilation wall

[Table 2]

Example 5 Example 4 Example 6

Process parameter Particle size of 100 mm or 
more

Particle size from 30 mm to 100 
mm

Particle size of 30 mm or 
less

Process yield capacity 47% 100% 105%

Selectivity of 
triethoxysilane

92% 97% 93%

Loss of silicon during 
filtration

1% or less 1% or less 30% or more
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of the reactor. After 30 minutes, the conversion ratio of triethoxysilane into monosilane reached 95% or more.
[0114] Results of Examples 7 to 10 are shown in the following Table 3.

Example 11

[0115] An experiment was performed the same as in Example 8, but triethoxysilane was supplied into the reactor at
a constant rate of 2,000 mL/h using a metering pump (digital dosing pump), GRUNDFOS® DME 60-10 AR. A reactor
sample was tested by gas chromatography, and as a result, the content of triethoxysilane in the reaction material was
maintained in a range within 65%. Monosilane gas was continuously collected in a collection vessel, and condensed
on the wall of the collection vessel cooled with liquid nitrogen. At the exit of the reactor, monosilane gas was allowed to
pass through an adsorption trap, and thus ethoxysilane vapor was separated therefrom. Triethoxysilane cooled to -140°C
or less was transferred to a place at which monosilane in a liquid phase, which had been in the collection vessel, was
purified using an adsorbent. The contact time with the adsorbent was 15 minutes. Thereafter, monosilane was separated
from triethoxysilane through phase separation at a temperature of -80°C.
[0116] As a result of the above-described experiments through the Examples, the following results were confirmed
from FIG. 1 and Tables 1 to 3.

a) When silicon is pulverized in the air atmosphere (dry type, see Example 1 and the curve of Example 1 in FIG. 1),
an induction period of up to 150 minutes in Example 1 was inevitably generated. Additionally, the selectivity of
triethoxysilane failed to exceed 74% and the reaction was completely terminated 260 minutes from the instant when
anhydrous ethyl alcohol was supplied to the reactor, and thus there are restrictions on the duration of the reaction.
b) In the case of a proposed method (wet type, see Example 2 and the curve of Example 2 in FIG. 1) including
preparing silicon in a wet manner, in other words, when silicon is pulverized in a liquid environment without contact
with the atmosphere and the liquid suspension is applied immediately as solvent for the synthesis of alkoxysilane,
the induction period is decreased by at least 15 times and the selectivity of triethoxysilane is ensured at the level of
maximally 93%.
c) When the raw material is prepared in a wet manner, that is, silicon is pulverized according to a method (wet type,
see Example 3 and the curve of Example 3 in FIG. 1) proposing two characteristics that silicon is pulverized into
powder in a solvent environment and activation of the continuous process is ensured by continuously supplying a
mixture of silicon and the solvent according to the amount of Equation 1 to the reactor, the induction period is
decreased by 15 times or more, and process selectivity of triethoxysilane is increased to 94%. The preparation
process of Example 3 was intentionally left to stand (see the curve of Example 3 in FIG. 1) because the rate at the
instant when the reaction was intentionally left to stand, not when the reaction was terminated, was high enough to
be at the level of maximally 400 g/h. The reason why the process was left to stand was described above, and was
completely ruled out in Example 4.
d) When three characteristics of the invention explicitly described in the technical solution (claim 1) of the preparation
method proposed according to the present invention are simultaneously applied, that is, when implementing a
process of pulverizing silicon in a liquid environment, continuously supplying a reactor with a predetermined amount
of the prepared liquid suspension which is explicitly described in the method of the present invention, and removing
impurities accumulated from the reactor by continuously discharging the solvent, in an amount similar to the amount
of the solvent additionally supplied to the reactor as the component of the initial liquid suspension, from the reactor
while maintaining the amount of the solvent supplied and performing purification, the results as shown in Example
4, Table 1 and the curve of Example 4 in FIG. 1 are obtained.

[Table 3]

Example Catalyst
Temperature 

(°C)
Reaction duration 

(min)
Conversion ratio of 

triethoxysilane

7
Sodium ethoxide from 

Sigma-Aldrich 50 150 95%

8
Sodium ethoxide as 

prepared 50 30 100%

9
Sodium ethoxide as 

prepared 30 30 >99%

10
Sodium ethoxide as 

prepared 0 90 >95%
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[0117] The results are summarized as follows.

