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DESCRIPTION 

 

CATALYST FOR PRODUCING HIGHER SILANE AND  

PROCESS FOR PRODUCING HIGHER SILANE 

 5 

Technical Field 

[0001] 

  The present invention relates to a catalyst for producing 

a higher silane, and a process for producing a higher silane.   

 10 

Background Art 

[0002] 

  With recent advancement in electronics industry, there has 

been rapid increase in demand for silicon-based thin films used 

for the production of semiconductors, such as polycrystalline 15 

silicon thin films or amorphous silicon thin films.  These days, 

the importance of monosilane (SiH4) and higher silanes (SinH2n+2; 

n is an integer of 2 or more) such as disilane (Si2H6) have been 

increasing as raw materials used to produce those silicon-based 

thin films used for the production of semiconductors.  The demand 20 

for disilane, in particular, is expected to significantly increase 

as a raw material of silicon-based thin films used for the 

production of microfabricated latest semiconductors.   

 Hitherto known processes for producing a higher silane such 
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as disilane include:  

[0003] 

 (1) a production process utilizing hydrogen reduction of 

silicon using hydrogen sulfide or a metal sulfide as a catalyst 

(Patent Literature 1); (2) a production process utilizing the 5 

reduction of a silicon chloride compound (Patent Literature 2); 

(3) a production process utilizing the reaction between a silicon 

oxide having a silicon-hydrogen bond or a silicon-silicon bond, 

and a hydride, an alkoxide or an amalgam of an alkali metal or 

an alkali earth metal, (Patent Literature 3); (4) a production 10 

process utilizing the decomposition of magnesium silicide with 

an acid (Patent Literature 4); (5) a production process utilizing 

the discharge in a monosilane gas (Patent Literature 5); and (6) 

a production process utilizing the condensation of monosilane 

using a transition metal complex as a catalyst (Patent Literature 15 

6).   

[0004] 

  Production processes are also reported in which a lower 

silane is subjected to, for example, thermal treatment in order 

to be converted to a higher silane (Patent Literatures 7, 8 and 20 

9).  In these techniques, for example, monosilane is thermally 

treated at 350 to 550°C to produce a higher silane.   

[0005] 

  In another known production process, thermal treatment is 
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carried out with the use of a catalyst which is alumina, a composite 

oxide containing alumina, or an alumina containing a noble metal 

element such as palladium and rhenium; in which technique, 

disilane is produced from monosilane at a temperature as low as 

about 300°C (Patent Literature 10).   5 

[0006] 

  In the production of the silicon-based thin films used for 

materials like semiconductors, there is continuing demand for 

technology that fulfills not just economic efficiency but also 

allows for stable and efficient production on an industrial scale.   10 
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Summary of the Invention 

Technical Problem 

[0008] 

  As described above, several methods are known for producing 5 

a higher silane (for example, disilane provided when a lower silane 

used as a raw material is monosilane).  In the production by the 

thermal treatment of monosilane, the temperature which has 

conventionally needed to be high ranging from 350 to 500°C has 

now been able to be lower to be around 300°C by the co-presence 10 

of a catalyst.  Higher temperature at which monosilane is treated 

causes easier severing of a silicon-hydrogen bond and occurrence 

of a silicon-silicon bond, resulting in increased reactivity of 

monosilane, but promotes a higher silane produced, e.g., disilane, 

to become a much higher silane, and if this proceeds too far, a 15 

powdery or film-like solid silicon is produced.  This would reduce 

the selectivity of the higher silane which is a desired target 

product, e.g., disilane, and moreover the deposition of that solid 

silicon in a reaction system including a reactor would induce 

problems such as the clogging of lines in the system.  Thus, 20 

lowering the treatment temperature by the use of catalysts is 

preferable in view of the selectivity of the target product and 

the inhibition of the precipitation of powders.  In known methods, 

however, the selectivity of higher silanes (for example, disilane 
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provided when a lower silane used as a raw material is monosilane) 

is still unsatisfactory, and elevating the treatment temperature 

in order to promote the reaction unfavorably leads to the powders 

being produced in a larger amount.   

[0009] 5 

  In view of the above, an object of the present invention 

is to provide a catalyst, used in the reaction where a lower silane 

is converted to a higher silane, for a production achieving a high 

selectivity of a target product with inhibited occurrence of 

powders, as well as provide a process using the catalyst for 10 

producing a higher silane. 

 

Technical Solution 

[0010] 

 In order to remedy the above-identified problem, the present 15 

inventors considered the need for catalysts promoting the reaction 

at a lower temperature, focused on solid catalysts which are easily 

separable in a gas-phase reaction, and explored various solid 

compounds.   

[0011] 20 

  As a result, it has been found that using, as the catalyst 

for producing a higher silane from a lower silane (for example, 

monosilane), a solid catalyst which is a specific porous material 

whose surfaces have regularly arranged pores with their sizes 
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uniform to some degree and which includes acid sites with 

controlled strength and distribution, beneficially leads to 

lowering the temperature of the thermal treatment, and is highly 

effective in inhibiting the occurrence of solid silicon and 

improving the selectivity of the target product.  The present 5 

invention has been completed based on this finding. 

[0012] 

  That is, the present invention is directed to a catalyst 

for producing a higher silane and to a process using the catalyst 

for producing a higher silane, including the following aspects 10 

[1] to [19].   

 [1]  A catalyst for producing a higher silane which 

comprises a porous oxide and which by being contacted with a lower 

silane converts the lower silane to the higher silane having more 

silicon than the lower silane, wherein the porous oxide has at 15 

least regularly arranged pores and is primarily composed of 

silicon oxide, wherein a content of alkali metals and alkali earth 

metals in the porous oxide is not less than 0.00 wt% and not more 

than 2.00 wt%.   

 [2]  The catalyst for producing a higher silane described 20 

in [1], wherein the porous oxide has a pore diameter of not less 

than 0.4 nm and not more than 0.6 nm.   

 [3]  The catalyst for producing a higher silane described 

in [1] or [2], wherein the pore of the porous oxide is composed 
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of an 8 to 12-membered oxygen ring.   

 [4]  The catalyst for producing a higher silane described 

in any one of [1] to [3], wherein the porous oxide has a crystalline 

zeolite structure formed from aluminosilicate or 

metallosilicate.   5 

 [5]  The catalyst for producing a higher silane described 

in [4], wherein the crystalline zeolite structure is at least any 

one of BEA-type, FER-type, LTA-type, MFI-type, MOR-type and 

MWW-type. 

 [6]  The catalyst for producing a higher silane described 10 

in [4] or [5], wherein alkali metal ions or alkali earth metal 

ions compensating for a negative charge of the aluminosilicate 

or metallosilicate skeleton in the porous oxide are substituted 

with hydrogen ions. 

 [7]  The catalyst for producing a higher silane described 15 

in any one of [4] to [6], wherein the porous oxide is 

aluminosilicate, and a SiO2/Al2O3 molar ratio in the porous oxide 

is not less than 10 and not more than 3,000.  

 [8]  The catalyst for producing a higher silane described 

in [7], wherein the SiO2/Al2O3 molar ratio is not less than 20 and 20 

not more than 2,000.   

 [9] A process for producing a higher silane comprising 

bringing a lower silane into contact with the catalyst for 

producing a higher silane described in any one of [1] to [8] thereby 
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converting the lower silane to the higher silane having more 

silicon than the lower silane.   

 [10]  The process for producing a higher silane described 

in [9], wherein the lower silane is brought into contact with the 

catalyst for producing the higher silane at a temperature lower 5 

than a temperature at which the higher silane starts to be 

substantially produced through thermal decomposition of the lower 

silane under conditions where no catalysts are present.   

 [11]  The process for producing a higher silane described 

in [9], wherein the temperature at which the lower silane is 10 

brought into contact with the catalyst for producing a higher 

silane is not lower than 100°C and not higher than 400°C.   

 [12]  The process for producing a higher silane described 

in [11], wherein the temperature is not lower than 120°C and not 

higher than 350°C.   15 

 [13]  The process for producing a higher silane described 

in [11], wherein the temperature is not lower than 140°C and not 

higher than 300°C.   

 [14]  The process for producing a higher silane described 

in any one of [9] to [13], wherein the lower silane is supplied 20 

by a raw material gas including a lower silane, and a concentration 

of the lower silane in the raw material gas is not less than 50 

vol% and not more than 100 vol%.   

 [15]  The process for producing a higher silane described 
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in any one of [9] to [14], wherein the lower silane is monosilane, 

and the higher silane is disilane and trisilane.   

 [16]  The process for producing a higher silane described 

in any one of [9] to [14], wherein the lower silane is monosilane, 

and the higher silane is disilane.   5 

 [17]  The process for producing a higher silane described 

in any one of [9] to [14], wherein the lower silane is disilane, 

and the higher silane is trisilane.   

 [18]  The process for producing a higher silane described 

in any one of [9] to [14], comprising a step of subjecting the 10 

catalyst for producing a higher silane to an activation treatment 

using a hydrogen-containing gas.   

 [19]  The process for producing a higher silane catalyst 

described in [18], wherein at the step of subjecting the catalyst 

for producing a higher silane to an activation treatment using 15 

a hydrogen-containing gas, the treatment temperature is not less 

than 20°C.   

 

Effects of the Invention 

[0013] 20 

 According to the catalyst for producing a higher silane of 

the present invention, a reaction of converting a lower silane 

to a higher silane can be allowed to proceed at a relatively low 

temperature, while the occurrence of solid silicon is inhibited 
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and the selectivity of the higher silane being a target product 

is increased.   

 

Brief Description of Drawing 

[0014] 5 

[Fig. 1] Fig. 1 shows a schematic view of an experiment apparatus.   

 

Description of Embodiments 

[0015] 

  Hereinafter, embodiments according to the present invention 10 

will be described in detail.   

