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FLUORINE LOSS FROM SILICATES ON IGNITION
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Assrnacr

Fluorine loss from hectorite (Z.Z% F in the (2 pm fraction) upon heating
for ?4 hours at temperatures of 110. and 300.C was negligible, and at 840"C
was less than S/o; however, upon ignition at SSO.C for 6 hours, the fluorine loss
was l00Vo. Addition of Mg(OAc), failed to prevent ignition loss of fluorine from
hectorite at 950"C while the addition of Ca,(OAc)" or CaCO, decreased it from
l00Vo to 55%. Fluorine losses from NaF (Control) ranged firom 7/o at 110"C
without SiOz to 100% at 9b0. with SiOg (ground qtafiz) addition. X-ray dif-
fractograms showed that Catr'e had. been formed by the heating at 950.C of
calcium salts with NaF. The F/Si atomic ratios in the evolved gas averaged
6.3 from NaF/SiO, samples which contained initial F/Si ratios of 1.2 to 2.6,
but averaged 3.6 from samples having initial F/Si ratios of 0.8 to 0.7. Ifence,
besides SiFc gas loss, other chemical forms of fluorine are lost upon ignition,
sueh as NaF or MrSiF", in which M is H, Na, or other cation.

INtnooucrrow

Fluorine occurs as a, constituent of many minerals and rocks
(Correns, 1956) as well as in soils (Robinson and Edgington, 1946).
Phosphorites and fluorite (CaF2) occur in marine deposits (Degens,
1965) and apatite is found in neutral and alkali soils (Lindsay and
Moreno, 1960) . In metamorphic rocks fluorine is mainly found in
fluorite and topaz (Correns, 1956). Some amphiboles and micas contain
F proxying for OH. Some micas contain as much as 2 to 4 percent
fluorine (Robinson and Edgington, 1946). The chemical analysis of
California hectorite (A.P.I. 34A), a magnesium aluminosilicate clay,
as reported (Bowden and Gruner, 1950, p. 55), did not include a
fluorine determination. The fluorine content of this unfractionated
sample was 1.7 percent, while that of the 12pm fraction of this
hectorite was 2.3 percent (Huang and Jackson, 1967), based on the
Willard and Winter MCIO+ distillation combined a colorimetric de-
termination of the fluorine in minerals and rocks. Use of HzSOr or
H3PO4 distillation and titration of the F has been employed (Inga-
mel ls,  1962).

Synthetic fluorosilicates have been prepared under specifieci en-
vironmental and ionic conditions (Van Valkenburg and Pike, 1gb2;
Van Valkenburg, 1955; Johnson and Shell, 1963) for industrial re-
quirements. The synthesized fluorosilicates did not undergo direct
exchange of F for OH in water or aqueous NaOH solutions (Johnson
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and Shell, 1963). Unlike earlier reports of F exchange for OH on

edges of clays (Weiss, 1959; Hofmann et aL.,196l), OH from alumi-
nosilicate clays did not exchange for F from aqueous neutral KF
solutions (Huang and Jackson, 1965) I rather the release of hydroxyl
ions from minerals in such solutions was accompanied by an equiva-
lent dissolution of structural aluminum and iron. These trivalent ions
formed soluble fluorocomplexes in the KF solution, as illustrated by
the type equation:

AI(OH). + 6KF ---+ I(,AIF6 + 3KOH

(soluble) (soluble)

Ignition loss of fluorine from hectorite was surmised to be the cause
of. a 5.4 percent deficit in a system of mineralogical analysis which
involved thermal gravimetric analysis gGA\ of hydroxyl loss (Alexi-

ades and Jackson, 1966). Although the behavior of F of silicates on
thermal treatment is an important consideration for both theoretical
mineralogy and quantitative clay mineralogical analysis, the reaction
mechanism for fluorine loss on heating is not given in standard
analytical texts.

