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Abstract: An optiniizéd procédute for production of calcium fluoride (CaF,) based on a reacfion;of'lime- . -
stone (CaCOy) with hexafluorosilicic acid (H,SiFe) is proposed. Silicic acid (5i0,nH,0) and carbon dioxide (CO2)
are obtained as secondary products of the process. The conditions for favorable and complete realization of this reac-
tion which have been studied are the following: the required quality of the raw materials (limestone and hexafluoro-
silicic acid), the mass ratio between carbonate and water in the initial suspension, the concentration of hexafluoro-
silicic acid that is introduced into the suspension, the needed pH of the solution to complete the reaction, the time
needed for adding the acid and for mixing the suspension, the method of separation of the products and their treat-

ment, etc. Very high guality products are obtained using this

procedure. The obtained calcium fluoride contains 94—

97 % (m/m) CaF;, calculated for dry substance. The content of CaCO, is lower than 1 % and the content of Si0, is
below 3 %. The yield of the secondary produet silicic acid contain is also very high, from 92-96 % SiO, (calculated

for dry substance).

Key words: calcium fluoride; pm&uq::tion; limestone; hexafluorosilic acid; silicic acid

INTRODUCTION

The utilization of calcium fluoride (Ca)%g) and
silicic acid (SiO2'nH;0) in different areas of indus-
try is very high. Their application is very much
dependent on their purity, which has lately moti-
vated a lot of researchers to work on developing
procedures for obtaining these products by differ-
ent methods.

From literature data different methods using
various approaches in the synthesis of CaF, are
available. Calcium fluoride is obtained in different
ways: by reaction of CaCl, with gaseous HF (Hass
and Kemnitz, 1979); by dilution of CaCOs in ex-
cess of HF (Fomin et al; 1986); by reaction of
CaS0O, with NH4F (Saiko et al., 1992). CaF; can
also be obtained by treatment of M,SiFs (where
M = Na or K) with hydroxides of the same metals
where the product is MF, which in reaction with
Ca(OH), gives CaF; (Zelikin and Bakulina, 1957).

CaF, can be synthesized using reactions with
ammonia or ammonia solutions, as well (Rodin et
al., 1978; Tumanov et al., 1989).

The synthesis of CaF, can also be performed
by adding H,SiF in a solution of Ca(OH); at tem-

peratures near the boiling temperature of the solu-
tion (Sidkar, 1981). A lot of procedures for obtain-
ing CaF, by reaction of H,SiF with various reac-
tants are available in literature (Volfkovich and
Gabrielova, 1952; Tumanov et al.,1989; Gabryel et
al., 1989; Gordeev, 1991; Babkin et al., 1992; Sta-
filov et al., 1997). '

The main goal in developing new methods or
improving the existing procedures for obtaining
different products is to achieve products with
higher quality using cheaper and simpler methods.

Starting with this assumption, in this work an
original procedure is developed for manufacturing
of calcium fluoride (CaF,;), silicon acid
(SiOynH,0), and at the same time of carbon diox-
ide (CO,). For this procedure cheap raw materials:
limestone (calcium carbonate — CaCQOs), in which
Republic of Macedonia is very reach and
hexafluorosilicic acid (H,SiFg), which is also
available. The results from this study enable intro-
ducing the proposed procedure with industrial di-
mensions in production of the cited products.
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EXPERIMENTAL

All experiments were performed using CaCO;
(p-a.) from Merck and granulometric content below
16 pm (100 %), and H,SiF4 (purum) from Fluka.

Here, it is important to point out that all ves-

the possible corrosion of metal and glass by H,SiFg
(probably because of the presence of HF).

The synthesized CaF; was analyzed by the
standard GOST 7619.0-81 and the silicic acid by

sels and instruments used in the laboratory work the standard GOST 4214-78.
were made of plastic material or Teflon to prevent
RESULTS AND DISCUSSION

The basis of this process is the reaction be-
tween calcium carbonate (CaCQO;) and hexafluoro-
silicic acid (H,SiFg):

3CaCO; + H,SiFs + mH,0 = 3CaF; + SiOz-anO +
3CO, .

