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PROCESS FOR PRODUCTION OF SILANE

This invention relates to the production of
silane gas (SiH4) and more specifically to a highly
advantageous, commercially attractive process for pro-
duction of silane.

The production of pure silane is an important

step in the ultimate production of ultrahigh purity

silicon for semiconductor materials and other purposes.

'In the past, the art has taught several schemes
to synthesize silane from silicon tetrachloride (SiClé)
but these have not proven commercially feasible.
Rather, industry has selected various other routes for
commercial silane production. For example, one foreign
producer reportedly reacts magnesium silicide (MgZSi)
with ammonium chloride (NH4C1) in liquid ammonia.
Another domestic producer reacts silicon tetrachloride
with the relatively expensive lithium aluminum tetra-
hydride (LiA1H4). Another producer obtains various
chlorosilanes by hydrochlorination of metallurgical
grade silicon and then disproportionates the chloro-
silanes in a catalyst bed to silane and silicon tetra-
chloride. Still other producers avoid silane altogether,
instead depositing silicon from chlorosilanes. Thus,

there exists a need to provide pure silane by an
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economical synthesis from readily available starting
materials.

The present invention is directed to the pro-
vision of pure silane gas by an economically feasible
route from readily available starting materials.

The present invention is a process for the pro-
duction of silane wherein silicon tetrafluoride is
reacted exclusively with sodium aluminum tetrahydride,
potassium aluminum tetrahydride, or a mixture of sodium
aluminum tetrahydride and potassium aluminum
tetrahydride.

The present invention is also a process wherein
the silicon tetrafluoride is introduced into the
reaction zone in nom-solid form.

The present invention is also a process wherein
silicon tetrafluoride is reacted with a specified
tetrahydride on a continuous basis in an inert liquid
reaction mixture whereby throughout substantially the:
entire reaction period the reaction mixture compriseé a
non-viscous slurry of by-product solids in said medium.

The present invention is also the mentioned con-
tinuous process wherein the molar ratio of by-product
solids to reactant tetrahydride is at least one.

The present invention also involves a process for
the production of silane wherein gaseous silicon tetra-

fluoride is introduced into an inert liquid reaction
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medium containing sodium aluminum tetrahydride and the
reaction medium is maintained at a temperature in the
r#nge of from 30 to 80 degrees Centigrade.

In a further embodiment, this invention provides
a process for the production of silane which comprises
introducing gaseousc silicon tetrafluoride into an
agitated, inmert liquid polyether reaction medium con-
taining sodium aluminum tetrahydride, the reaction
mixture being maintained (i) at a temperature in the
range of from 30 to 80 degrees Centigrade, (ii) at a
pressufe in the range of from atmospheric pressure up to
100 atmospheres, and (iii) under an atmosponere of
hydrogen, silane or both. '

A still further embodiment of this invention
involves a process for the economical production of high
purity silane gas, said process comprising the steps of:

(a) introducing gaseous silicon tetrafluoride

into an inert liquid reaction medium con-
taining sodium aluminum tetrahydride for
reaction at a temperature in the range of 0
to 150°C to produce high purity silane

gas and by-product solids, said liquid
reaction medium being further characterized
in that said by-product solids are
insoluble therein and said by-product

solids do not form a stable complex there-

with;
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(b) recovering high purity silane gas product;

(¢c) separating said by-product solids from said

liquid reaction medium; and

(d) separately recovering said liquid reaction'

medium and said by-product solids.

In another embodiment of this invention, the
foregoing process for the economical production of
silane gas is further characterized by being conducted
on a continuous basis whereby at least periodically, and
preferably continuously, (a) gaseous silicon tetra-
fluoride and (b) sodium aluminum tetrahydride dissolved
in fresh inert liquid reaction medium are separately
introduced into the inert liquid reaction medium in the
reaction zone, and at least periodically, and Preferably
éontinuously, (¢) silane gas product and (d) liquid
reaction medium containing said by-product solids are
withdrawn from the reaction zone.