- The induction period is decreased by at least 15 times or more.
- The process selectivity of triethoxysilane which is a main product is ensured at the 96% level.
- A synthesis process may be performed by a continuous process that maintains a high and stable reaction rate.

e) As can be seen from the results explicitly described in Table 2, a particle size from 30 mm to 100 mm is
optimal for the triethoxysilane synthesis process according to the method of the present invention.
f) When the experiment is performed with the catalyst as prepared under the conditions in Example 4, the
following effects are ensured as can be seen in Examples 7 to 10.

- The productivity of the technical process is increased by decreasing the contact time with the reagent by 5 times or
more.

- The conversion ratio of triethoxysilane into monosilane reaches the maximum value.
g) Finally, when all the characteristics of the invention according to the method proposed in the present invention
are simultaneously implemented as in Example 11, it is possible to conduct synthesis of monosilane as a continuous
process that maintains a high and stable synthesis rate.

[0118] As described above, the technical solutions and embodiments, which are proposed in the present invention,
are essential and sufficient conditions in solving major technical problems of the invention. Conditions explicitly described
as preferred technology in the embodiments implement the technical solution according to the proposed method more
easily and preferably, and optimize performance conditions. The preparation method proposed according to the present
invention has excellent work performance, as was verified through the experiments, and when the known technical
means are appropriately used, feasibility is sufficient under laboratory conditions as well as at industrial scale.
[0119] Furthermore, there is an effect that may simplify and improve the process of preparing monosilane while ensuring
sustainability, operability, productivity and stability.

Claims

1. A method for preparing monosilane, comprising:

(a) performing wet pulverization of silicon particles in a liquid-phase solvent until the silicon particles have a
particle size of 30 mm to 100 mm;
(b) continuously supplying a suspension, which comprises the pulverized silicon particles obtained in step (a)
and the solvent, into a reactor, followed by synthesizing alkoxysilane of triethoxysilane and tetraethoxysilane
through reaction of the pulverized silicon particles with anhydrous ethyl alcohol using a copper-based catalyst
in a solvent environment which has been heated to 160 °C to 300 °C; and
(c) synthesizing monosilane gas from the obtained triethoxysilane using sodium ethoxide as a catalyst,

the method further comprising

(i) separating the synthesized triethoxysilane as a reaction product from the reactor,
(ii) continuously removing unreacted anhydrous ethyl alcohol and an azeotropic mixture of anhydrous ethyl
alcohol and triethoxysilane from the reactor at atmospheric pressure during a condensation process performed
for separation of triethoxysilane of step (i), and
(iii) purifying triethoxysilane separated by step (i).

2. The method according to claim 1, wherein, in step (a), the wet pulverization in a liquid-phase solvent environment
is performed while mixing a copper-based catalyst with the silicon particles.

3. The method according to claim 1, wherein, in step (b), the suspension, which comprises the pulverized silicon
particles obtained in step (a) and the solvent, is continuously supplied into the reactor so as to be replenished in
consideration of an amount of silicon consumed in synthesis reaction of alkoxysilane, and the amount of silicon
consumed in the synthesis reaction is calculated from an amount of synthesized alkoxysilane according to Equation 1: 
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where mSi is a mass of silicon consumed as a result of direct reaction for unit time, mTES is a mass of triethoxysilane
prepared as a result of direct reaction for unit time, mTEOS is a mass of tetraethoxysilane prepared as a result of
direct reaction for unit time, coefficient k1 is a molecular weight ratio of silicon to triethoxysilane [molecular weight
of silicon/molecular weight of triethoxysilane], and coefficient k2 is a molecular weight ratio of silicon to tetraethox-
ysilane [molecular weight of silicon/molecular weight of tetraethoxysilane] .

4. The method according to claim 1, further comprising:
(iv) purifying monosilane by adsorbing impurities in monosilane at a temperature from -150°C to -140°C using
triethoxysilane.

5. The method according to claim 4, wherein, in step (ii), the unreacted anhydrous ethyl alcohol and the azeotropic
mixture of anhydrous ethyl alcohol and triethoxysilane removed from the reaction product of step (i), are continuously
recycled to the reactor,
wherein the unreacted anhydrous ethyl alcohol or the azeotropic mixture of anhydrous ethyl alcohol and triethox-
ysilane is supplied from a lower side of the reactor.

6. The method according to claim 1, wherein sodium ethoxide prepared immediately before a disproportionation process
at a temperature of 0°C to 50°C is used as the catalyst.