  The present invention includes a catalyst for producing a 

higher silane compound through a reaction of a lower silane at 

a relatively low temperature, and a process using the catalyst 

for producing a higher silane from a lower silane. 15 

[0016] 

(Catalyst for producing a higher silane) 

  The catalyst used for producing a higher silane from a lower 

silane in the present invention comprises a porous oxide.  The 

porous oxide is primarily composed of silicon oxide, wherein its 20 

content is preferably not less than 60 wt% and not more than 100 

wt%.  Components contained therein other than silicon oxide are 

not particularly limited as long as being those generally 

contained as catalyst carriers.  Examples thereof include 
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aluminum oxide, titanium oxide, zirconium oxide, zinc oxide, 

magnesium oxide, iron oxide, boron oxide and gallium oxide.  These 

components contained may be physically mixed with silicon oxide, 

or may be chemically formed into a composite (composite oxide).   

[0017] 5 

  The porous oxide containing silicon oxide as a main 

component in the present invention has uniform pores.  The uniform 

pores used herein refer to regularly arranged pores, wherein the 

diameter of the regularly arranged pores is preferably not less 

than 0.4 nm and not more than 0.6 nm.  The pore of the porous oxide 10 

can be determined by nitrogen absorption method.  In examples of 

the present invention, values indicated in Atlas of Zeolite 

Framework Types, Sixth revised edition (Elsevier) of 

International Zeolite Association were used.  In the case where 

the pores have multiple diameters, and when there is at least one 15 

diameter falling in the range of from 0.4 nm to 0.6 nm, that 

diameter is described.   

[0018] 

  The pore of the catalyst containing silicon oxide as a main 

component in the present invention is formed by repeating bonds 20 

each including a silicon-oxygen bond and another element (for 

example, aluminum, titanium, zirconium, magnesium, zinc, and the 

like)-oxygen bond which is incorporated as needed into the 

skeleton formed by that silicon-oxygen bond.  When structures of 
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the bonds are the same, sizes of the pore diameters can be expected 

to be the same.  In the present invention, it is preferred that 

the pore of the porous oxide is composed of an 8 to 12-membered 

oxygen ring, since a pore diameter to be provided when the number 

of oxygen atoms is from 8 to 12, i.e., an 8 to 12-membered oxygen 5 

ring, has a size which is substantially a target size.  If multiple 

kinds of rings are present in a single compound, it is preferred 

that the ring having the largest number of oxygen atoms is the 

8 to 12-membered oxygen ring.   

[0019] 10 

  The catalyst needs to have pores and in addition their sizes 

need to be controlled, as described above, for reasons believed 

to be that the presence of such pores in the catalyst allows the 

reaction of converting a lower silane to a higher silane to proceed 

within those pores promptly since the catalyst has a surface area 15 

increased, and the pores with their sizes controlled moderately 

contributes to improved selectivity of a higher silane which is 

a target product (for example, disilane). 

[0020] 

  The content of alkali metals and alkali earth metals 20 

contained in the porous oxide constituting the catalyst of the 

present invention is not less than 0.00 wt% and not more than 2.00 

wt%, and preferably is not less than 0.00 wt% and not more than 

1.00 wt%, more preferably being not more than 0.5 wt%.  The above 
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values are contents of alkali metals and alkali earth metals 

regarded as metals contained in the catalyst, and can be measured 

by a method such as ICP Optical Emission Spectrometry, ICP Mass 

Spectrometry and Atomic Absorption Spectrometry.   

[0021] 5 

 In the case, for example, where a substance containing a 

silicate such as an alkali metal silicate or an alkali earth metal 

silicate is used as a raw material for producing the silicon oxide 

employed in the catalyst of the present invention, the raw material 

contains the alkali metal or the alkali earth metal in the form 10 

of ions, so that the silicon oxide used in the present invention 

can contain an alkali metal or an alkali earth metal.  By treating 

the silicon oxide with an acid, the alkali metal ions or alkali 

earth metal ions are removed and are replaced by hydrogen ions 

in order that electrical neutrality is kept.  The hydrogen ions 15 

function as Broensted acid: controlling their amount leads to 

controlling not just the distribution of acid amount but also acid 

strength.  It is presumed that the reaction of converting a lower 

silane to a higher silane in the present invention is promoted 

by the presence of acid sites, and that depending on the strength 20 

and the distribution of acid sites, change is brought about in 

the reaction speed and the selectivity in the reaction.   

[0022] 

  The porous oxide used for the catalyst of the present 
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invention has uniform and regular pores as described above, 

wherein it is preferred that the porous oxide is crystalline, and 

regularly arranged pores attributed to that crystalline structure 

are formed.  In this case, while silicon oxide (silicon-oxygen 

bond) alone can form the crystal, the crystal may have aluminum 5 

or other metals, if any, incorporated therein.  As such 

crystalline porous oxides primarily containing silicon oxide, 

aluminosilicate containing aluminum and silicon; and a 

metallosilicate containing a metal other than aluminum (for 

example, titanium, zirconium, zinc, iron, boron, gallium and the 10 

like) and silicon, are known.  Of these crystalline silicon oxides, 

crystalline zeolites are preferred in terms of having uniform 

pores.   

[0023] 

  The crystalline zeolites used preferably as the catalyst 15 

of the present invention generally have a composition represented 

by the following formula (I).   

  (M
1
,M

2
1/2)m(AlmSinO2(m+n))∙xH2O (I) 

 In the formula (I), M
1
 is an alkali metal ion such as Li

+
, 

Na
+
 and K

+
 or a hydrogen ion; M

2
 is an alkali earth metal ion such 20 

as Ca
2+
, Mg

2+
 and Ba

2+
; and m and n are each an integer, n≥m; and 

x is an integer.   

[0024] 

  In the above zeolites, cations of M1 and M2 have a composition 
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which compensates for the negative charge of the aluminosilicate 

skeleton formed by AlmSinO2(m+n).  Fundamental structures of the 

zeolites are tetrahedron structures of SiO4 or AlO4 that range 

infinitely in three-dimensional directions to form the crystal.  

The above zeolites may have a metallosilicate skeleton in which 5 

at least part of an aluminum element of the formula (I) is 

substituted with another element such as zinc, iron, boron, 

gallium and phosphorus.  Zeolites may be used which have a 

skeleton in which at least part of a silicon element of the above 

zeolites is substituted with another element.   10 

[0025] 

  While the above zeolites may be natural ones (naturally 

occurring zeolites), synthetic zeolites, which have high 

regularity, are preferred in terms of the use as the catalyst.  

Synthetic zeolites are generally produced by using a silica source, 15 

which is, for example, water glass, sodium silicate, colloidal 

silica and the like; mixing this with a compound giving an alumina 

source, or with a compound giving a source of an oxide of the 

above-mentioned element such as iron, boron, titanium, gallium 

and phosphorus; and subjecting the mixture to hydrothermal 20 

synthesis in an aqueous alkali solution.  The zeolite produced 

by the hydrothermal synthesis, as it is, remains to have an alkali 

metal such as sodium and potassium, as represented in the formula 

(I), and when used at this state through its contact with a lower 
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silane for conversion to a higher silane, the catalytic activity 

is low. 

[0026] 

  In the present invention, as described above, it is 

necessary in the zeolite represented by the formula (I) that the 5 

whole or at least part of alkali metal ions and alkali earth metal 

ions is substituted with hydrogen ions by e.g., ion exchange, and 

consequently the content of the alkali metals and the alkali earth 

metals is not less than 0.00 wt% and not more than 2.00 wt%.  The 

silicon oxide (typically, zeolite), by virtue of the above, is 10 

presumed to have acid sites exhibiting on its surfaces, thus having 

catalytic activity.  The crystalline structure varies depending 

on its synthesis conditions. Since change in the structure leads 

to change in regularity, acid distribution and strength, too, are 

also expected to vary.  In fact, difference in the skeleton 15 

structure leads to difference in reactivity of silanes.   

[0027] 

  Skeleton structures of the zeolites are included in the 

database made by International Zeolite Association, each 

represented by a structure code of three capital letters of 20 

alphabet.  Examples of the zeolites include BEA-type zeolite, 

FER-type zeolite, LTA-type zeolite, MFI-type zeolite, MOR-type 

zeolite, MWW-type zeolite, LTL-type zeolite, FAU-type zeolite, 

ERI-type zeolite, CHA-type zeolite and OFF-type zeolite.   
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[0028] 

  Among the zeolites, in terms of achieving good reaction of 

converting a lower silane to a higher silane, BEA-type zeolite, 

FER-type zeolite, LTA-type zeolite, MFI-type zeolite, MOR-type 

zeolite and MWW-type zeolite are preferred; and MFI-type zeolite 5 

is more preferred.  These zeolites are presumed to have an acid 

distribution and acid strength appropriate for the above reaction.   

[0029] 

  Examples of the BEA-type zeolite include β-type zeolite.  

Examples of the FER-type zeolite include ferrierite.  Examples 10 

of the LTA-type zeolite include A-type zeolite.  Examples of the 

MFI-type zeolite include ZSM-5.  Examples of the MOR-type zeolite 

include mordenites.  Examples of the MWW-type zeolite include 

MCM-22.  Examples of the LTL-type zeolite include L-type zeolite.  

Examples of the FAU-type zeolite include X-type zeolite, Y-type 15 

zeolite and faujasite.  Examples of the ERI-type zeolite include 

erionite.  Examples of the CHA-type zeolite include chabazite.  

Examples of the OFF-type zeolite include offretite.  Of these 

zeolites, MFI-type zeolite is more preferreed.   