The purpose of the present study was to establish the effect of both
ignition temperature and added materials on fluorine volatilization
from hectorite, as compared to controls (NaF with and without ground
quartz as a source of Si) and to determine the chemical form, such as
SiF4, HF, etc., in which fluorine is evolved during the ignition of
fluorosilicates.

t MATEn'rALS aNo Mnrrrons

Samples of CaJifornia hectorite (A.P.I. sample Ma', 0'l c of < 2pm size frac-

tion) and reagent grade NaF (Control) were ignited at 110', 300", and 540"C

for 24 hours and at 950"C for 6 hours to determine the total fluorine volatilized'

The effects on F loss caused by 0'1 g additions of Me(oAc)u' MgCo"' ca(oAc)"

CaCOa, and SiO, (finely ground, quartz) added to separate 0'1 g samples of hes-

torite or NaF prior to ignition were determined.
After ignition, the samples were fused in platinum crucibles with a flux mix-

ture of 2.5 e of Naoco" and 0.5 Zno (Huang and Jackson, t967). The residue was

digested with distilled. wa.ter on a steamplate at 85"C for one hour and quan-

titatively transferred to a flask for stearn distillation. Fluorosilicic acid was dis-

tilled from the residue in the presence of HCIO, at a temperature of 135 b r40"c.

Aliquots from 250 ml of distillate were used for fluorine determination by the

zirconi,um eriochrome cyanine B method (Haung and Jackson, 1967).

Additional samples of NaF and SiOn were fused with ZnO and Na"CO", and

treated with Hclol in preparation for the extraction and the determina.tion of

silicon in the residue, in order to eslablish (by difference) the amount of Si lost'

The treated residue was boiled in 5 ml of distilled water for 10 minutes, the
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soluble material was removed by washing with 0.2 N lrcl, and the silica re-
maining was transferred to a nickel beaker and dissolved by boiling in 0.b .v
NaOH for 2.5 minutes (Jackson, l9b6). The silicon in solution was then deter_
mined by the heteropoly blue molybdosilicate method (Boltz and, Mellon, 1g4z).

Rnsur,rs aND DrscussroN

The fluorine volatilized from separate samples of hectorite did not
exceed 3 percent of the original fluorine present upon heating at 110.c,
300oC, and 540'C for 24 hours (Fig. l) After ignition at gb0'C for
6 hours, however, hectorite lost all of its initial fluorine. The addition
of ca(oAc)2 to hectorite decreased F loss to bb percent, but addition
of Mg(OAc)z did not decrease loss of F (Fie. 1).

Analytical grade NaF (Control) heated at 950oC gave a loss of
54 percent, of its initial fluorine content; however, the fluorine loss
decreased to 4 to 12 percent when Mg(OAc)2, MgCO3, Ca(OAc)2, or
cacog was added to the NaF crystals previous to ignition. The in-

I Hectorite

QHector:.te + Mg(OAc),
l

XHectorite 
+ Ca(OAcJZ

950

Tenperature, oC

+ For 24 hout, *l* For 6 hours +

I
Frc. l. Fluorine loss on ignition of hectorite, hectorite * Mg(OAc),, or hectorite

f Ca(OAc)n.
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o
N

P 6 0
o
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creased recovery of fluorine from the treated NaF samples suggested
the formation upon ignition of an alkaline earth fluoride (CaFz or
MgFr) in the absence of silicon (Fig. 2). Little difference occurred
between the use of the agetate or carbonate salts. When the NazCOs-
ZnO flux mixture was used to fuse the NaF for the analyses (Huang
and Jackson, 1967) none of the fluorine was lost.

The addition of SiOz to the NaF before heating at 950'C increased
the fluoride loss to between 75 and 79 percent, thus providing evi-
dence that fluorine evolution is enhanced by the presence of silica,
analogous to the results on heating hectorite (Fig. 1). The fluorine
could be evolved as SiFa according to the equation:

4 F- + SiO,9{9J:*-!::-; 2 O'- + SiFot Q)
or from a hydroxy silicate system as HF according to the equation:

OH- +  F-  
eso-c  ro r6hou l .  

