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SUMMARY

Plasma (H-O-H) chemica process for conversion of slicon tetrafluoride — avoluminous by- product
in HF and UF; production - to silicaand hydrogen fluoride has been studied and demonstrated in
the bench-scde plant. The processis tested on alarge scale to utilize SF, from the off-gas of a
hydrofluoric plant. The SIF, - conversion rate reaches 99.5 %, the concentration of resulted HF-
addisinrange 42 - 45 %. Silicais produced in the form of g-tridymite having specific surface area
of 200 nt/g and particle mean sizeof 9 m

During the long-time testing in the ARRICT there afew tons of SF, were reprocessed. The
experimental results are based upon representative Satistic material.

INTRODUCTION
The dlicon tetrafluoride (SF ) is aby-product of the hydrometdlurgica processes where silicate or

siliceous ores containing fluorine are subjected to acidic treetment. The process of hydrogen fluoride
production by dissolution of fluorospar in sulfuric acid is shown schematicaly in Figure 1.
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Figure 1. Generd scheme for production of hydrogen fluoride from fluorospar.

Asaresult of thisprocess, up to 4 % of fluorineinitidly containing in fluorospar islost in the from of
SF, polluting the environment of area of hydrofluoric plants. It is very difficult to utilize fluorine from
SF, because of its extremely high thermal stability. The problem grows more complicated when
SF, isacomponent of gas mixture containing air and other components.

Off- gas after hydrofluoric plants contains silicon tetrafluoride because of presence of dlicain araw
materid caled fluorospar. Asresult, there are at least four economical, technical and socid
problems at these plants:
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1. Incomplete extraction of fluorine from fluorospar.

2. Harmful action of fluorine-containing substances to environment.

3. Very complicated utilization of SIF, because of its extremely high chemica and thermal stability.
4. Silicon tetrafluoride is diluted with air and other gases.

The plagma process was worked out to convert silicon tetrafluoride (pure and containing in off-gas
of ahydrofluoric plant) to disperse silicaand hydrogen fluoride using an arc water plasma generator
[1]. Totd process is described by the following reaction:

SF, (g) + 2H-O-H (plasng) ® S0, (c) +4HF(g), DH~ 87k¥mole

Theresults presented below are the large-scde follow-up of  the previous R&D stage published
earlier (1).

EXPERUMENTAL

According to the sdlected scheme, a gas mixture containing 15 - 30 % slicon tetraftoridein a
quantity of 12 -15 nm?/h are compressed to the pressures of 107- 127 kPa and fed to the plasma
reactor where these gases are mixed with the (H-O-H) plasma generated by arc plasma generator.
Silicaand gaseous mixture conssting of hydrogen fluoride, superfluous water vegpor and ar are
separated with help of fine metalloceramic filters. Hydrofluoric acid is condensed from gasflow in
the condenser, collected in trangport containers and directed to the following processng. When a
hydrofluoric acid is concentrated enough we used rectification for producing waterless hydrogen
fluoride returning azeotrope mixture HF-HOH to the plasma reactor.

SF, in the plasma reactor converts stoichiometrically. Hereby the yield of hydrogen fluoride is a
function of temperature of chemically reacting system. But when SIF,, contains in amixture with ar
one must use an excess of water plasmato redlize quantitative conversion of SIF,,

Below are shown the apparatus scheme (Figure 2) and the appropriate flow sheet (Figure 3). A
rectification column was not used in this variant: concentrated hydrofluoric acid was reused for
treatment a fluorospar to produce gaseous HF. The agpparatus consists of the following primary
units Sk, - supply; plasmareactor combined with filtration system and device for discharging slica;
condenser and HF-acid collector; HF - desorption unit.

The plasma apparatus has the following operation parameters:

power of arc plasma generator, KW 120-140;
water plasma supply, kg/h 25-30;
gas exhaust supply, nm /h up to 35;

concentration of SIF,, % 15-30;
oecific expenditure of energy, KW*hT 2,0-2,5;

productivity on SO, kg up to 25;
productivity on HF, kg/h up to 35;

concentration of HF acid, % 50-55.
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Figure 2. The apparatus scheme of apilot plant for conversion of silicon tetrafluoride in (H-OH)-
plasma 1-compressor; 2-plasmatron; 3-reactor; 4-filter; 5 intermediate container; 6-container; 7-
condenser; 8-steam hester; 9-collector; 10-vessd; 11-mixer; 12-desorber.

A didtillation column is not used in this scheme: we produced concentrated hydrofluoric acid was
recycled back to the gpparatus for producing hydrogen fluoride from fluorospar. Additiondly, the
apparatus includes a plasma generator and instruments for cantrol and regulation.