The influence of many factors on the per-
formance of this reaction aimed towards obtaining
high quality products and complete realization of
the reaction was studied. That is the reason for this
thorough study for establishing the optim'um values
of all the relevant parameters mvolved in the reac-
tion. :

The procedure for synthesis of Can by reac-
tion of CaCQO; and H,SiFs was based on introduc-
ing a solution of the acid in the reaction mixture
composed of suspension of CaCO; in water. Many
syntheses were performed in order to establish the
opt:mum mass ratio of CaCO, and water in the
suspension. The mass ratio was varied from 1:5 to

1:35, and the concentration of the added acid was -

varied in the range from 5 to 24 % ’I‘he results of
these experiments show that the T re.acuon is pearly
completed (the obtained CaF; wi,’ ,Q?C();‘contcnt
below 1 %). As expected, when more diluted ac:

_is-added, it is‘necessary to adihighenWOIUmes of
‘the'solution’in“order- to’:oompletg‘f_ i A
for the quahty of ‘the ‘obtdined Garizvmnmwd by
the content of 'Si0;), ‘best: result& W’bbtmned
when the reaction was performed; using: suspension
with a mass ratio of CaCOj andfwaterhigher than
1:15. This can be attributed to the:fact:thatthe gel
of silicic acid in more viscous suspensions can eas-
ier coprecipitate on the obtained-product (CaF).
On the other hand, suspensions: with-smaller con-
tent of water are favorable because:of the energy
‘needed for evaporation of the-water from' the fil-
trate, but in those cases the qua.bty would not be
the best. i

‘tent of CaCO; and SiO; are’ hlgh T,

‘higher than 1% and the conten

The results of the investigations show that
almost in the whole assayed concentration range of
the acid (5-24 %) the reaction is completed and the
quality of the products is satisfactory. Because of
the needed little volume of the solution at the end
of the reaction, higher concentration of the acid
solution, which is added to the aqueous suspension
of CaCOs, is preferred. The optimal concentration
suggested for this procedure is 15 % of H,SiFs.

The influence of the final pH-value at the end
of the reaction on the quality of the obtained prod-
ucts was investigated, as well. For this investiga-
tion, syntheses with varying pH-values of the solu-
tion in the range from 1.5 to 7 were performed. In
the cases with low pH-values, bigger volumes of
the acid solution are added, which induces higher
content of this acid in the obtained silicic acid. On
the other hand, higher pH-values cause remains of
CaCO; that have not been used in the reaction to
become part of the product and to reduce its qual-
ity. The investigation for establishing the optimum
pH-value showed that at pH-values below 2 the
solubility of CaF, is higher, which causes loss of it
during filtration (yield of CaF, lower than 80 %).
In this case the content of CaCO; is 0 ‘and lhe con-
tent of SiO; is less than 2 %. Whenr i’ncmamng the
pH-value, the yield of CaF{'is highéF}Biit the cor-

T A8 v:'cil{‘-Af‘pH-
values higher than 6,5 the content’ of €aCO; is
' gl‘-S‘lﬁrﬁlgher
than 3 %. All these results bring ﬁ"théﬁtonclusmn
that the optimum pH-value is in’ mngc between 2
and 6.5.

The time needed to add the acid solution and
mix the suspension after adding the acid has a
double influence on the process. For industrial use,
the time needed to for the reaction mixtare to re-
main in the reactor is very important beécause it
controls the capacity of the production equipment.
On the other hand, the duration of these steps de-
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termines the quality of the products. For that rea-
son the optimal duration of adding the acid solu-
tion was investigated using the previously estab-
lished optimal mass ratio between CaCO; and wa-
ter, acid concentration and pH-value of the solu-
tion. The time for adding the acid solution was var-
ied from O to 60, minutes and, for every investi-
gated duration of adding the acid, different period
of mixing was employed, in the range from 0 to 60
minutes. The results show. that the optimum period
for adding the acid solution is longer than 30 min-
utes. Longer than 30 minutes duration of this step
enables complctcb};%a;gzauon of the reaction and

better quahty of thggb,h;ml_x}g products, but it is not
favorable:from ecpnomiospoint:of view. So the pe-
riod of 307 mmutwéis’fsu‘ggested as the optimum
time for a:ddmg th,e_ Baxy ‘quantity of acid. The
results of the my&stlgn,uqn show that the optimum
duration of mixing. must.not be below 30 minutes.
It is also important to-mention that the way and the
type of mixing has an influence on these periods. It
is beneficial to have a mixer with high rotation
speed.