7. The method according to claim 1, wherein sodium ethoxide directly prepared through reaction of sodium metal and
anhydrous ethyl alcohol under an inert gas atmosphere immediately before synthesis of the monosilane gas in step
(c) is used as the catalyst of step (c),

wherein in the reaction of sodium metal and anhydrous ethyl alcohol, the anhydrous ethyl alcohol is reacted in
an amount of 2 to 5 times the stoichiometric amount,
wherein, when the sodium ethoxide is directly prepared through reaction of the sodium metal and the anhydrous
ethyl alcohol, tetraethoxysilane is added to a solution of the sodium ethoxide produced in the anhydrous ethyl
alcohol environment,
wherein the anhydrous ethyl alcohol is distilled from the produced sodium ethoxide solution.

8. The method according to claim 1, wherein, in step (c), the sodium ethoxide is dissolved in tetraethoxysilane and
supplied into the monosilane synthesis reactor for synthesizing monosilane such that a mass ratio of sodium ethoxide
dissolved in tetraethoxysilane to tetraethoxysilane ranges from 1:100 to 1:2.

9. The method according to claim 1, wherein, in step (c), triethoxysilane is continuously supplied into the monosilane
synthesis reactor for synthesizing monosilane gas at a rate at which a concentration of triethoxysilane in reactants
in the monosilane synthesis reactor can be constantly maintained.

10. The method according to claim 1, wherein, in step (c), the monosilane gas is transferred to an adsorbent in a liquid
phase.

11. The method according to claim 1, wherein, in step (c), a portion of tetraethoxysilane, in which the catalyst of sodium
ethoxide is dissolved, is discharged from a lower side of the monosilane synthesis reactor.

12. The method according to claim 11, wherein tetraethoxysilane is separated from the solution, in which the catalyst
of sodium ethoxide is dissolved in tetraethoxysilane provided that distillation is performed until a mass ratio of sodium
ethoxide dissolved in tetraethoxysilane to tetraethoxysilane reaches a concentration of 1:100 to 1:2,
wherein a portion of the sodium ethoxide solution in tetraethoxysilane is recycled and supplied into the monosilane
synthesis reactor.

13. The method according to claim 1, wherein tetraethoxysilane obtained in each operation is collected, impurities are
removed, then tetraethoxysilane is first used for drying ethyl alcohol, and then tetraethoxysilane is used in a complete
hydrolysis for preparation of high-purity silicon dioxide (silica) and ethyl alcohol.

Patentansprüche

1. Verfahren zur Herstellung von Monosilan, umfassend:



EP 2 905 258 B1

16

5

10

15

20

25

30

35

40

45

50

55

(a) Durchführen von Nasspulverisierung von Siliziumpartikeln in einem Flüssigphasen-Lösungsmittel, bis die
Siliziumpartikel eine Partikelgröße von 30 mm bis 100 mm aufweisen;
(b) kontinuierliches Zuführen einer Suspension, die die in Schritt (a) erhaltenen pulverisierten Siliziumpartikel
und das Lösungsmittel umfasst, einem Reaktor, und anschließend Synthetisieren von Alkoxysilan aus Trietho-
xysilan und Tetraethoxysilan durch Umsetzung der pulverisierten Siliziumpartikel mit wasserfreiem Ethylalkohol
unter Verwendung eines auf Kupfer basierenden Katalysators in einer Lösungsmittelumgebung, die auf 160 °C
bis 300 °C erhitzt worden ist; und
(c) Synthetisieren von Monosilangas aus dem erhaltenen Triethoxysilan unter Verwendung von Natriumethoxid
als Katalysator,

wobei das Verfahren ferner umfasst

(i) Abtrennen des synthetisierten Triethoxysilans als Reaktionsprodukt aus dem Reaktor,
(ii) kontinuierliches Entfernen von nicht umgesetztem wasserfreiem Ethylalkohol und einer azeotropischen Mi-
schung von wasserfreiem Ethylalkohol und Triethoxysilan aus dem Reaktor bei atmosphärischem Druck wäh-
rend eines Kondensationsverfahrens, das für das Abtrennen von Triethoxysilan des Schritts (i) durchgeführt
worden ist, und
(iii) Reinigung von in Schritt (i) abgetrenntem Triethoxysilan.

