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Abstract�The possibility of preparing high-purity silicon tetrafluoride by the thermal dissociation of pure
grade Na2SiF6 was studied. The impurity composition of the product was studied by IR and atomic emission
spectroscopy and by mass spectrometry.

High-purity silicon tetrafluoride SiF4 is used for
preparing fluorine-doped amorphous hydrogenated
silicon [1] and ion implantation of silicon and fluorine
into gallium arsenide [2]. Because SiF4 has no in-
trinsic absorption bands, it is also used as doping
additive to decrease the refractive index of quartz
glass, which is very important in manufacture of
quartz fibers [3]. Also, silicon tetrafluoride is a con-
venient compound for centrifugal separation of silicon
isotopes [4].

The methods for preparing SiF4 can be subdivided
into four groups.

(1) Reaction of elemental silicon with fluorinating
agents F�, SF6, UF6, NF3 [5�10], which is a complex
procedure requiring sophisticated equipment.

(2) Fluorination of silicon dioxide [11�15]. This,
however, involves problems with hydrolysis of SiF4
by the reaction by-product, H2O.

(3) Fluorination of silicon tetrachloride [16�22].
With SiCl4 as the initial compound, it is necessary to
treat SiF4 to remove impurities of mixed fluorochloro-
silanes.

(4) Preparation of SiF4 from hexafluorosilicic acid
H2SiF6 and hexafluorosilicates of alkali (Li, K, Na)
and alkaline-earth (Ba, Ca) metals [23, 24]. It is
possible to decompose H2SiF6 [25�27] or metal hexa-
fluorosilicates [28�30] with concentrated acids (H2SO4
or H3PO4). However, silicon tetrafluoride obtained
by acid treatment has low purity.

Thermal dissociation of metal hexafluorosilicates is
the preferential method [31, 32]. The method is eco-
nomical and environmentally safe. It was found [33]
that SiF4 obtained by this method from Na2SiF6 is
relatively pure, because solid sodium fluoride sorbs
impurities. The content of the impurities in Na2SiF6

and SiF4 obtained from it is presented in the table
[34]. The relative intensity of ions in the mass spec-
trum of SiF4 is as follows [34]: SiF3

+ 96.9, Si2OF6
+

3.04, and SO2F3
+ 0.076.

The dissociation pressure of Na2SiF6 within 298�
968 K has been determined in [35]. A study [36] of
the effect exerted by CO2, SiO2, ZrO2, and HfO2 on
the Na2SiF6 thermal dissociation showed that addition
of SiO2 considerably decreases the dissociation rate.
The thermal dissociation of K2SiF6 in the liquid phase
(K2SiF6�KCl eutectic) is slower than in the solid

Results of plasma-assisted emission spectroscopic analysis
����������������������������������������

Element
� Content c � 104, wt %
��������������������������������
� in Na2SiF6 � in SiF4

����������������������������������������
Li � 0.2 � 0.01
Na � � � 1.8
K � 8.0 � 0.3

Mg � 6.4 � 2.3
Ca � 18 � 1.6
B � 0.8 � <0.01
Al � 1.3 � 1.2
P � 5.0 � 0.08

As � 0.2 � 0.28
V � 0.3 � <0.01
Cr � 8.8 � <0.01
Mn � 0.4 � 0.16
Fe � 38 � 0.04
Co � 0.7 � <0.01
Ni � 4.2 � <0.01
Cu � 0.6 � <0.01
Zn � 1.0 � <0.01
Pb � 5.0 � 0.03
Mo � 1.0 � <0.01
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Setup for the silicon tetrafluoride synthesis. For comments,
see text.

phase [37]. The influence of the H2O partial pressure
on the K2SiF6 thermal dissociation was studied in
[38]. It was found that the SiF4 being formed reacts
with H2O even at a low partial pressure of water
vapor to form various gaseous and X-ray amorphous
solid fluorosiloxanes.