[0030] 20 

  When the porous oxide of the present invention is a 

crystalline oxide containing aluminosilicate or metallosilicate, 

it is preferred that part or the whole of alkali metal ions or 

alkali earth metal ions compensating for the negative charge of 
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the aluminosilicate or metallosilicate skeleton in the porous 

oxide is substituted with hydrogen ions.  The amount of hydrogen 

ions contained in aluminosilicate or metallosilicate can be 

calculated by subtracting the total amount of alkali metal ions 

and alkali earth metal ions contained in aluminosilicate or 5 

metallosilicate from the total amount of ions necessary to 

compensate for the negative charge of the aluminosilicate or 

metallosilicate skeleton to keep electrical neutrality.  Since 

hydrogen ions function as an acid as described above, the amount 

of hydrogen ions calculated represent the amount of acid contained 10 

in the porous oxide.   

[0031] 

  When the porous oxide of the present invention is a 

crystalline oxide containing aluminosilicate or metallosilicate 

(typically, zeolite), the conversion to hydrogen ions of alkali 15 

metal ions or alkali earth metal ions contained in aluminosilicate 

or metallosilicate in the porous oxide can be conducted in a way 

conforming or equivalent to publicly known methods.  For example, 

the silicon composite oxide containing the alkali metal ions or 

alkali earth metal ions may be treated with an ammonium salt 20 

solution whereby the alkali metal ions or alkali earth metal ions 

are exchanged for ammonium ions, followed by calcining at high 

temperature, resulting in having the alkali metal ions or alkali 

earth metal ions substituted with hydrogen ions.   
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[0032] 

 The crystalline oxide (typically, zeolite) containing 

aluminosilicate or metallosilicate in which the alkali metal ions 

or alkali earth metal ions are substituted with hydrogen ions, 

which can be obtained by the ion exchange method described above, 5 

may be obtained, for example, by using a silica source such as 

fine powder silica, colloidal silica and tetraethoxysilane 

(TEOS); mixing this with a compound giving an alumina source such 

as metal aluminum, aluminum sulfate, aluminum nitrate and sodium 

aluminate, or with a compound giving a source of an oxide of the 10 

above-mentioned element such as iron, boron, titanium, phosphorus 

and gallium; and blending the mixture with an organic 

structure-directing agent such as a quaternary ammonium salt, and 

water, and subjecting the mixture to hydrothermal synthesis.   

[0033] 15 

  Where the silicon oxide used as the catalyst of the present 

invention contains aluminum, typically aluminosilicate, a 

SiO2/Al2O3 molar ratio may be an arbitrary value, but is usually 

not less than 5, preferably not less than 10, and more preferably 

not less than 20, and is usually not more than 5,000, preferably 20 

not more than 3,000, and more preferably not more than 2,000.  By 

the SiO2/Al2O3 molar ratio falling within the range, an acid 

strength tends to be preferable for the reaction of producing 

higher silanes such as disilane.  The SiO2/Al2O3 molar ratio can 
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be determined, for example, by fluorescent X-ray analysis.   

[0034] 

  As described above, the amount of hydrogen ions can be 

calculated by subtracting the total amount of alkali metal ions 

and alkali earth metal ions contained in aluminosilicate or 5 

metallosilicate from the total amount of ions necessary to 

compensate for the negative charge of the skeleton to keep 

electrical neutrality.  As an example of a specific calculation, 

a case where ZSM-5 zeolite having a SiO2/Al2O3 molar ratio of 1500 

contains 0.01 wt% of Na will be considered: the amount of Al 10 

contained in 1 g of ZSM-5 zeolite is 83.8 micromole, which is the 

total amount of ions necessary to compensate for the negative 

charge of the skeleton to keep electrical neutrality; on the other 

hand, the amount of Na contained in 1 g of ZSM-5 zeolite is 4.3 

micromole; accordingly, the amount of hydrogen ions contained in 15 

1 g of ZSM-5 zeolite is calculated to be 79.5 micromole. 

[0035] 

  The porous oxide used as the catalyst of the present 

invention has a specific surface area, as determined by BET method 

(source: Kyuchaku No Kagaku To Oyo (Science and Application of 20 

Adsorption) authored by Yoshio ONO and Isao SUZUKI, edited by 

Kodansha Scientific Ltd.), which is preferably not less than 100 

m
2
/g, and more preferably not less than 200 m

2
/g, and is preferably 

not more than 1,000 m
2
/g, and more preferably not more than 800 
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m
2
/g. 

  The porous oxide used as the catalyst of the present 

invention, in order to have further improved catalytic function 

or properties, may contain as needed, for example, an appropriate 

transition metal element having a catalytic function, such as 5 

platinum, palladium, ruthenium, rhodium, copper, silver, 

molybdenum, nickel, iron and cobalt, by a method such as ion 

exchange method and immersion method.   

[0036] 

  In the case where it is necessary for the porous oxide to 10 

be molded, the molding is possible by various ways conforming or 

equivalent to publicly known methods.  An exemplary molding 

method is that the porous oxide is mixed with an appropriate binder, 

such as alumina, silica, silica alumina, zirconia, magnesia, 

titania and clay mineral, and the mixture obtained is subjected 15 

to e.g., extrusion molding.  Another exemplary molding is that 

the porous oxide, without the use of any binders, is subjected 

to e.g., compression molding.  The porous oxide, by undergoing 

such molding, can have appropriate size and shape, which can be 

adapted according to e.g., a mode or process of the reaction for 20 

producing a higher silane in the present invention. 

[0037] 

(Production of higher silane) 

  The process for producing a higher silane of the present 
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invention is a process in which a lower silane is brought into 

contact with the catalyst for producing a higher silane in order 

to convert the lower silane to a higher silane, which has more 

silicon than the lower silane.   

[0038] 5 

  As the lower silane, the raw material of a higher silane, 

an appropriate lower silane can be used as the raw material 

depending on a target higher silane.  Examples of the lower silane 

used as the raw material are silanes such as monosilane, disilane 

and trisilane (SinH2n+2; n is an integer of 1 or more).   These 10 

silanes may be used singly, or a mixture of two or more kinds may 

be used.  For example, where a target product (higher silane) is 

disilane, a raw material (lower silane) is monosilane.  In the 

production process of the present invention, the lower silane used 

as the raw material may be used as it is without being diluted, 15 

or may be used after diluted with another diluting gas.  The 

diluting gas used at the dilution is not particularly limited as 

long as being a gas inert to the lower silane, and is for example 

nitrogen, hydrogen, argon or helium.  The concentration of the 

silane in the raw material gas is usually not less than 1 vol%, 20 

preferably not less than 10 vol%, and more preferably not less 

than 20 vol%, and is usually not more than 95 vol%, preferably 

not more than 90 vol%, and more preferably not more than 80 vol%.  

It is preferred for the concentration to be higher since a 



 

23 

 

production apparatus can be compact.  Considering more making a 

production apparatus compact, the lower silane may be present in 

the raw material gas at a concentration which is preferably not 

less than 50 vol% and preferably not more than 100 vol%.  While 

systems using no catalysts involves the use of a raw material gas 5 

having hydrogen co-present in some cases in order to inhibit the 

precipitation of silicon, the need for hydrogen to be co-present 

in the raw material gas is not high in the present invention, and 

accordingly it is possible to improve productivity in terms of, 

e.g., downsize a production apparatus, and reduce production cost, 10 

as compared with the production process in the systems using no 

catalysts.   

[0039] 

  While in the production process of the present invention, 

the lower silane used as a raw material and the higher silane being 15 

a target product are not particularly limited, production 

processes preferred are (1) a process for producing disilane and 

trisilane from monosilane wherein the lower silane is monosilane 

and the higher silane is disilane and trisilane; (2) a process 

for producing disilane from monosilane wherein the lower silane 20 

is monosilane and the higher silane is disilane; and (3) a process 

for producing trisilane from disilane wherein the lower silane 

is disilane and the higher silane is trisilane.   

[0040] 
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  The lower silane used as the raw material may contain 

impurities as long as they are inert to the reaction.  Meanwhile, 

oxygen, carbon dioxide, carbon monoxide, nitrogen-containing 

compounds such as amine and nitrile, oxygen-containing compounds 

such as water, alcohol, aldehyde and ketone, olefins such as 5 

ethylene and acetylene, and phosphines have the potential to 

inhibit catalytic activity, and therefore their contents are 

preferably as low as possible.   

[0041] 

  In the production process of the present invention, the 10 

temperature at which the lower silane is brought into contact with 

the production catalyst is a temperature lower than a temperature 

at which the higher silane starts to be substantially produced 

through the thermal decomposition of the lower silane when 

conditions such as a pressure, a residence time, a concentration 15 

of the lower silane in a raw material gas, a reaction mode and 

the like are all equal except that no catalysts are used.  

According to the present invention, it is possible at such a low 

temperature to produce a higher silane from a lower silane.  The 

temperature at which a lower silane is brought into contact with 20 

the production catalyst is usually not lower than 100°C, 

preferably not lower than 120°C, and more preferably not lower 

than 140°C, and is usually not higher than 400°C, preferably not 

higher than 350°C, more preferably not higher than 300°C, and still 
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more preferably not higher than 250°C.  At the temperature within 

the above ranges, there is neither insufficient conversion of the 

raw material lower silane due to excessively low temperature, nor 

obvious precipitation of solid silicon due to excessively high 

reaction temperature which causes the solid silicon to adhere or 5 

deposit on inner walls or pipes of a reactor thereby making stable 

operation difficult.   

[0042] 

  The reaction pressure, which may be any of reduced pressure, 

normal pressure and increased pressure, is preferably not lower 10 

than 0.1 MPaG and not higher than 1.0 MPaG.  The reaction performed 

under the pressure which is increased to some degree is 

advantageous in terms of downsizing a reactor and accompanying 

devices.  If the pressure is too high, however, the solid silicon 

readily occurs in some cases; and thus the reaction performed at 15 

a pressure of and not higher than 1.0 MPaG is preferred. 