>  HFT +  O ' - (3)
giving different 7G.4. results. In further tests in the presence of SiO2,
the fluorine loss from NaF ranged from 76 to 82 percent in the pres-
ence of Mg(OAc)z or MgCO3, and decreased only lo 42lo 53 percent
in the presence of Ca(OAc)2 or CaCO3. In the presence of Si and
Ca or Mg, the fluorine is partly held by the divalent ions and partly
volatilized. Further study showed that the F/Si ratio lost depended
on the initial NaF/SiOz ratio taken (Table 1). The F/Si atomic
ratios of constituents volatilized ranged from 10 to 3.3, averaging 6.3
(Table 1) when the initial F/Si ratio was high (1.2 to 2.6). The
results suggested that fluorine was lost both as SiF+ and NaF from
samples having a F/Si atomic ratio in excess of 1. This was true
even though the stoichiometric ratio of SiF+ involves a F/Si ratio
of 4 (equation 2). With an initial F/Si molar ratios of 0.3 to 0.7,
the ratios of F/Si in the evolved gas averaged 3.6 (Table 1), sug-
gesting that fluorine was evolved from NaF in the presence of excess
SiO2 approximately stoichiometrically as SiFa, according to equation
(2 \ .

For the thermal synthesis of fluoromicas, an excess of F above
stoichiometry was required (Van Valkenburg and Pike, 1952; Johrrson
and Shell, 1963), possibly to make up for F volatilization during the
synthesis through fusion. Also in that experiment, moisture and CO2
had to be excluded to prevent, fluorine volatilization from melts con-
taining Al2O3, MgO, SiO2, and KzSiFo (Van Valkenburg and Pike,
L952\. These results like ours, indicate the ease with which F can be
volatilized at high temperatures from charges containing both Si and
F. In the presence of a great excess of NazCOe-ZnO, as used for
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MATERIALS WERE

HEATED AT 95O"C

EXCEPT COF2

STARTING
MATERIALS

?

Co F2

lCoFt

lNo2Go(CQ)2.2
t

Co(OH)2

1.64 1.93 2.32 3.15 s.to

Frc. 2. X-ray diffractograms of materials a"fter ignition at 950'C for 6 hours and
CaF, (control).
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T A B L E  i .  F  A l { D  S i  V O L A T I L T Z E D  U P 0 N  T G N I T I 0 N  O F  i l I X T U R E S  O F  N a F  A N D  S i O ,  A T  9 5 0 o C  F O R  6  H O U R S

S a n p l  e
T a  k e n T o t a l *  R e s i d u a l V o l a t i l i z e d i l o l a r  R a t i o

( m g )  ( m g )  ( n g )  ( m g )
N a F  S i 0 2  F  S i  F  S i  F  S i

( % )  T a k e n  V o l a t i l i z e d

F  S i  F / S i  F / S i

F i r s t  S e r i e s  - -  w i t h  h i g h  F / S i

I  3 8 . 9  7 3 . 7
9 0 . 8  6 9 . 1
8 1 . 4  7 2 . 5

1 0 4 . 3  1 0 0 . 0
1 0 0 . 5  1 0 1 . 3
I  0 4 . 0  1  0 3 . 0
I 0 0 . 2  | 0 1 . l
9 9 . 8  1 0 0 . 8
9 8 . 7  |  0 0 . 2

1 3 2 . 9  1 4 4  . 2
7 7  . 3  8 6 . 0

s 3 . 8  1 0 4 , 0
4 0 . 3  1 0 9 . 6
4 9 . 5  9 8 . 9
5  t  4  1 0 8 . 9
5 2 . 7  1 0 7 . 4