2. Verfahren nach Anspruch 1, wobei, im Schritt (a), die Nasspulverisierung in einer Flüssigphasen-Lösungsmittelum-
gebung durchgeführt wird, während ein auf Kupfer basierender Katalysator mit den Siliziumpartikeln gemischt wird.

3. Verfahren nach Anspruch 1, wobei, in Schritt (b), die Suspension, die die in Schritt (a) erhaltenen pulverisierten
Siliziumpartikel und das Lösungsmittel umfasst, dem Reaktor kontinuierlich zugeführt werden, um unter Berück-
sichtigung einer Menge von in einer Synthesereaktion von Alkoxysilan verbrauchtem Silizium aufgefüllt zu werden,
und die in der Synthesereaktion verbrauchte Menge von Silizium aus einer Menge von synthetisiertem Alkoxysilan
gemäß der Gleichung 1 berechnet wird: 

wobei mSi eine Masse von Silizium ist, das als Ergebnis einer direkten Umsetzung für Zeiteinheit verbraucht wird,
mTES eine Masse von Triethoxysilan ist, das als Ergebnis einer direkten Umsetzung für Zeiteinheit hergestellt wird,
mTEOS eine Masse von Tetraethoxysilan ist, das als Ergebnis einer direkten Umsetzung für Zeiteinheit hergestellt
wird, Koeffizient k1 ein Molekulargewichtsverhältnis von Silizium zu Triethoxysilan [Molekulargewicht von Silizi-
um/Molekulargewicht von Triethoxysilan] ist, und Koeffizient k2 ein Molekulargewichtsverhältnis von Silizium zu
Tetraethoxysilan [Molekulargewicht von Silizium/Molekulargewicht von Tetraethoxysilan] ist.

4. Verfahren nach Anspruch 1, ferner umfassend:
(iv) Reinigung von Monosilan durch das Adsorbieren von Verunreinigungen in Monosilan bei einer Temperatur ab
-150 °C bis -140 °C unter Verwendung von Triethoxysilan.

5. Verfahren nach Anspruch 4, wobei, in Schritt (ii), der nicht umgesetzte wasserfreie Ethylalkohol und die azeotropische
Mischung von wasserfreiem Ethylalkohol und Triethoxysilan, die aus dem Reaktionsprodukt des Schritts (i) entfernt
wurden, an den Reaktor kontinuierlich recycelt werden,
wobei der nicht umgesetzte wasserfreie Ethylalkohol oder die azeotropische Mischung von wasserfreiem Ethylal-
kohol und Triethoxysilan von einer unteren Seite des Reaktors zugeführt wird.

6. Verfahren nach Anspruch 1, wobei Natriumethoxid, das unmittelbar vor einem Disproportionierungsverfahren bei
einer Temperatur von 0 °C bis 50 °C hergestellt wird, als der Katalysator verwendet wird.

7. Verfahren nach Anspruch 1, wobei Natriumethoxid, das durch die Umsetzung von Natriummetall und wasserfreiem
Ethylalkohol unter einer inerten Gasatmosphäre unmittelbar vor der Synthese des Monosilangases in Schritt (c)
direkt hergestellt ist, als der Katalysator des Schritts (c) verwendet wird, wobei bei der Umsetzung von Natriummetall
und wasserfreiem Ethylalkohol der wasserfreie Ethylalkohol in einer Menge von 2 Mal bis 5 Mal die stöchiometrische
Menge umgesetzt wird,

wobei, wenn das Natriumethoxid durch Umsetzung des Natriummetalls und des wasserfreien Ethylalkohols
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direkt hergestellt wird, Tetraethoxysilan zu einer Lösung des Natriumethoxids zugegeben wird, die in der was-
serfreien Ethylalkoholumgebung hergestellt ist,
wobei der wasserfreie Ethylalkohol aus der hergestellten Natriumethoxidlösung destilliert wird.

8. Verfahren nach Anspruch 1, wobei, in Schritt (c), das Natriumethoxid in Tetraethoxysilan gelöst wird und dem
Monosilan-Synthesereaktor zum Synthetisieren von Monosilan zugeführt wird, so dass ein Massenverhältnis von
in Tetraethoxysilan gelöstem Natriumethoxid zu Tetraethoxysilan im Bereich von 1:100 bis 1:2 liegt.