In accordance with the present invention, pure
silane gas is produced from the reaction of silicon
tetrafluoride (SiF4)with sodium aluminum tetrahydride
(NaAlHA), potassium aluminum tetrahydride (KA1H4), or a
mixture of sodium aluminum tetrahydride and potassium
aluminum tetrahydride. The preferred reaction is _
silicon tetrafluoride with sodium aluminum tetrahydride.

Silicon tetrafluoride is readily produced as a

gas from fluosilicic acid (HZSiF6), a by-product of
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the phosphate fertilizer industry and also available
from other sources. Silicon tetrafluoride offers

several advantages over silicon .tetrachloride. For

example, the fluoride by-products obtained from reac-

tion with sodium aluminum tetrahydride or potassium
aluminum tetrahydride do not complex with the preferred
polyether reaction mediums and are therefore more easily
separated from the medium. By comparison, the counter-
part chloride by-products are soluble in the preferred
polyether medium and form stable complexes from which
solvent recovery is difficult making the overall
reaction less economical and less practical. While the
fluorides sometimes form a viscous slurry, they are,
nevertheless, ordinarily filterable for solvent
recovery. The solubility of sodium aluminum tetra-
fluoride, for example, has been measured at 0.55 weight
percent in diglyme at room temperature, whereas the
solubility of sodium aluminum tetrachloride has been
measured at about 30 percent in diglyme at room
temperature. |

The invention uses complex metal hydrides for
reaction with silicon tetrafluoride. The complex metal
hydrides of the invention include sodium aluminum tetra-
hydride and potassium aluminum tetrahydride. Alkaline
earth metal aluminum tetrahydrides, such as magnesium

aluminum tetrahydride Mg(AlH4)2 and calcium aluminum
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tetrahydride Ca(A1H4)2 are excluded from the
invention. The sodium aluminum tetrahydride is pre-

ferred for the invention since it is more easily

prepared and handled, is relatively stable, and forms

by-products which are generally insoluble in favored
liquid reaction mediums.

The process of the invention‘is preferably
carried out in a liquid reaction medium. The liquid
mediums of the invention include the polyethers such as
the dimethyl ether of diethylene glycol (diglyme), the
dimethyl ether of ethylene glycol (monoglyme), the di-
methyl ether of triethylene glycol (triglyme), the di-

methyl ether of tetraethylene glycol (tetraglyme), the

'dialkoxyl,4-dioxane, and 1,3-dioxolanes, tetrahydrofuran

(THF), hydrocarbons including toluene and Xylene; simple
aliphatic and aromatic ethers including diethyl ether
and diphenyl ether, and tertiary amines including
triethylamine, tributylamine, and N-methylpyrrolidine;
Liquid reaction mediums outside the preferred
class of polyethers are also generally somewhat water-
miscible. The hydrocarbon mediums provide low to
moderate yields of silane unless strong agitation, such
as a ball mill reactor, is used. -
The preferred liquid reaction mediums are the
polyethers. These include 1,4-dioxane, 1,3-dioxolane,

the diethyl ether of ethylene glycol, the dimethyl ether
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of ethylene glycol, the dimethyl ether of propylene
glycol, the dimethyl ether of diethyleme glycol, and the

like.

A more'preferred class of liquid reaction mediums

are the diloweralkyl ethers of alkylene glycols. These

include the diethyl ether of ethylene glycol, the di-
methyl ether of propylene glycol, the dimethylene ether
of diethylene glycol, and the like.

Still more preferred are the diloweralkyl ethers
of efhylene glycols. These include the dimethyl ether
of ethylene glycol, the dimethyl ether of diethylene
glycol, the dimethyl ether of triethyleme glycol, the
diethyl ether of diethylene glycol, and the like.

The most preferred medium is the dimethyl ether
of diethylene zlycol (diglyme). The preferred solvents
of the invention are those which provide reasonable
solubility for reactant sodium aluminum tetrahydride or
potassium aluminum tetrahydride.