2 8 . 1  1 0 6 . 2
2 4 . 7  1 1 3 . 5
2 5 . 8  1  0 9  2

6 0 . 8  3 4 . 3  1 2 . 5  n d  4 8 . 3
3 9  - 7  3 2 . 2  8 .  I  n d  3 l  . 6
3 5 . 6  3 3 , 5  n d  2 6 . 9  2 8 . 4
4 5 . 6  4 6 . 6  1 0 . 0  n d  3 5 . 6
4 3 . 9  4 7 . 2  6 . 3  n d  3 7 . 7
4 5 . 5  4 8 . 0  n d  4 0 . 0  3 7 . 3
4 3 . 8  4 7 . . 1  n d  4 0 . 0  3 5 . 9
4 3 . 7  4 7 . D  n d  3 6 . 6  3 5 . 8
4 3 . 2  4 6 . 7  n d  3 6 . 6  3 5  4
5 8 . 1  6 7 . 2  1 . 5  n d  s 0 . 6
3 3 . 8  4 0 . 0  n d  3 1 . 3  2 7 . 0

7 2

6 5
8 8
8 . 9
B O
7 . 1

1 0 . 3
l 0  l
r 4 . 0

8 . 8

7 9 . 4  n d
7 9 . 5  n d

h d  1 9 . 8
7 8 , 1  n d
8 5  . 8  n d

n d  1 6 . 6
n d  1 5 . l
n d  2 2 . 0
n d  2 1 . 6

8 7 .  I  n d
n d  2 1 . 9

8 2 . O  
. ]  

9 . 5

2  6  9 . 9
I  8  6 . 9

1 . 5  6 . 0
I  4  6 . 2
I  4  6 . 8
I  4  1 . 4
1 . 4  5 l
I  4  5 . 2

1  . 2  4 . 6
A v .  6 . 3

2 3 . 5  4 8 . 4  0  n d  2 3  5
1 7 . 6  5 1 . 2  0  n d  1 7 . 6
2 1  . 2  4 6 . 2  0  n d  2 1  . 2
2 1 . 9  5 0 . 8  n d  4 1 . 7  n d
2 2 . 9  5 0 , 1  n d  4 1 . 3  n d

S e c o n d  S e r i e s  - -  w i t h  l o w  F / 5 i

4 4 . 4  n d
4 7 . 8  h d

n d  1 1 . 3

0 . 4  3 . 1
0 . 4  3 . 6
0 . 3  3 . 3

Av. T]6

h d  1 0 0  n d
n d  1 0 0  n d
n d  1 0 0  n d
9  2  n d  1 8 . 0
8 . 8  n d  l 7 ; 5

A V .  t / , U
4 . 9  n d  9 , 9
5 . 2  n d  9 , 8
n d  t 0 0  n d

Av. lTit T]9

1 2 . 3  4 9 . 3  n d
1 2 . 6  5 2 . 9  n d
i l . 3  5 I . 0  0

0 . 7
0 . 5
0 . 7
0 6
0 . 7

4 . 0
2 . 9
3 . 8

",':':::":"ii".:::,t,":"::"':";;t,'1"::':::l:t;:':::""::"::-": ,",,""";:;,",":":::::"'''
example in the standard method of analysis for fluorine, no F is lost
during fusion.

CoNcr,usroNs

1. Loss of fluorine from the magnesian aluminosilicate, hectorite,
was complete upon ignition of sample at 950"C for six hours.

2. In the absence of Si, either calcium or magnesium salts decreased
the ignition loss of fiuorine from NaF (control) from 54 to less than
7 percent.

3. In the presence of SiOz with NaF or in hectorite samples, cal-
cium salts were more effective than magnesium salts in decreasing
fluorine loss, because of the formation of CaFz (fluorite). Even with
calcium present fluorine loss was still 42 to 53 percent of the total
F present.

4. On ignition of variable amounts of Natr' with SiOz, ihe F/Si
atomic ratio in the evolved gas approached 4 when SiOz was in excess
of NaF but increased to 10 when NaF was in excess of SiO2, indicating
gaseous loss of not only SiFe but also of NaF.
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