9. Verfahren nach Anspruch 1, wobei in Schritt (c), Triethoxysilan dem Monosilan-Synthesereaktor kontinuierlich zu-
geführt wird, um Monosilangas bei einer Geschwindigkeit zu synthetisieren, bei der eine Konzentration von Triet-
hoxysilan in Reaktanden in dem Monosilan-Synthesereaktor konstant gehalten werden kann.

10. Verfahren nach Anspruch 1, wobei, in Schritt (c), das Monosilangas an ein Adsorptionsmittel in einer Flüssigphase
übertragen wird.

11. Verfahren nach Anspruch 1, wobei, in Schritt (c), ein Anteil von Tetraethoxysilan, in dem der Katalysator von Nat-
riumethoxid gelöst ist, von einer unteren Seite des Monosilan-Synthesereaktors ausgetragen wird.

12. Verfahren nach Anspruch 11, wobei Tetraethoxysilan von der Lösung abgetrennt wird, in der der Katalysator von
Natriumethoxid in Tetraethoxysilan gelöst ist, vorausgesetzt, dass eine Destillation durchgeführt wird, bis ein Mas-
senverhältnis von in Tetraethoxysilan gelöstem Natriumethoxid zu Tetraethoxysilan eine Konzentration von 1:100
bis 1:2 erreicht,
wobei ein Anteil der Natriumethoxidlösung in Tetraethoxysilan recycelt wird und dem Monosilan-Synthesereaktor
zugeführt wird.

13. Verfahren nach Anspruch 1, wobei Tetraethoxysilan, das bei jedem Vorgang erhalten worden ist, aufgesammelt
wird, Verunreinigungen entfernt werden, Tetraethoxysilan dann zunächst für die Trocknung von Ethylalkohol ver-
wendet wird, und Tetraethoxysilan dann in einer vollständigen Hydrolyse für die Herstellung von hoch-gereinigtem
Siliziumdioxid (Silica) und Ethylalkohol verwendet wird.

Revendications

1. Procédé de préparation de monosilane, comprenant les étapes consistant à :

(a) effectuer une pulvérisation humide de particules de silicium dans un solvant en phase liquide jusqu’à ce
que les particules de silicium aient une taille de particule de 30 mm à 100 mm ;
(b) introduire en continu une suspension qui comprend les particules de silicium pulvérisées obtenues à l’étape
(a) et le solvant dans un réacteur, puis synthétiser un alcoxysilane de triéthoxysilane et de tétraéthoxysilane
par la réaction des particules de silicium pulvérisées avec de l’alcool éthylique anhydre en utilisant un catalyseur
à base de cuivre dans un environnement de solvant qui a été chauffé à 160°C à 300°C ; et
(c) synthétiser du monosilane gazeux à partir du triéthoxysilane obtenu en utilisant de l’éthoxyde de sodium en
tant que catalyseur,

le procédé comprenant en outre les étapes consistant à :

(i) séparer le triéthoxysilane synthétisé en tant que produit de réaction provenant du réacteur,
(ii) éliminer en continu l’alcool éthylique anhydre non réagi et un mélange azéotropique d’alcool éthylique
anhydre et de triéthoxysilane provenant du réacteur à pression atmosphérique pendant un processus de con-
densation effectué pour la séparation du triéthoxysilane de l’étape (i), et
(iii) purifier le triéthoxysilane séparé par l’étape (i).

2. Procédé selon la revendication 1, dans lequel, à l’étape (a), la pulvérisation humide dans un environnement de
solvant en phase liquide est effectuée tout en mélangeant un catalyseur à base de cuivre avec les particules de
silicium.

3. Procédé selon la revendication 1, dans lequel, à l’étape (b), la suspension, qui comprend les particules de silicium
pulvérisées obtenues à l’étape (a) et le solvant, est alimentée en continu dans le réacteur de manière à être renou-
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velée en tenant compte d’une quantité de silicium consommé dans la réaction de synthèse d’alcoxysilane, et la
quantité de silicium consommée dans la réaction de synthèse est calculée à partir d’une quantité d’alcoxysilane
synthétisé selon l’équation 1: 

dans laquelle mSi est un masse de silicium consommée à la suite d’une réaction directe pendant une unité de
temps, mTES est une masse de triéthoxysilane préparée à la suite d’une réaction directe pendant une unité de
temps, mTEOS est une masse de tétraéthoxysilane préparée à la suite d’une réaction directe pendant une unité
de temps, le coefficient k1 est un rapport de poids moléculaire du silicium au triéthoxysilane [poids moléculaire du
silicium/poids moléculaire du triéthoxysilane], et le coefficient k2 est un rapport du poids moléculaire du silicium au
tétraéthoxysilane [poids moléculaire du silicium / poids moléculaire du tétraéthoxysilane].