It is preferable to carry out the reaction with a
stoichiometric excess of the tetrahydrides of the
invention, preferably an excess of sodium aluminum tetra-
hydride. The reactant silicon tetrafluoride often
contains boron impurities which detract from the value
of the silane when used for the production of ultrapure
silicon. The excess tetrahydride reactant ties up the

boron contaminants within the liquid reaction medium.
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The concentration of tetrahydride in liquid
reaction medium is preferably at least about two percent
by weight of the liquid reaction medium in a batch
process. Lower concentrations are uneconocmical and
contribute to problems in the recovery of by-products
and reaction medium. Concentrations as low as one per-
cent by weight tetrahydride of teacfion medium are
comnercially impractical inm a batch process. Also, too
large an amount of reaction medium requires unnessarily
high agitation power requirements.

‘The preferred reactant, sodium aluminum tetra-

bydride, is preferably introduced as a solution in a

polyether reaction medium and gaseous silicon tetra-

fluoride is added thereto for synthesis of silane.

The inventive process may be carried out over a
broad range of temperatures. For example, silicon
tetrafluoride may be metered as a gas and condensed into
a reaction zone where it is frozen to a solid. There-
after, as the temperature of the system is raised, the
silicon tetrafluoride begins to react with reactant
sodium aluminum tetrahydride, potassium aluminum tetra-
hydride, or mixture of sodium aluminum tetrahydride and
potassium aluminum tetrahydride. The silicon tetra-

fluoride may be frozen with liquid nitrogen at about

-196°¢.
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A suitable reaction temperature range extends up
to the temperature where cleavage of the liquid reaction
medium occurs and ofher reactions may then interfere
with the invention. An applicable reaction temperature
range extends up to about 160°C. A preferred fange
for ether reaction mediums is 0 to 80°C. A more pre-
ferred range, especially for those reactions of the
invention using ether-type liquidrreaction mediums is 40
to ZOOC. The most preferred reaction temperature
range is 50-60°C.

‘The process of the invention may be conducted at,
above, or below atmospheric pressure, but pressure does

not strongly affect the reactivity of silicon tetra-

fluoride with sodium aluminum tetrahydride, potassium

aluminum tetrahydride, or a mixture of sodium aluminum
tetrahydride and potassium aluminum tetrahydride. A
suitable range of reaction pressures is ome to omne
hundred atmospheres. A preferred range is about one to
forty atmospheres. Notably, the solubility of silicon
tetrafluoride is about 0.75 percent in dyglyme at atmos-
pheric pressure and is about five percent in diglyme at
500 psig.

The reaction may be carried out under an inert

atmosphere. Conveniently, a silane atmosphere,

optionally with a hydrogen sweep, is maintained as the

product is evolved above a reaction zone, preferably in
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a liquid reaction medium. Argon, helium, nitrogen, and
other inert gases may.also be used.

The inventive process is preferably carried out
with mechanical or other agitation. Agitation is im-
proved above 50°C in diglyme where the slurry
viscosity decreases markedly.

The reaction is almost instantaneous at most
reaction conditions. Where silicon tetrafluoride gas is
bubbled into a liquid reaction medium, pure silane gas
is readily evolved.

‘The reaction may be carried out without a liquid

reaction mixture where silicon tetrafluoride is provided

to the tetrahydride in an agitated reaction vessel such

as a ball mill reactor. The ball mill reactor and
similar apparatus are also preferred for certain
reaction mediums such as hydrocarbons. A high shear
agitation effects better reaction when such mediums are
used.

Since the reaction is somewhat exothermic,
evolved heat may be removed by circulating the
reactants/reaction slurry through an external heat
exchanger or using an internal cooling coil.

A preferred embodiment of the invention is the

continuous feed of silicon tetrafluoride gas and sodium

-aluminum tetrahydride dissolved in diglyme. This

embodiment includes operation of the .reaction in a
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continuous back-mixed reactor, operated at conditions
approaching completion of the reaction. Once the molar
concentration of the by-product solids in the slurry of
the reaction zone exceeds the molar amount of tetra-
hydride reactant, the consistency of the slurry goes
from a high viscosity (thick) to a moderate viscosity
(thin). This is favorable to mass fransfer of the
gaseous silicon tetrafluoride to the liquid slurry and
therefore, a more complete and rapid reaction results.