[0043] 

  The reaction in the present invention may be performed in 

a reaction mode which is not particularly limited, the mode being 

any of batch, semi-batch and continuous modes.  Usually, a 20 

continuous flowing mode of fixed-bed, fluidized bed, moving bed 

or the like is preferable.   

[0044] 

  In the fixed-bed mode, specifically, it is preferred that 
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a gas including a lower silane such as monosilane is continuously 

allowed to flow through a tube-type reactor packed with the 

catalyst that has been appropriately molded as described above.  

One reactor alone may be used, or multiple reactors may be used, 

in which case each reactor may be connected in a serial way, in 5 

a parallel way or in a manner combining these ways.  In this case, 

gas hourly space velocity (GHSV) is usually not less than 50 hr
-1
, 

and preferably not less than 100 hr
-1
, and is usually not more than 

5,000 hr
-1
, and preferably not more than 2,000 hr

-1
.  Within the 

above ranges, it is possible to prevent economical disadvantages: 10 

e.g., the increase in the amount of the catalyst used with respect 

to a production amount and the increase in the size of the reactor 

that are caused by excessively low gas hourly space velocity, as 

well as the increase in the cost for separating and collecting 

an unreacted raw material lower silane that is caused by low 15 

conversion arising from an excessively high gas hourly space 

velocity.   

[0045] 

  In the present invention, in the event that the conversion 

of lower silane is reduced by, e.g., the elapse of the reaction 20 

time, catalyst activation treatment may be performed to improve 

the conversion of a lower silane.  The catalyst activation 

treatment may be performed after the catalyst is taken out from 

a reactor, or may be performed with the catalyst remaining in a 



 

27 

 

reactor.  Desirably, the catalyst activation treatment step is 

performed with the catalyst remaining in a reactor since the number 

of steps to be conducted can be simplified.  While the way the 

catalyst activation treatment is performed is not particularly 

limited, it is preferred that the state where a lower silane or 5 

a mixture of a lower silane and a diluting gas such as hydrogen 

gas is flown is replaced by a state where the flowing of a lower 

silane is stopped and a gas containing hydrogen gas is flown.  A 

gas to be flown at the catalyst activation treatment is preferably 

100% of hydrogen gas, but as needed the gas diluted with an inert 10 

gas such as nitrogen and argon may be used.  The temperature at 

the catalyst activation treatment is not particularly limited, 

but is preferably not lower than 20°C, more preferably not lower 

than 50°C, and still more preferably not lower than 100°C, and 

is preferably not higher than 600°C, more preferably not higher 15 

than 400°C, and still more preferably not higher than 300°C.  The 

pressure at the catalyst activation treatment, which may be any 

of reduced pressure, normal pressure and increased pressure, is 

preferably not lower than 0.01 PaG and not higher than 1.0 MPaG.  

The catalyst activation treatment improves the catalytic activity, 20 

resulting in prolonging the catalytic life.   

[0046] 

  In the present invention, a reactant gas discharged from 

a reactor used for the production of a higher silane from a lower 
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silane may be subjected to known methods of cooling, distillation 

and like in order to be separated into a lower silane which has 

been unreacted and a higher silane which has been produced whereby 

that lower silane serving as a raw material of a higher silane 

is collected and recycled into the reactor for another use in the 5 

production of a higher silane.  Recycling the lower silane makes 

it possible to provide a higher silane with high productivity.   

 Further, by performing the reaction using the higher silane 

which has been produced from a lower silane, again as a raw material, 

a higher silane is producible at a higher selectivity.  For 10 

example, disilane is produced from monosilane which is a raw 

material, and thereafter with the disilane used as a raw material 

the reaction is performed again, so that a much higher silane such 

as trisilane can be selectively produced.   

  As described above, by recycling the silanes that have been 15 

produced, again as a raw material as in the present invention, 

production of any higher silanes is possible at high selectivity 

and high efficiency.   

 

Examples 20 

[0047] 

  Hereinafter, the present invention will be further 

specifically described with reference to Examples, but in no way 

is the present invention limited to these examples.   
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  An experiment apparatus used in the present invention is 

shown in Fig. 1.  The catalyst was packed into the reactor, and 

the reactor was heated to a predetermined temperature in an 

electric furnace.  A flow rate of a raw material gas was controlled 

with a mass flow meter.   5 

[0048] 

  A gas obtained in the reaction was on-line introduced to 

a gas chromatograph (manufactured by Shimadzu Corporation), where 

analysis for determining the concentrations of monosilane, 

disilane and trisilane was conducted.  The gas chromatography was 10 

conducted in the following manner.   

Analysis device: gas chromatograph GC-8A (manufactured by 

Shimadzu Corporation) 

Column: Porapak-QS (manufactured by Waters), 1 meter in length, 

3 mm in diameter 15 

Residence time of substance to be analyzed (retention time): 

monosilane = 7.5 min, disilane = 12.5 min, trisilane = 21.0 min 

Carrier gas: helium (40 ml/min) 

Column temperature: kept at 70°C for 5 min, and thereafter elevated 

at 16°C/min to 180°C 20 

Inlet temperature: 200°C  

TCD detector temperature: 200°C  

TCD detector current: milliampere 

The way the amounts of raw materials and products were determined: 
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  From the results obtained by the gas chromatography, 

contents (mol%) of monosilane (MS), disilane (DS), trisilane (TS) 

that were contained in a reactant gas were determined.  From an 

amount of MS supplied per unit time (mol/min) and contents of the 

individual components, an amount of DS produced through the 5 

reaction per unit time (mole number in terms of Si atom/min), an 

amount of TS produced through the reaction per unit time (mole 

number in terms of Si atom/min), and an amount of MS unreacted 

through the reaction and remaining (Mole number in terms of Si 

atom/min), were determined.  In each case, higher silanes of 10 

tetra- or higher silanes were undetected.   

[0049] 

  From these values, when the raw material was monosilane, 

MS conversion (mol%), DS selectivity (mol%) and TS selectivity 

(mol%) were determined in the following manner.   15 

MS conversion (mol%) = (amount of DS produced (mol) × 2 + amount 

of TS produced (mol) × 3)/amount of MS supplied (mol) 

DS selectivity (mol%) = amount of DS produced (mol) × 2/(amount 

of DS produced (mol) × 2 + amount of TS produced (mol) × 3) 

TS selectivity (mol%) = amount of TS produced (mol) × 3/(amount 20 

of DS produced (mol) × 2 + amount of TS produced (mol) × 3) 

 When the raw material was disilane, DS conversion (mol%) 

was determined in the following manner.   

 DS conversion (mol%) = (amount of TS produced (mol) × 
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3)/(amount of DS fed (mol) × 2) 

[0050] 

[Example 1] 

  45 cc of mordenite (SiO2/Al2O3 molar ratio = 18, Na content 

[wt%] = 0.04, alkali metals excluding Na and alkali earth metals 5 

were below detection limit, pore diameter = 0.48 nm, 0.57 nm 

(falling in the range of from 0.4 nm to 0.6 nm), shape: 1.5 mm 

pellet, binder type: alumina) was packed into a reaction tube 

having an inner diameter of 8 mm, and heated at 400°C under the 

flow of nitrogen, whereby catalyst pre-treatment was performed.  10 

A mixture gas of monosilane gas and hydrogen gas (monosilane 

concentration: 80 vol%) was introduced into the reactor such that 

the gas hourly space velocity was 140 h
-1
, and the reaction was 

performed at 200°C, at 0.12 MPaG.  Ten hours after, a reaction 

product was on-line introduced to the gas chromatograph GC-8A 15 

(manufactured by Shimadzu Corporation), to determine contents of 

monosilane, disilane and trisilane.  From these values, MS 

conversion was 1.06 (mol%).  Precipitation of solid silicon on 

wall surfaces of the reaction tube was not visually observed.  A 

result thereof is shown in Table 1.   20 

[0051] 

[Example 2] 

  The same reaction as in Example 1 was performed except that 

the reaction temperature was 250°C.  In the same manner as in 
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Example 1, a reaction product was on-line introduced to the gas 

chromatograph, to determine contents of monosilane, disilane and 

trisilane.  The amount of trisilane produced was below detection 

lower limit.  Precipitation of solid silicon on wall surfaces of 

the reaction tube was not visually observed.  MS conversion was 5 

1.88 (mol%).  A result thereof is shown in Table 1.   

[0052] 

[Example 3] 

  The same reaction as in Example 1 was performed except that 

the catalyst of Example 1 was replaced by ZSM-5 (SiO2/Al2O3 molar 10 

ratio = 23, Na content [wt%] = 0.01, alkali metals excluding Na 

and alkali earth metals were below detection limit, pore diameter 

= 0.51 nm, 0.53 nm, 0.55 nm, 0.56 nm (falling in the range of from 

0.4 nm to 0.6 nm), shape: 3 mm pellet, binder type: alumina).  In 

the same manner as in Example 1, a reaction product was on-line 15 

introduced to the gas chromatograph, to determine contents of 

monosilane, disilane and trisilane.  The amount of trisilane 

produced was below detection lower limit.  Precipitation of solid 

silicon on wall surfaces of the reaction tube was not visually 

observed.  MS conversion was 0.93 (mol%).  A result thereof is 20 

shown in Table 1.   

[0053] 

[Example 4] 

  The same reaction as in Example 3 was performed except that 
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the reaction temperature was 250°C.  In the same manner as in 

Example 1, a reaction product was on-line introduced to the gas 

chromatograph, to determine contents of monosilane, disilane and 

trisilane.  The amount of trisilane produced was below detection 

lower limit.  Precipitation of solid silicon on wall surfaces of 5 

the reaction tube was not visually observed.  MS conversion was 

4.20 (mol%).  A result thereof is shown in Table 1.   