4. Procédé selon la revendication 1, comprenant en outre l’étape consistant à
(iv) purifier le monosilane en adsorbant les impuretés dans le monosilane à une température de -150°C à -140°C
en utilisant du triéthoxysilane.

5. Procédé selon la revendication 4, dans lequel, à l’étape (ii), l’alcool éthylique anhydre non réagi et le mélange
azéotropique d’alcool éthylique anhydre et de triéthoxysilane retiré du produit de réaction de l’étape (d) sont recyclés
en continu vers le réacteur,
dans lequel l’alcool éthylique anhydre non réagi ou le mélange azéotropique d’alcool éthylique anhydre et de trié-
thoxysilane est alimenté à partir d’un côté inférieur du réacteur.

6. Procédé selon la revendication 1, dans lequel l’éthoxyde de sodium préparé immédiatement avant un processus
de disproportionation à une température de 0°C à 50°C est utilisé en tant que catalyseur.

7. Procédé selon la revendication 1, dans lequel l’éthoxyde de sodium directement préparé par la réaction de sodium
métallique et d’alcool éthylique anhydre sous une atmosphère de gaz inerte immédiatement avant la synthèse du
monosilane gazeux à l’étape (c) ne soit utilisé en tant que catalyseur de l’étape (c),

dans lequel, dans la réaction du sodium métallique et de l’alcool éthylique anhydre, l’alcool éthylique anhydre
est mis à réagir 2 fois à 5 fois plus en quantité que la quantité stœchiométrique,
dans lequel, lorsque l’éthoxyde de sodium est directement préparé par la réaction du sodium métallique et de
l’alcool éthylique anhydre, le tétraéthoxysilane est ajouté à une solution de l’éthoxyde de sodium produit dans
l’environnement d’alcool éthylique anhydre,
dans lequel l’alcool éthylique anhydre est distillé à partir de la solution d’éthoxyde de sodium produite.

8. Procédé selon la revendication 1, dans lequel, à l’étape (c), l’éthoxyde de sodium est dissous dans du tétraéthoxy-
silane et introduit dans le réacteur de synthèse de monosilane pour synthétiser le monosilane si bien qu’un rapport
massique d’éthoxyde de sodium dissous dans du tétraéthoxysilane sur le tétraéthoxysilane est compris dans la
plage de 1:100 à 1:2.

9. Procédé selon la revendication 1, dans lequel, à l’étape (c), le triéthoxysilane est alimenté en continu dans le réacteur
de synthèse de monosilane pour synthétiser du monosilane gazeux à une vitesse à laquelle une concentration de
triéthoxysilane dans les réactifs dans le réacteur de synthèse de monosilane peut être constamment maintenue.

10. Procédé selon la revendication 1, dans lequel, à l’étape (c), le monosilane gazeux est transféré sur un adsorbant
en phase liquide.

11. Procédé selon la revendication 1, dans lequel, à l’étape (c), une portion de tétraéthoxysilane, dans laquelle le
catalyseur d’éthoxyde de sodium est dissous, est déchargée d’un côté inférieur du réacteur de synthèse de mono-
silane.

12. Procédé selon la revendication 11, dans lequel le tétraéthoxysilane est séparé de la solution, dans laquelle le
catalyseur d’éthoxyde de sodium est dissous dans le tétraéthoxysilane à condition que la distillation soit effectuée
jusqu’à ce qu’un rapport massique d’éthoxyde de sodium dissous dans le tétraéthoxysilane au tétraéthoxysilane
atteigne une concentration de 1:100 à 1:2,
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dans lequel une partie de la solution d’éthoxyde de sodium dans le tétraéthoxysilane est recyclée et introduite dans
le réacteur de synthèse de monosilane.

13. Procédé selon la revendication 1, dans lequel le tétraéthoxysilane obtenu dans chaque opération est collecté, les
impuretés sont éliminées, puis le tétraéthoxysilane est d’abord utilisé pour sécher l’alcool éthylique, puis le tétraé-
thoxysilane est utilisé dans une hydrolyse complète pour la préparation de dioxyde de silicium (silice) de haute
pureté et de l’alcool éthylique.
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