Contrary to the batch process of the invention,
the concentration of tetrahydride in the liquid reactiom
medium may well, and preferably does, fall below two
percent by weight of the reaction medium in a continuous
process. The advantages of the continuous process
override any problems mentioned above with respect to
the batch process.

The following examples further serve to illu-
strate the invention.

EXAMPLE 1

To a 50 mL three-necked, round bottom reaction
flask was added 10 millimoles of sodium aluminum tetra-
hydride (NaAlH4) as a 4% solution in diglyme. The
£lask was connected to a gas collection train and purged

with prepurified hydrogen. A one-eighth inch diameter

.polytetrafluoroethylene tube was connected to a

reservoir of silicon tetrafluoride gas with one end
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extending into the flask below the surface of the sodium
aluminum tetrahydride/diglyme solution. A condenser
following the reactor was cooled with a mixture of dry
jce and acetone and a product trap was chilled in liquid
nitrogen. Magnetic stirring was started and silicon
tetrafluoride was bled in beneath the surface of the
solution at a feed rate of 10 millimoles over a thirty
minute period. The temperature of the diglyme solution
of sodium aluminum tetrahydride was 50°C when the
silicon tetrafluoride feed was started and gradually
rose to a final temperature of 60°C. After the
addition of about 10 millimoles silicon tetrafluoride,
the reactor and collection system were swept witﬁ
hydrogen for an additional 30 minutes. The valve
between the condenser and the product trap was blocked
and the trap and collection system were evacuated. The
calibrated section was isolated and the condensed
product was permitted to vaporize into it. The amount
of gaseous product was calculated by means of the ideal
gas law based upon observed initial and final pres-
sures. A sample was analyzed by mass spectrometry and
the yield of silane was 99 percent based on sodium
aluminum tetrahydride charged.
EXAMPLE 2
The general procedure of ﬁxample 1 was followed

except that the reaction was conducted at 60-70°cC.
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The silane yield on sodium aluminum tetrahydride was 90
percent.
EXAMPLE 3
The general procedure of Example 1 was followed
except that the reaction was conducted at 55°C and 30
psig pressure. Also, a slight stoichiometric excess
(1.0:0.97) of silicon tetrafluoride was used. The yield

after one hour was 96 percent and the product silane

contained some silicon tetrafluoride gas.

EXAMPLE 4

The same general procedure of Example 1 was fol-
lowed except that the reaction was conducted at 50°C
and 60 psig. The yield was 80 percent and the pfoduct
silane contained some silicon tetrafluoride.

EXAMPLE 5

The same general procedure of Example 1 was fol-
lowed except that the reaction was conducted at 50°C
and 53 psig. Also, a stoichiometric excess (1.0:1.2) of
sodium aluminum tetrahydride was used. The yield was 96
percent silane, free of silicon tetrafluoride.

EXAMPLE §

The same general procedure of Example 1 was
followed. However, the sodium aluminum tetrahydride was
supplied as a six percent solution in diglyme and the
reaction was conducted at 50°C and.60 psig. Also, a

stoichiometric excess (1.0:1.2) of sodium aluminum
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tetrahydride was again employed. After two hours, the
97 percent yield of silane was again free of silicon

tetrafluoride.

EXAMPLE 7
The general procedure of Example 1 was followed.
However, the sodium alumninum tetrahydride was supplied

as a five percent solution and the silicon tetrafluoride

was fed above the surface of the liquid reaction

medium. A stoichiometric excess (1.0:0.91) of silicon
tetrafluoride was reacted at 50°C and atmospheric pres-
sure. .The yield of silane after two hours was 98
percent.
EXAMPLE 8
The same general procedure was followed as in
Example 1 except that the liquid reaction medium also
contained some tetrahydrofuran and the reaction was con-
ducted at 25-50°C. The yield of silane was 86 percent.
EXAMPLE 9
The same general procedure of Example 1 was fol-
lowed except that the sodium aluminum tetrahydride was
tecrystallized prior to use. The reaction at 55°C and
33 psig provided a silane yield of 86 percent after omne
hour.
EXAMPLE 10
The same general procedure of Example 1 was fol-
lowed. A stoichiometric excess (1.0:1.3) of recrystal-

lized sodium aluminum tetrahydride was employed in a 4.5
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percent solution of dimethoxyethane at 23°C and atmos-
pheric pressure. The silane yield after one hour was 84
percent. ' .