[0054] 

[Example 5] 

 The same reaction as in Example 1 was performed except that 10 

the catalyst of Example 1 was replaced by ZSM-5 having properties 

different from Examples 3 and 4 (SiO2/Al2O3 molar ratio = 1500, 

Na content [wt%] = 0.01, alkali metals excluding Na and alkali 

earth metals were below detection limit, pore diameter = 0.51 nm, 

0.53 nm, 0.55 nm, 0.56 nm (falling in the range of from 0.4 nm 15 

to 0.6 nm), shape: 1.5 mm pellet, binder type: alumina), and that 

the reaction temperature was 150°C.  In the same manner as in 

Example 1, a reaction product was on-line introduced to the gas 

chromatograph, to determine contents of monosilane, disilane and 

trisilane.  The amount of trisilane produced was below detection 20 

lower limit.  Precipitation of solid silicon on wall surfaces of 

the reaction tube was not visually observed.  MS conversion was 

2.97 (mol%).  A result thereof is shown in Table 1.   

[0055] 
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[Example 6] 

 The same reaction as in Example 5 was performed except that 

the reaction temperature was 200°C.  In the same manner as in 

Example 1, a reaction product was on-line introduced to the gas 

chromatograph, to determine contents of monosilane, disilane and 5 

trisilane.  The amount of trisilane produced was below detection 

lower limit.  Precipitation of solid silicon on wall surfaces of 

the reaction tube was not visually observed.  MS conversion was 

6.79 (mol%).  A result thereof is shown in Table 1.   

[0056] 10 

[Example 7] 

 The same reaction as in Example 1 was performed except that 

the catalyst of Example 1 was replaced by β-type (SiO2/Al2O3 molar 

ratio = 500, Na content [wt%] = 0.07, alkali metals excluding Na 

and alkali earth metals were below detection limit, pore diameter 15 

=0.56 nm (falling in the range of from 0.4 nm to 0.6 nm), shape: 

1.5 mm pellet, binder type: clay).  In the same manner as in Example 

1, a reaction product was on-line introduced to the gas 

chromatograph, to determine contents of monosilane, disilane and 

trisilane.  The amount of trisilane produced was below detection 20 

lower limit.  Precipitation of solid silicon on wall surfaces of 

the reaction tube was not visually observed.  MS conversion was 

1.74 (mol%).  A result thereof is shown in Table 1.   

[0057] 
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[Example 8] 

 The same reaction as in Example 7 was performed except that 

the reaction temperature was 250°C.  In the same manner as in 

Example 1, a reaction product was on-line introduced to the gas 

chromatograph, to determine contents of monosilane, disilane and 5 

trisilane.  The amount of trisilane produced was below detection 

lower limit.  Precipitation of solid silicon on wall surfaces of 

the reaction tube was not visually observed.  MS conversion was 

2.15 (mol%).  A result thereof is shown in Table 1.   

[0058] 10 

[Table 1]
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Number 

Catalyst Reaction conditions Reaction performance 

Catalyst 
SiO2/Al2O3 

ratio 
Na 

content 

Pore 
diameter 

/nm 

Catalyst 
amount 

/cc 

Reaction 
temperature 

/°C 

Gas hourly 
space 

velocity 
/h-1 

Pressure 
/MPaG 

MS 
concentration 

/vol% 

MS 
conversion 

/mol% 

Precipitation 
of solid 
silicon 

Example 1 Mordenite 18 0.04 
0.48 
0.57 

45 200 140 0.12 80 1.06 None 

Example 2 Mordenite 18 0.04 
0.48 
0.57 

45 250 140 0.12 80 1.88 None 

Example 3 ZSM-5 23 0.01 
0.51, 0.53 
0.55, 0.56 

45 200 140 0.12 80 0.93 None 

Example 4 ZSM-5 23 0.01 
0.51, 0.53 
0.55, 0.56 

45 250 140 0.12 80 4.20 None 

Example 5 ZSM-5 1500 0.01 
0.51, 0.53 
0.55, 0.56 

45 150 140 0.12 80 2.97 None 

Example 6 ZSM-5 1500 0.01 
0.51, 0.53 
0.55, 0.56 

45 200 140 0.12 80 6.79 None 

Example 7 β-type 500 0.07 0.56 45 200 140 0.12 80 1.74 None 

Example 8 β-type 500 0.07 0.56 45 250 140 0.12 80 2.15 None 
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[0059] 

[Example 9] 

  The same reaction as in Example 1 was performed except that 

the catalyst of Example 1 was replaced by ZSM-5 having properties 

different from Examples 3 and 4 (SiO2/Al2O3 molar ratio = 80, Na 5 

content [wt%] = 0.01, alkali metals excluding Na and alkali earth 

metals were below detection limit, pore diameter = 0.51 nm, 0.53 

nm, 0.55 nm, 0.56 nm (falling in the range of from 0.4 nm to 0.6 

nm), shape: 1.5 mm pellet, binder type: alumina), and that the 

reaction temperature was 150°C.  In the same manner as in Example 10 

1, a reaction product was on-line introduced to the gas 

chromatograph, to determine contents of monosilane, disilane and 

trisilane.  MS conversion was 2.23 (mol%).  Precipitation of 

solid silicon on wall surfaces of the reaction tube was not 

visually observed.  A result thereof is shown in Table 2.   15 

[0060] 

[Example 10] 

  The same reaction as in Example 9 was performed except that 

the reaction temperature was 200°C.  In the same manner as in 

Example 1, a reaction product was on-line introduced to the gas 20 

chromatograph, to determine contents of monosilane, disilane and 

trisilane.  MS conversion was 6.21 (mol%).  Precipitation of 

solid silicon on wall surfaces of the reaction tube was not 

visually observed.  A result thereof is shown in Table 2.   
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[0061] 

[Example 11] 

  The same reaction as in Example 1 was performed except that 

the catalyst of Example 1 was replaced by ZSM-5 having properties 

different from Examples 3 and 4 (SiO2/Al2O3 molar ratio = 280, Na 5 

content [wt%] = 0.01, alkali metals excluding Na and alkali earth 

metals were below detection limit, pore diameter = 0.51 nm, 0.53 

nm, 0.55 nm, 0.56 nm (falling in the range of from 0.4 nm to 0.6 

nm), shape: 1.5 mm pellet, binder type: alumina), and that the 

reaction temperature was 150°C.  In the same manner as in Example 10 

1, a reaction product was on-line introduced to the gas 

chromatograph, to determine contents of monosilane, disilane and 

trisilane.  MS conversion was 2.89 (mol%).  Precipitation of 

solid silicon on wall surfaces of the reaction tube was not 

visually observed.  A result thereof is shown in Table 2.   15 

[0062] 

[Example 12] 

  The same reaction as in Example 11 was performed except that 

the reaction temperature was 200°C.  In the same manner as in 

Example 1, a reaction product was on-line introduced to the gas 20 

chromatograph, to determine contents of monosilane, disilane and 

trisilane.  MS conversion was 6.81 (mol%).  Precipitation of 

solid silicon on wall surfaces of the reaction tube was not 

visually observed.  A result thereof is shown in Table 2.   
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[0063] 

[Example 13] 

  The same reaction as in Example 1 was performed except that 

the catalyst of Example 1 was replaced by ZSM-5 having properties 

different from Examples 3 and 4 (SiO2/Al2O3 molar ratio = 280, Na 5 

content [wt%] = 0.01, alkali metals excluding Na and alkali earth 

metals were below detection limit, pore diameter = 0.51 nm, 0.53 

nm, 0.55 nm, 0.56 nm (falling in the range of from 0.4 nm to 0.6 

nm), shape: 1.5 mm pellet, binder type: alumina), and that the 

reaction temperature was 150°C.  In the same manner as in Example 10 

1, a reaction product was on-line introduced to the gas 

chromatograph, to determine contents of monosilane, disilane and 

trisilane.  MS conversion was 3.02 (mol%).  Precipitation of 

solid silicon on wall surfaces of the reaction tube was not 

visually observed.  A result thereof is shown in Table 2.   15 

[0064] 

[Example 14] 

  The same reaction as in Example 13 was performed except that 

the reaction temperature was 200°C.  In the same manner as in 

Example 1, a reaction product was on-line introduced to the gas 20 

chromatograph, to determine contents of monosilane, disilane and 

trisilane.  MS conversion was 6.94 (mol%).  Precipitation of 

solid silicon on wall surfaces of the reaction tube was not 

visually observed.  A result thereof is shown in Table 2.  
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[0065] 

[Table 2] 

Number 

Catalyst Reaction conditions Reaction performance 

Catalyst 
SiO2/Al2O3 

ratio 
Na 

content 

Pore 
diameter 

/nm 

Catalyst 
amount 

/cc 

Reaction 
temperature 

/°C 

Gas hourly 
space 

velocity 
/h-1 

Pressure 
/MPaG 

MS 
concentration 

/vol% 

MS 
conversion 

/mol% 

Precipitation 
of solid 
silicon 

Example 9 ZSM-5 80 0.01 
0.51, 0.53 
0.55, 0.56 

45 150 140 0.12 80 2.23 None 

Example 10 ZSM-5 80 0.01 
0.51, 0.53 
0.55, 0.56 

45 200 140 0.12 80 6.21 None 

Example 11 ZSM-5 280 0.01 
0.51, 0.53 
0.55, 0.56 

45 150 140 0.12 80 2.89 None 

Example 12 ZSM-5 280 0.01 
0.51, 0.53 
0.55, 0.56 

45 200 140 0.12 80 6.81 None 

Example 13 ZSM-5 500 0.01 
0.51, 0.53 
0.55, 0.56 

45 150 140 0.12 80 3.02 None 

Example 14 ZSM-5 500 0.01 
0.51, 0.53 
0.55, 0.56 

45 200 140 0.12 80 6.94 None 
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[0066] 

[Example 15] 

  6.4 cc of ZSM-5 (SiO2/Al2O3 molar ratio = 1500, Na content 

[wt%] = 0.01, alkali metals excluding Na and alkali earth metals 

were below detection limit, pore diameter = 0.51 nm, 0.53 nm, 0.55 5 

nm, 0.56 nm (falling in the range of from 0.4 nm to 0.6 nm), shape: 

3 mm pellet, binder type: alumina) was packed into a reaction tube 

having an inner diameter of 8 mm, and heated at 400°C under the 

flow of nitrogen, whereby catalyst pre-treatment was performed.  