The results of the investigation show that the
temperature has no significant influence on the
quality of the products when the reaction is per-
formed in the temperature range between
15 and 35 °C.

As expected, a vital influence of the efficient
filtration (separation) of CaF, from the solution of
the -dilutéd’ silicic acidon :the; quality of the ob-
tained products was demonstrated. When the filtra-
tion is performed slowly, often the obtained CaF,

is coman'linhtéd with SiOz In some cases the con-

uum ﬁlters (like Nuch filters or Biichner filters) or
the separation must, Jbeperformed by centrifuga-
tion. -In order (to. remove; the ‘possible adsorbed
molecu}.es or gel particles of silicic acid, it is nec-
essary’ ‘to'w ash the sedxﬂ) ent, of CaF, with water
after filtration orxgégﬁﬁégg, The investigation
showedthatofor: effecnmmsmng. ‘more than. half
of the: qu&mity T, WatefNEe sfeir,_ suspensmn is
needed for B0

Very hlgh quahty pmducts are obt.amed using
this procedure. The obtained calcium fluoride con-
tains 94-97 % (rilriy Can'”Ealculated for dry sub-
stance. The content of CaCOs"is lower than 1 %
and the content of SiO; is below 3 %. The yield of
the secondary product silicic acid contain is also
very high, from 92-96 % SiO; (calculated for dry
substance).
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Peszume

AOBMBABE HA KAIIUYM®IYOPH[I Ol KANIMYMKAPBOHAT

Iamutpuoc M. ApaGaynes, Tpajue Cradunon, Bukrop Credos

Hucitiuiyia sa xemuja, ITpupodno-maitiematauyxu daxyaitieid, Yuueepauiuieis ,,Ce. Kupua u Meiwioduj*,
it. cpax 162, MK-1001 Cxoiije, Peiiy6auxa Maxedonuja

Kayunn 360posn: Kamuym (ayopuji; CHIHIRYMOBA KHCENHHA; IPOH3BOICTBO; BAPOBHHUK;

xekcayopOCHIHLMYMOBA KHCENHHA

Ilpepnoxena e nocranka 3a cHHTe3a Ha Kaauuym
¢nyopup (CaF,) 3acHOBaHa Ha peaximjaTa Ha BaPOBHHK
(CaCO;) co xekcadnypocunHyMoBa Kucenuna (H;SiFg).
Kako cexynnaptu npon3Bofiu ce fOGHBAaT CHIMLHYMOBA
KucenuHa (Si0nH,0) u jarneponen muoxcup (CO,). On-
THMHpDaHH Ce YCIOBHTE 3a OBaa peakumja: MoTpeSHHOT
KBaJIATET Ha CYPOBHHHTE (BAPOBHHK H XeKcadnypochin-
LHYMOBa KMCe/IHHA), MAceHHOT OfHOC noMefy kapGoHa-
TOT ¥ BOJIaTa BO NOYETHATa CyCNeH3Hja, KOHLEHTPALH-

“jaTa Ha xeKcadyOpOCHIHIMYMOBATA KHCENHa, norped-

HuoT pH Ha pacTBOpOT 3a peakumjaTa, BpeMeTo Ha fiofa-
Bak¢ Ha KHCEMHATA H BPEMETO Ha MELIALE Ha CYCNEH3N-
jaTa, HAUHHOT Ha W3/BOjyBakbe Ha MPOJYKTHTE H HHBHHOT
Tpetman HTH. Ce poGuBa kamuuymdayopu co BHCOK
KBaJIATET CO cofipXkuHa of 94-97 % (m/m) CaF, (nmpec-
MeTaH Ha cyBa cycncrauna). CoppxkuHata Ha CaCOj e
Mana u e nof 1%, a compXuHata Ha Si0, e mog 3 %.
KBanuTeToT Ha CHIMIMYMOBATA KHCENHHA KaKO CEKYHAa-
PEH MPONYKT € MCTO TaKa BHCOK, off 92-96 % SiO; (npe-
CMETaH Ha cyBa CycIcTaHia).
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