It is possible to conduct the inventive process
with the introduction of seed materials into the reac-
tion zone. The seed materials include MgO, NaZSiF6,
CaC04, KF, and others. Also, some runs were made
under similar conditions to those in the examples above’
with similarly good results.

Examples 11 and 12 demonstrate the addition of
seed materials to the reaction mixture.

EXAMPLE 11

The same general procedure of Example 1 was fol-
lowed except that about 20 millimoles MgQO was also put
into the reaction mixture with the sodium aluminnum
tetrahydride. The silane yield was high and the by-
product slurry was more quickly filtered than the slurry
from the Examples above.

EXAMPLE 12

The same general procedure of Example 1 was fol-
lowed except that 4 millimoles sodium fluosilicate
(NaZSiF6) were added to the reaction mixture. The
yield of silane was 94 percent and the nature of the

by-product solids was changed.
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‘Some experiments with methyl tert-butyl ether,
diphenyl ether, and toluene reaction mediums provided
low yields (less than 10%, 5%, and less than 1%,
respectively) of silane, but use of high shear agitation

5 apparatus with reaction mixtures employing these liquid

mediums would increase the yield.
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CLAIMS:

1. A process for the production of silane char-
acterized in that silicon tetrafluoride is reacted
exclusively with sodium aluminum tetrahydride, potassium
aluminum tetrahydride, or a mixture of sodium aluminum
tetrahydride and potassium aluminum tetrahydride.

2. The process as claimed in Claim 1 in which
the silicon tetrafluoride is introduced into the reac-
tion zone in gaseous form.

.3. The process as claimed in Claim 1 in which
the reaction is conducted in an inert liquid reaction
medium.

4. The process of as claimed in Claim 3 in which
said polyether is a diloweralkyl ether of an alkylene
glycol.

5. The process as claimed in Claim 3 in which
said polyether is the dimethyl etbe£ of diethylene .
glycol.

6. The process as claimed in Claim 3 in which
said polyether is the dimethyl ether of ethylene glycol.

7. The process as claimed in Claim 1 in which
the reaction is conducted with agitation in an inert
liquid reaction medium under an atmosphere of hydrogen

or silane, or both.
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8. The process as claimed in Claim 1 in which

239

silicon tetrafluoride is reacted exclusively with sodium
aluminum tetrahydride. .

9. The process as claimed in Claim 8 in which
gaseous silicon tetrafluoride is introduced into an
jnert liquid reaction medium containing sodium aluminum
tetrahydride and the reaction medium is maintained at a
temperature in the range of from 30 to 80 degrees
Centigrade.

10. The process as claimed in Claim 9 in which

the silicon tetrafluoride and the sodium aluminum tetra-

- hydride are proportioned such that throughout substan-

tially the entire reaction period the amount of the
sodium aluminum tetrahydride is in excess of the
stoichiometric amouﬁt of the silicon tetrafluoride
employed.

11. The process as claimed iﬁ Claim 9 in which
said reaction is carried out at a temperature in the ‘
range of 50 to 60 degrees Centigrade and a pressure in
the range of from one to 100 atmospheres.

12. The process as claimed in Claim 9 in which
said gaseous silicon tetrafluoride is introduced into an
agitated, inert liquid polyether reaction medium con- .
taining sodium aluminum tetrahydride, the reaction
mixture being maintained (i) at a temperature in the

range of from 30 to 80 degrees Centigrade, (ii) at a
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pressure in the range of from atmospheric pressure up to
100 atmospheres, and (iii) under an atmosphere of

hydrogen, silane or.both.
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