A mixture gas of monosilane gas and hydrogen gas (monosilane 10 

concentration: 80 vol%) was introduced into the reactor such that 

the gas hourly space velocity was 467 h
-1
, and the reaction was 

performed at 150°C, at 0.2 MPaG.  A reaction product was on-line 

introduced to the gas chromatograph GC-8A (manufactured by 

Shimadzu Corporation), to determine contents of monosilane, 15 

disilane and trisilane.  Precipitation of solid silicon on wall 

surfaces of the reaction tube was not visually observed.  From 

these values, it was determined that MS conversion was 2.37 (mol%), 

DS selectivity was 88.9 (mol%), and TS selectivity was 11.1 (mol%).  

A result thereof is shown in Table 3.   20 

[0067] 

[Example 16] 

  The same reaction as in Example 15 was performed except that 

the reaction temperature was 200°C.  In the same manner as in 
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Example 15, a reaction product was on-line introduced to the gas 

chromatograph GC-8A (manufactured by Shimadzu Corporation), to 

determine contents of monosilane, disilane and trisilane.  

Precipitation of solid silicon on wall surfaces of the reaction 

tube was not visually observed.  From these values, it was 5 

determined that MS conversion was 4.28 (mol%), DS selectivity was 

84.1 (mol%), and TS selectivity was 15.9 (%).  A result thereof 

is shown in Table 3.   

[0068] 

[Example 17] 10 

  6.4 cc of ZSM-5 (SiO2/Al2O3 molar ratio = 1500, Na content 

[wt%] = 0.01, alkali metals excluding Na and alkali earth metals 

were below detection limit, pore diameter = 0.51 nm, 0.53 nm, 0.55 

nm, 0.56 nm (falling in the range of from 0.4 nm to 0.6 nm), shape: 

3 mm pellet, binder type: alumina) were packed into a reaction 15 

tube of having an inner diameter of 8 mm, and heated at 200°C under 

the flow of nitrogen, whereby catalyst pre-treatment was performed.  

A mixture gas of monosilane gas and hydrogen gas (monosilane 

concentration: 80 vol%) was introduced into the reactor such that 

the gas hourly space velocity was 467 h
-1
, and the reaction was 20 

performed at 150°C, at 0.2 MPaG.  A reaction product was on-line 

introduced to the gas chromatograph GC-8A (manufactured by 

Shimadzu Corporation), to determine contents of monosilane, 

disilane and trisilane.  Precipitation of solid silicon on wall 
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surfaces of the reaction tube was not visually observed.  From 

these values, it was determined that MS conversion was 2.35 (mol%), 

DS selectivity was 88.6 (mol%), and TS selectivity was 11.5 (mol%).  

A result thereof is shown in Table 3.   

[0069] 5 

[Example 18] 

  The same reaction as in Example 17 was performed except that 

the reaction temperature was 200°C.  In the same manner as in 

Example 17, a reaction product was on-line introduced to the gas 

chromatograph GC-8A (manufactured by Shimadzu Corporation), to 10 

determine contents of monosilane, disilane and trisilane.  

Precipitation of solid silicon on wall surfaces of the reaction 

tube was not visually observed.  From these values, it was 

determined that MS conversion was 4.33 (mol%), DS selectivity was 

84.2 (mol%), and TS selectivity was 15.9 (mol%).  A result thereof 15 

is shown in Table 3.   

[0070] 

[Example 19] 

  The same reaction as in Example 17 was performed except that 

the reaction pressure was 0.3 MPaG.  In the same manner as in 20 

Example 17, a reaction product was on-line introduced to the gas 

chromatograph GC-8A (manufactured by Shimadzu Corporation), to 

determine contents of monosilane, disilane and trisilane.  

Precipitation of solid silicon on wall surfaces of the reaction 
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tube was not visually observed.  From these values, it was 

determined that MS conversion was 2.28 (mol%), DS selectivity was 

89.3 (mol%), and TS selectivity was 10.7 (mol%).  A result thereof 

is shown in Table 3.   

[0071] 5 

[Example 20] 

 The same reaction as in Example 19 was performed except that 

the reaction temperature was 200°C.  In the same manner as in 

Example 17, a reaction product was on-line introduced to the gas 

chromatograph GC-8A (manufactured by Shimadzu Corporation), to 10 

determine contents of monosilane, disilane and trisilane.  

Precipitation of solid silicon on wall surfaces of the reaction 

tube was not visually observed.  From these values, it was 

determined that MS conversion was 4.70 (mol%), DS selectivity was 

83.0 (mol%), and TS selectivity was 17.0 (mol%).  A result thereof 15 

is shown in Table 3.   

[0072] 

[Example 21] 

  The same reaction as in Example 17 was performed except that 

the reaction pressure was 0.4 MPaG.  In the same manner as in 20 

Example 17, a reaction product was on-line introduced to the gas 

chromatograph GC-8A (manufactured by Shimadzu Corporation), to 

determine contents of monosilane, disilane and trisilane.  

Precipitation of solid silicon on wall surfaces of the reaction 
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tube was not visually observed.  From these values, it was 

determined that MS conversion was 2.41 (mol%), DS selectivity was 

89.0 (mol%), and TS selectivity was 11.0 (mol%).  A result thereof 

is shown in Table 3.   

[0073] 5 

[Example 22] 

  The same reaction as in Example 21 was performed except that 

the reaction temperature was 200°C.  In the same manner as in 

Example 21, a reaction product was on-line introduced to the gas 

chromatograph GC-8A (manufactured by Shimadzu Corporation), to 10 

determine contents of monosilane, disilane and trisilane.  

Precipitation of solid silicon on wall surfaces of the reaction 

tube was not visually observed.  From these values, it was 

determined that MS conversion was 4.93 (mol%), DS selectivity was 

82.0 (mol%), and TS selectivity was 18.0 (mol%).  A result thereof 15 

is shown in Table 3.   

[0074] 

[Example 23] 

  The same reaction as in Example 17 was performed except that 

the monosilane concentration was 95%.  In the same manner as in 20 

Example 17, a reaction product was on-line introduced to the gas 

chromatograph GC-8A (manufactured by Shimadzu Corporation), to 

determine contents of monosilane, disilane and trisilane.  

Precipitation of solid silicon on wall surfaces of the reaction 
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tube was not visually observed.  From these values, it was 

determined that MS conversion was 1.80 (mol%), DS selectivity  was 

91.5 (mol%), and TS selectivity was 8.5 (mol%).  A result thereof 

is shown in Table 3.   

[0075] 5 

[Example 24] 

  The same reaction as in Example 23 was performed except that 

the reaction temperature was 200°C.  In the same manner as in 

Example 23, a reaction product was on-line introduced to the gas 

chromatograph GC-8A (manufactured by Shimadzu Corporation), to 10 

determine contents of monosilane, disilane and trisilane.  

Precipitation of solid silicon on wall surfaces of the reaction 

tube was not visually observed.  From these values, it was 

determined that MS conversion was 3.88 (mol%), DS selectivity was 

85.6 (mol%), and TS selectivity was 14.4 (mol%).  A result thereof 15 

is shown in Table 3.   

[0076] 

[Example 25] 

  The same reaction as in Example 17 was performed except that 

the monosilane concentration was 100%.  In the same manner as in 20 

Example 17, a reaction product was on-line introduced to the gas 

chromatograph GC-8A (manufactured by Shimadzu Corporation), to 

determine contents of monosilane, disilane and trisilane.  

Precipitation of solid silicon on wall surfaces of the reaction 
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tube was not visually observed.  From these values, it was 

determined that MS conversion was 1.67 (mol%), DS selectivity was 

92.1 (mol%), and TS selectivity was 7.9 (mol%).  A result thereof 

is shown in Table 3.   

[0077] 5 

[Example 26] 

  The same reaction as in Example 25 was performed except that 

the reaction temperature was 200°C.  In the same manner as in 

Example 25, a reaction product was on-line introduced to the gas 

chromatograph GC-8A (manufactured by Shimadzu Corporation), to 10 

determine contents of monosilane, disilane and trisilane.  

Precipitation of solid silicon on wall surfaces of the reaction 

tube was not visually observed.  From these values, it was 

determined that MS conversion was 3.72 (mol%), DS selectivity was 

85.8 (mol%), and TS selectivity was 14.2 (mol%).  A result thereof 15 

is shown in Table 3.   

[0078] 

[Example 27] 

  The same reaction as in Example 17 was performed except that 

the gas hourly space velocity was 233 h
-1
.  In the same manner as 20 

in Example 17, a reaction product was on-line introduced to the 

gas chromatograph GC-8A (manufactured by Shimadzu Corporation), 

to determine contents of monosilane, disilane and trisilane.  

Precipitation of solid silicon on wall surfaces of the reaction 
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tube was not visually observed.  From these values, it was 

determined that MS conversion was 2.34 (mol%), DS selectivity was 

89.3 (mol%), and TS selectivity was 10.7 (mol%).  A result thereof 

is shown in Table 3.   

[0079] 5 

[Example 28] 

  The same reaction as in Example 27 was performed except that 

the reaction temperature was 200°C.  In the same manner as in 

Example 27, a reaction product was on-line introduced to the gas 

chromatograph GC-8A (manufactured by Shimadzu Corporation), to 10 

determine contents of monosilane, disilane and trisilane.  

Precipitation of solid silicon on wall surfaces of the reaction 

tube was not visually observed.  From these values, it was 

determined that MS conversion was 5.52 (mol%), DS selectivity was 

80.8 (mol%), and TS selectivity was 19.2 (mol%).  A result thereof 15 

is shown in Table 3.   