EXPERIMENTAL

In this study, SiF4 was prepared by thermal dis-
sociation of pure grade sodium hexafluorosilicate
Na2SiF6. In this case, the yield of SiF4 approaches
100%, whereas in the case of the K2SiF6 thermal dis-
sociation it is considerably lower owing to K3SiF7
formation [39]. Moreover, NaF formed in this reaction
can be used for sorption purification of SiH4 to re-
move SiF4 impurity in the course of preparation of
silane from silicon tetrafluoride.

The impurity content in pure grade Na2SiF6, as
determined by laser mass spectrometry, is presented
below:

Impurity Content, Impurity Content,
element at. % element at. %

B 1�10�1 Cl 1�10�3

C 3�10�2 S 2�10�3

Mg 4�10�3 Ca 3�10�2

Al 4�10�4 Cr 5�10�5

P 2�10�2 Fe 2�10�3

The content of Sc, Ti, V, Mn, Co, Ni, Cu, Zn, Ga,
Ge, As, Se, Br, Rb, Sr, Y, Zr, Nb, Mo, Ru, Rh, Pd,
Ag, Cd, In, Sn, Sb, Te, I, Cs, Ba, Hf, Ta, W, Re, Os,
Ir, Pt, Au, Hg, Tl, Pb, and Bi impurity ions and lan-
thanides is below the detection limit of this method
(1 � 10�4

�2 � 10�5 at. %).

A setup for the silicon tetrafluoride synthesis is
shown schematically in the figure. The synthesis was
performed in a stainless steel reactor 1 equipped with
a resistance heater 2. The temperature of the heater

was adjusted to within �0.5�C with an R-133 preci-
sion temperature controller and a U-013 power ampli-
fier and measured with a Chromel�Alumel thermo-
couple 3. A stainless steel boat 4 charged with about
3-kg portion of Na2SiF6 was placed into the reactor.
The salt was preliminarily dried at 250�C in a vacuum
or in a nitrogen flow. Moisture and gases released
during preliminary evacuation of Na2SiF6 were con-
densed in a trap 5 cooled with liquid nitrogen.

The thermal dissociation of the salt was performed
at 500�620�C in a vacuum. Since the Na2SiF6 ther-
mal dissociation is a reversible reaction and the degree
of dissociation is pressure-dependent, the forming
SiF4 was fed continuously into a 4-l metallic cylinder
6 cooled with liquid nitrogen.

The pressure in the reactor and the rate of the SiF4
flow from the reactor into the receiving cylinder were
monitored with vacuum gage 7 and rotameter 8, re-
spectively. To remove suspended particles, SiF4 was
allowed to pass through a Petryanov cloth filter 9;
10�17 are stopcocks. The SiF4 yield in the process
approached 100%. Up to 1.5 kg of SiF4 can be ob-
tained on this installation in one process cycle.

The SiF4 thus obtained was analyzed for the con-
tent of molecular impurities by mass spectrometry and
IR spectroscopy [40]. Both methods revealed hexa-
fluorodisiloxane as the major impurity. Its content in
SiF4 amounts to several percents, which agrees with
the data of [34]. The mass spectrum contained no
lines assignable to the BF3 impurity. The content of
metallic impurities in the silicon tetrafluoride ob-
tained, which were concentrated by distilling off the
matrix and then analyzed by atomic emission spec-
troscopy, is presented below:

Impurity Content, Impurity Content,
wt % wt %

Al 1�10�8 Mn 3�10�10

Ni <2�10�8 Ca 7�10�8

Co <7�10�8 Pb <2�10�8

Ag <3�10�10 Sn <2�10�8

Cd <3�10�8 Cu 2�10�9

Fe 7�10�7 Ga <4�10�9

Cr 3�10�8 Sb <1�10�7

Mg 1�10�7 In <1�10�8

To perform further isotopic enrichment and use
SiF4 as a doping additive in manufacture of quartz
fibers, it was additionally purified by distillation.

CONCLUSION

High-purity SiF4 was obtained by thermal dissocia-
tion of pure grade Na2SiF6. IR spectroscopy and mass
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spectrometry revealed hexafluorodisiloxane as the
major molecular impurity in SiF4. According to the
data of atomic emission spectroscopy, the SiF4 pre-
pared contains about 10�7 wt % metallic impurities.
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