Technologica parameters of the process are shownin Table 1. Table 2 presentsthe
compoasition of source and find gas mixturesin large scae experiments. One can see that the initid
gas mixture contains 818 /. SiF,. So far asSiF,, is very diluted one must use large excess of
seam. Therefore the hydrofluoric acid obtained is diluted and gpplication of rectification is
unprofitable. Thet iswhy the scheme of converson of SF, was simplified: we returned the
hydrofluoric acid obtained to the gpparatus for producing HF from fluorospar.
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Figure 3. Flow sheet for plasma conversion of voldtile fluorides.
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Table 1. Parameters of industrial plasma corverson of SF , in off-gas of a hydrofluoric plant

N exp| Plasma | Steam Gas |H)O/SF4| Mixing Full Sk, [HF],
Torch supply, f|O\3N, ratio Zone |conversion|conversion| % mass.
Power, kW| kg/h | nm/h temp., time, s* rate, %
K
1 120 30 28 8,0 2600 0.01 99,5 42.2
2 120 30 36 13,0 2100 0,01 94,0 26,3

*) Time of conversion was determined using mathematical modeling (to be published later)

Table 2. Gas compodtion at the inlet and the outlet of the plasma reactor

N exp. | Gas probe Concentration of components, % val.
loction  ["gr " T por, [ o, N, HE | Other gases
1 Inlet 18,8 0,2 102 | 541 0,0 16,7
Outlet 0.1 0,0 64 | 672 | 00 26,3
2 Inlet 8,2 0,0 6.9 73,4 1,2 10,3
Outlet 05 0,0 7.3 82,0 0,4 9.8

Composition of hydrofluoric acid produced from the off-gas of ahydrofluoric plant is presented in

the Table 3. This product was recycled for trestment a fluorospar; as result, the yied of gaseous HF
increased by 4% .

Table 3. Composition of hydrofluoric acid produced by plasmahydrdysisof SF, after hydrofluoric

plant
N exp. Content of the congtituents, % mass. Conversion efficiency
(SF, > HF), %
HF H,SF, H,SO, SO,
1 40,0 2,40 2,21 0.001 97,8
2 42,14 341 164 0,001 97,1
3 46,09 2,08 0,98 0,017 98,0

Some properties of second product - silica are presented in Table 4. The product has low bulk
density, relatively large specific surface area; one can see that additiona thermd treatment of the
powder in adischarge from the reactor into a container resultsin decrease of a specific surface area.
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Asarule, the values of specific surface areaof SO, powder isin the range from 120 to 212 n¥/g.
Its bulk dendity is of 0,05-0,07 g/cn? without shaking, and of 0,09 g/cm?® after shaking, the size of
SO,-particlesis near 0,08-0,1 m

Table 4. Properties of slica produced by plasma converson of SF, from the off-gas of a

hydrofluoric plant
Location of | Bulk density, S0, Resdud Specific Residua Fluorine,
the probe glom® (powder), moisture, surface area, % Mass.
% mass. % mass. m’/ g
Filter 0,07 - 0,096 93,5 0,19 212 3,1
Container | 0,05- 0,07 89,7 2,17 127 3,5

The silicaproduced here as a by product can be used as afiller for rubber articles, as heat and
electricity insulator. We studied the physical properties of the product. The values of specific surface
area of SO,-powder were in the range from 120 to 212 n? /g, itsbulk density was of 0,05
0,07g/cn? without shaking, and of 0,09 g/cm?® after shaking, the size of SO,- particles were of
0,08-0,10u. X-ray analysis of dispersesilicaproduced by SF,- plasma converson reveals
metastable form of g-tridymite.

Hest conductivity of the pressed SO, pellets was determined depending on temperature (Figure
4). Itwasfoundthat hest conductivity of this materia islower that heet conductivity of the best
high temperature heat insulator - naturd quartz.

Moreover, it was found that Slica obtained is very good insulator in spite of impurities of fluorine
and other dements from the raw materid used (Figure 5).

The method of adationary uni-axia therma flux was used for measurement the heet conductivity
and specific resstance of the dlica During the reported here R& D afew metric tons of SF, were
treated. So, the presented results are based on alarge Satistic material on production of
hydrofluoric acid and disperse silica

CONCLUSIONS

From the results of research and development of the plasma process presented we found that a
leest three technical and socid problems can be successfully solved:

- increasing liberation of fluorine from fluorospar up to 99,9 %;
- preventing pollution of environment by gaseous SFF ;
- producing disperse silicain crystdline or amorphous form.
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The converson rate of SF, increases with increasing the mole ratio H,O/SF , at constant
temperature, reaching 99,9 % at T=3000 K and H,O/SF, ~ 6-8. However, when the mole ratio
H,O/SF, is essentialy more than stoichiometric vaue - 2, concentration of HF-acid islowered. It
was found, that main factor defining high converson rate of SF, to SO, and HF-acid in
combination with high concentration of HFacid, is the temperature in the plasma reactor. Thus, to
produce hydrofluoric acid of mass concentration near 45 %, a conversion step of SF, of 95,7, one
must have the temperature in the converter more than 2500 K and the mole ratio H,O/SIF, = 5.

The by- product of the process is a disperse silicawhich meets the market requirements as afiller in
rubber aticlesand as a materid for heat and dectrica insulators.
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