[0080] 

[Table 3]
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Number 

Catalyst Reaction conditions Reaction performance 

Catalyst 
SiO2/Al2O3 

ratio 
Na 

content 
Pore diameter 

/nm 

Catalyst 
amount 

/cc 

Reaction 
temperature 

/°C 

Gas hourly 
space 

velocity /h-1 

Pressure 
/MPaG 

MS 
concentration 

/vol% 

MS 
conversion 

/mol% 

DS 
selectivity 

/mol% 

TS 
selectivity 

/mol% 

Precipitation 
of solid 
silicon 

Example 15 ZSM-5 1500 0.01 
0.51, 0.53 
0.55, 0.56 

6.4 150 467 0.2 80 2.37 88.9 11.1 None 

Example 16 ZSM-5 1500 0.01 
0.51, 0.53 
0.55, 0.56 

6.4 200 467 0.2 80 4.28 84.1 15.9 None 

Example 17 ZSM-5 1500 0.01 
0.51, 0.53 
0.55, 0.56 

6.4 150 467 0.2 80 2.35 88.6 11.5 None 

Example 18 ZSM-5 1500 0.01 
0.51, 0.53 
0.55, 0.56 

6.4 200 467 0.2 80 4.33 84.2 15.9 None 

Example 19 ZSM-5 1500 0.01 
0.51, 0.53 
0.55, 0.56 

6.4 150 467 0.3 80 2.28 89.3 10.7 None 

Example 20 ZSM-5 1500 0.01 
0.51, 0.53 
0.55, 0.56 

6.4 200 467 0.3 80 4.70 83.0 17.0 None 

Example 21 ZSM-5 1500 0.01 
0.51, 0.53 
0.55, 0.56 

6.4 150 467 0.4 80 2.41 89.0 11.0 None 

Example 22 ZSM-5 1500 0.01 
0.51, 0.53 
0.55, 0.56 

6.4 200 467 0.4 80 4.93 82.0 18.0 None 

Example 23 ZSM-5 1500 0.01 
0.51, 0.53 
0.55, 0.56 

6.4 150 467 0.2 95 1.80 91.5 8.5 None 

Example 24 ZSM-5 1500 0.01 
0.51, 0.53 
0.55, 0.56 

6.4 200 467 0.2 95 3.88 85.6 14.4 None 

Example 25 ZSM-5 1500 0.01 
0.51, 0.53 
0.55, 0.56 

6.4 150 467 0.2 100 1.67 92.1 7.9 None 

Example 26 ZSM-5 1500 0.01 
0.51, 0.53 
0.55, 0.56 

6.4 200 467 0.2 100 3.72 85.8 14.2 None 

Example 27 ZSM-5 1500 0.01 
0.51, 0.53 
0.55, 0.56 

6.4 150 233 0.2 80 2.34 89.3 10.7 None 

Example 28 ZSM-5 1500 0.01 
0.51, 0.53 
0.55, 0.56 

6.4 200 233 0.2 80 5.52 80.8 19.2 None 
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[0081] 

[Example 29] (Experiment to see life of production catalyst) 

  6.4 cc of ZSM-5 (SiO2/Al2O3 molar ratio = 1500, Na content 

[wt%] = 0.01, alkali metals excluding Na and alkali earth metals 

were below detection limit, pore diameter = 0.51 nm, 0.53 nm, 0.55 5 

nm, 0.56 nm (falling in the range of from 0.4 nm to 0.6 nm), shape: 

3 mm pellet, binder type: alumina) was packed into a reaction tube 

having an inner diameter of 8 mm, and heated at 200°C under the 

flow of nitrogen, whereby catalyst pre-treatment was performed.  

A mixture gas of monosilane gas and hydrogen gas (monosilane 10 

concentration: 80 vol%) was introduced into the reactor such that 

the gas hourly space velocity was 467 h
-1
, and the reaction was 

performed at 180°C at 0.4 MPaG.  A reaction product given 10 hours 

after starting the reaction was on-line introduced to the gas 

chromatograph GC-8A (manufactured by Shimadzu Corporation), to 15 

determine contents of monosilane, disilane and trisilane, and it 

was found that MS conversion was 4.26 (mol%), DS selectivity was 

82.1 (mol%), and TS selectivity was 17.9 (mol%).  The reaction 

was continued, and a reaction product given 200 hours after 

starting the reaction was on-line introduced to the gas 20 

chromatograph GC-8A (manufactured by Shimadzu Corporation), to 

determine contents of monosilane, disilane and trisilane, and it 

was found that MS conversion was 2.32 (mol%), DS selectivity was 

89.3 (mol%), and TS selectivity was 10.7 (mol%).  A result thereof 
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is shown in Table 4.   

[0082] 

[Example 30] (Experiment to see regeneration of production 

catalyst) 

  200 hours after starting the reaction, indicated in Example 5 

29, the supplying of monosilane was stopped, and with hydrogen 

gas alone flown, catalyst activation treatment was carried out 

for 3 hours under normal pressure at 180°C.  After the catalyst 

activation treatment, the reaction was performed under the same 

conditions as in Example 29.  A reaction product given 1 hour after 10 

resuming the reaction was on-line introduced to the gas 

chromatograph GC-8A (manufactured by Shimadzu Corporation), to 

determine contents of monosilane, disilane and trisilane, and it 

was found that MS conversion was 3.77 (mol%), DS selectivity was 

84.8 (mol%), and TS selectivity was 15.2 (mol%).  Again, the 15 

supplying of monosilane was stopped, and with hydrogen gas alone 

flown, the catalyst activation treatment was carried out for 72 

hours under normal pressure at 180°C.  After the catalyst 

activation treatment, the reaction was performed under the same 

conditions as in Example 29.  A reaction product given 1 hour after 20 

resuming the reaction was on-line introduced to the gas 

chromatograph GC-8A (manufactured by Shimadzu Corporation), to 

determine contents of monosilane, disilane and trisilane, and it 

was found that MS conversion was 4.24 (mol%), DS selectivity was 
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81.5 (mol%), and TS selectivity was 18.5 (mol%).  A result thereof 

is shown in Table 4.   

[0083] 

[Table 4]
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Number 

Catalyst Reaction conditions Reaction performance 

 
Catalyst 

SiO2/Al2O3 
ratio 

Na 
content 

Pore 
diameter 

/nm 

Catalyst 
amount 

/cc 

Reaction 
temperature 

/°C 

Gas hourly 
space velocity 

/h-1 

Pressure 
/MPaG 

MS 
concentration 

/vol% 

MS 
conversion 

/mol% 

DS 
selectivity 

/mol% 

TS 
selectivity 

/mol% 

Example 
29 

ZSM-5 1500 0.01 
0.51, 0.53 
0.55, 0.56 

6.4 180 467 0.4 80 

4.26 82.1 17.9 
10 hours 

after 

2.32 89.3 10.7 
200 hours 

after 

Example 
30 

ZSM-5 1500 0.01 
0.51, 0.53 
0.55, 0.56 

6.4 180 467 0.4 80 

3.77 84.8 15.3 
1 hour  
after 

4.24 81.5 18.5 
72 hours 

after 
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[0084] 

[Comparative Example 1] 

 The catalyst of Example 1 was replaced by mordenite having 

properties different from Example 1 (SiO2/Al2O3 molar ratio = 18, 

Na content [wt%] = 3.7, alkali metals excluding Na and alkali earth 5 

metals were below detection limit, pore diameter = 0.48 nm, 0.57 

nm (falling in the range of from 0.4 nm to 0.6 nm), shape: 1.2 

mm pellet, binder type: clay), and the reaction was performed in 

the same manner as in Example 1.  In the same manner as in Example 

1, a reaction product was on-line introduced to the gas 10 

chromatograph, to determine contents of monosilane, disilane and 

trisilane.  The amount of trisilane produced was below detection 

lower limit.  Precipitation of solid silicon on wall surfaces of 

the reaction tube was not visually observed.  MS conversion was 

0.07 (mol%), DS selectivity was 100 (mol%), and TS selectivity 15 

was 0 (mol%).  As is clear from the above result, conversion of 

monosilane was considerably lower than Example 1, where the 

reaction conditions were the same using the same mordenite as in 

Comparative Example 1 except that sodium ions contained in the 

mordenite used in Example 1 were replaced with hydrogen ions.  A 20 

result thereof is shown in Table 5.   

[0085] 

[Comparative Example 2] 

  The same reaction as in Comparative Example 1 was performed 
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except that the reaction temperature was 250°C.  In the same 

manner as in Example 1, a reaction product was on-line introduced 

to the gas chromatograph, to determine contents of monosilane, 

disilane and trisilane.  The amount of trisilane produced was 

below detection lower limit.  Precipitation of solid silicon on 5 

wall surfaces of the reaction tube was not visually observed.  MS 

conversion was 0.13 (mol%), DS selectivity was 100 (mol%), and 

TS selectivity was 0 (mol%).  As is clear from the above result, 

conversion of monosilane was considerably lower than Example 1, 

where the reaction conditions were the same using the same 10 

mordenite as in Comparative Example 1 except that sodium ions 

contained in the mordenite used in Example 1 were replaced with 

hydrogen ions.  A result thereof is shown in Table 5.   

[0086] 

[Comparative Example 3] 15 

  Using γ-alumina (FD-24, manufactured by Sumika Alchem Co., 

Ltd.; 2 to 4 mm spherical shape, BET specific surface area = 330 

m
2
/g), the reaction was performed in the same manner as in Example 

1.  In the same manner as in Example 1, a reaction product was 

on-line introduced to the gas chromatograph, to determine contents 20 

of monosilane, disilane and trisilane.  The amount of trisilane 

produced was below detection lower limit.  Precipitation of solid 

silicon on wall surfaces of the reaction tube was not visually 

observed.  MS conversion was 0.15 (mol%), DS selectivity was 100 
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(mol%), and TS selectivity was 0 (mol%).  As is clear from the 

above result, conversion of monosilane was considerably lower than 

Examples 1, 3, 6 and 7, where the reaction was performed under 

the same conditions.  A result thereof is shown in Table 5.   

[0087] 5 

[Reference Example 1] 

  The same reaction as in Example 1 was performed except that 

the catalyst was not packed, and that the reaction temperature 

was 350°C, 375°C, 400°C and 425°C.  In the same manner as in Example 

1, a reaction product was on-line introduced to the gas 10 

chromatograph, to determine contents of monosilane, disilane and 

trisilane.  At not higher than 300°C, the conversion of monosilane 

was not observed at all, and a high temperature of 350°C was needed 

to produce disilane.  At a temperature of not lower than 400°C, 

the production of trisilane was observed, and precipitation of 15 

solid silicon on wall surfaces of the reaction tube was observed.  

At the reaction temperature of 350°C, MS conversion was 0.04 (mol%), 

DS selectivity was 100 (mol%), and TS selectivity was 0 (mol%).  

At the reaction temperature of 375°C, MS conversion was 0.25 (mol%), 

DS selectivity was 100 (mol%), and TS selectivity was 0 (mol%).  20 

At the reaction temperature of 400°C, MS conversion was 1.13 (mol%), 

DS selectivity was 89.0 (mol%), and TS selectivity was 10.8 (mol%).  

At the reaction temperature of 425°C, MS conversion was 4.75 (mol%), 

DS selectivity was 82.6 (mol%), and TS selectivity was 17.2 (mol%).  
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A result thereof is shown in Table 5.   

[0088] 

[Reference Example 2] 

  Using Y-type zeolite (SiO2/Al2O3 molar ratio =6, Na content 

[wt%] = 0.01, alkali metals excluding Na and alkali earth metals 5 

were below detection limit, pore diameter =0.74 nm, shape: 1.5 

mm pellet, binder type: alumina), the same reaction as in Example 

15 was performed.  In the same manner as in Example 15, a reaction 

product was on-line introduced to the gas chromatograph, to 

determine contents of monosilane, disilane and trisilane, and it 10 

was found that MS conversion was 0.26 (mol%).  Precipitation of 

solid silicon on wall surfaces of the reaction tube was not 

visually observed.  A result thereof is shown in Table 5.   

[0089] 

[Reference Example 3] 15 

  The same reaction as in Reference Example 2 was performed 

except that the reaction temperature was 200°C.  In the same 

manner as in Reference Example 2, a reaction product was on-line 

introduced to the gas chromatograph, to determine contents of 

monosilane, disilane and trisilane, and it was found that MS 20 

conversion was 0.48 (mol%).  Precipitation of solid silicon on 

wall surfaces of the reaction tube was not visually observed.  A 

result thereof is shown in Table 5.   

[0090] 
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[Reference Example 4] 

  The same reaction as in Reference Example 2 was performed 

except that the reaction temperature was 250°C.  In the same 

manner as in Reference Example 2, a reaction product was on-line 

introduced to the gas chromatograph, to determine contents of 5 

monosilane, disilane and trisilane, and it was found that MS 

conversion was 0.89 (mol%).  Precipitation of solid silicon on 

wall surfaces of the reaction tube was not visually observed.  A 

result thereof is shown in Table 5.   

[0091] 10 

[Table 5]
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Number 

Catalyst Reaction conditions Reaction performance 

Catalyst 
SiO2/Al2

O3 ratio 
Na 

content 
Pore diameter 

/nm 

Catalyst 
amount 

/cc 

Reaction 
temperature 

/°C 

Gas hourly 
space 

velocity /h-1 

Pressure 
/MPaG 

MS 
concentration 

/vol% 

MS 
conversion 

/mol% 

DS 
selectivity 

/mol% 

TS 
selectivity 

/mol% 

Precipitation 
of solid 
silicon 

Comparative 
Example 1 

Mordenite 18 3.7 
0.48  
0.57 

45 200 140 0.12 80 0.07 100 0 None 

Comparative 
Example 2 

Mordenite 18 3.7 
0.48  
0.57 

45 250 140 0.12 80 0.13 100 0 None 

Comparative 
Example 3 

γ- Al2O3 - - - 45 200 140 0.12 80 0.15 100 0 None 

Reference 
Example 1 

No 
catalysts 

- - - 0 350 - 0.12 80 0.04 100 0 None 

- - - 0 375 - 0.12 80 0.25 100 0 None 

- - - 0 400 - 0.12 80 1.13 89 10.8 Observed 

- - - 0 425 - 0.12 80 4.75 82.6 17.2 Observed 

Reference  
Example 2 

Y-type 
zeolite 

6 0.01 0.74 6.4 150 467 0.2 80 0.26 - - None 

Reference 
Example 3 

Y-type 
zeolite 

6 0.01 0.74 6.4 200 467 0.2 80 0.48 - - None 

Reference 
Example 4 

Y-type 
zeolite 

6 0.01 0.74 6.4 250 467 0.2 80 0.89 - - None 

 

 



 

60 

 

Industrial Applicability 

[0092]  

  According to the production process of the present invention, 

decomposition into solid silicon is inhibited, and a higher silane 

(for example, disilane when the lower silane is monosilane) is 5 

obtained at high yield.  This leads to the advantage that a 

high-purity higher silane (for example, disilane when the lower 

silane is monosilane) is producible relatively inexpensively. 

 

List of Reference Signs 10 

[0093] 

1: Lower silane flowmeter 

2: H2 flowmeter 

3: Reactor  

4: Condenser 15 

5: Electric furnace
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CLAIMS 

 

 1. A catalyst for producing a higher silane which 

comprises a porous oxide and which by being contacted with a lower 

silane converts the lower silane to the higher silane having more 5 

silicon than the lower silane, wherein the porous oxide has at 

least regularly arranged pores and is primarily composed of 

silicon oxide, wherein a content of alkali metals and alkali earth 

metals in the porous oxide is not less than 0.00 wt% and not more 

than 2.00 wt%.   10 

 

 2. The catalyst for producing a higher silane according 

to Claim 1, wherein the porous oxide has a pore diameter of not 

less than 0.4 nm and not more than 0.6 nm.   

 15 

 3. The catalyst for producing a higher silane according 

to Claim 1 or 2, wherein the pore of the porous oxide is formed 

from an 8 to 12-membered oxygen ring.   

 

 4. The catalyst for producing a higher silane according 20 

to any one of Claims 1 to 3, wherein the porous oxide has a 

crystalline zeolite structure formed from aluminosilicate or 

metallosilicate.   
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 5. The catalyst for producing a higher silane according 

to Claim 4, wherein the crystalline zeolite structure is at least 

any one of BEA-type, FER-type, LTA-type, MFI-type, MOR-type and 

MWW-type. 

 5 

 6. The catalyst for producing a higher silane according 

to Claim 4 or 5, wherein alkali metal ions or alkali earth metal 

ions compensating for a negative charge of the aluminosilicate 

or metallosilicate skeleton in the porous oxide are substituted 

with hydrogen ions. 10 

 

 7. The catalyst for producing a higher silane according 

to any one of Claims 4 to 6, wherein the porous oxide is 

aluminosilicate, and a SiO2/Al2O3 molar ratio in the porous oxide 

is not less than 10 and not more than 3,000.  15 

 

 8. The catalyst for producing a higher silane according 

to Claim 7, wherein the SiO2/Al2O3 molar ratio is not less than 

20 and not more than 2,000.  

  20 

 9. A process for producing a higher silane comprising 

bringing a lower silane into contact with the catalyst for 

producing a higher silane according to any one of Claims 1 to 8 

thereby converting the lower silane to the higher silane having 
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more silicon than the lower silane.   

 

 10.  The process for producing a higher silane according 

to Claim 9, wherein the lower silane is brought into contact with 

the catalyst for producing the higher silane at a temperature lower 5 

than a temperature at which the higher silane starts to be 

substantially produced through thermal decomposition of the lower 

silane under conditions where no catalysts are present.   

 

 11.  The process for producing a higher silane according 10 

to Claim 9, wherein the temperature at which the lower silane is 

brought into contact with the catalyst for producing a higher 

silane is not lower than 100°C and not higher than 400°C.   

 

 12.  The process for producing a higher silane according 15 

to Claim 11, wherein the temperature is not lower than 120°C and 

not higher than 350°C.   

 

 13.  The process for producing a higher silane according 

to Claim 11, wherein the temperature is not lower than 140°C and 20 

not higher than 300°C.   

 

 14.  The process for producing a higher silane according 

to any one of Claims 9 to 13, wherein the lower silane is supplied 
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by a raw material gas including a lower silane, and a concentration 

of the lower silane in the raw material gas is not less than 50 

vol% and not more than 100 vol%.   

 

 15.  The process for producing a higher silane according 5 

to any one of Claims 9 to 14, wherein the lower silane is monosilane, 

and the higher silane is disilane and trisilane.   

 

 16.  The process for producing a higher silane according 

to any one of Claims 9 to 14, wherein the lower silane is monosilane, 10 

and the higher silane is disilane.   

 

 17.  The process for producing a higher silane according 

to any one of Claims 9 to 14, wherein the lower silane is disilane, 

and the higher silane is trisilane.   15 

 

 18.  The process for producing a higher silane according 

to any one of Claims 9 to 14, comprising a step of subjecting the 

catalyst for producing a higher silane to an activation treatment 

using a hydrogen-containing gas.   20 

 

 19.  The process for producing a higher silane catalyst 

according to Claim 18, wherein at the step of subjecting the 

catalyst for producing a higher silane to an activation treatment 
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using a hydrogen-containing gas, the treatment temperature is not 

less than 20°C. 
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