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ABSTRACT

The role of fluoride ion in different oxide glass bases has been investigated and in this con-
nection X-ray diffraction of each fluoride sample has been critically examined. It is observed
that fluoride ions exist in glass in two or more forms, one of which participates in glass network
like oxygen ion. Besides the above point, some other interesting features of fluoride glass have
also been included in this paper.

INTRODUCTION

It is interesting to study glasses containing anions other than oxygen from the
theoretical point of view of glass constitution. The study of glasses containing anion
like fluoride ion has an added interest because these fluoride containing glasses are
used commercially to make opal glasses. There has already been some interesting
work on halide containing glasses and relevant information can be obtained from the
investigation of Cauwood and Turner (1917), Silverman (1918), Fenner and Ferguson
(1918), Majumdar et al. (1945), Majumdar and Banerjee (1946, 1947), Callow (1949),
Callow and Lawson (1952), Rothwell (1956) and a few other workers. Among the
halide ions the retentivity of fluoride ion in glass under similar conditions is
maximum. However, the success of producing transparent fluoride containing glass
depends on a number of factors, particularly on the nature of the original glass
and the founding time and temperature as well as on the cation of the fluoride to
be added to the glass batch. The high retentivity power of fluoride ion in contrast
with other halide jons is related to some of its physical characteristics, such as ionic
radius, electro-negativity, etc., which are similar to that of oxygen ion as is evident
from the following table.

Physical criteria
Type of ion
Ionic radius Electro-
in negativity
F- 1-36 40
0-2 1-40 35
Ci~ 1.81 30
Br~ 1-95 2-8
I~ 2-16 2-4

* Prosent address : Central Fuel Research Institute, P.O. Jealgora, Dhanbad.

VOL. 25, A, No. 3.



156 BHUPATI KUMAR BANERJEE : STRUCTURE OF FLUORIDE CONTAINING OXIDE GLASS

Obviously from the above consideration the chance of replacement of a few
oxygen ions in B-O network or 8i-O network is more likely by fluoride ion than by
other halide ions. . It is to be noted, however, that in glass systems like borates or
silicates, fluoride ion cannot normally maintain a continuous three dimensional
glass structure; that is why only a partial replacement of oxygen ion by fluoride ion
is possible.

P From the above point of view it will be interesting to study the réle of fluoride
ion in boric oxide, alkaliboric oxides and soda-silica glass systems. The fluoride
added to the glass batch can form molecular or colloidal solutions in the glassy
matrix or can combine chemically with the glass solvent. It is expected that X-ray
study of the above fluoride systems will reveal some valuable information in this
direction. :

EXPERIMENTAL

Fluoride specimens are prepared out of analytical reagent quality ingredients
in a platinum crucible kept in an electric furnace at a temperature of 1,000° C. for
four hours with the exception soda-silica glass (with 250 per cent soda content)
where the temperature was raised to 1,150° C. Each melt was air-quenched, unless
otherwise mentioned and fluoride was introduced in the glass batch as alkali fluoride.
During the melting operation, the melt was stirred intermittently by a platinum
" spatula. Later on the fluorine content in each specimen was analysed chemically
with the usual standard CaF, method for fluorine estimation. In almost all cases,
the fluoride content found in the sample was less than the actual amount added to
the glass batch. This was in conformity with the observation of early workers like
Callow (1949), Callow and Lawson (1952). It is believed that there is an equilibrium
concentration of fluorine in the melt, appropriate to and dependent on the tem-
perature as well as on the nature and composition of the glass base. Once the batch
has melted, fluorine continues to be lost until the correct equilibrium content of
fluorine is attained. The net result is that the fluorine content as experimentally
determined is less than the theoretical value of batch composition. Notwith-
standing the vitreous limit of the above fluoride containing glass series, as per the
theoretical calculated value of batch composition, corresponds to 47-0 per cent
KF in KF-B,04 series; 38:50 per cent NaF in NaF-B,0y series and to 24:0 per cent
LiF in LiF-By0g series. This limiting value becomes still less in the corresponding
alkali containing system as in borax (Nay0-BoOg glass with 31-0 per cent soda) this
comes down to 20-50 per cent NaF. In soda-silica series (with 25-00 per cent soda
content) the vitreous limit corresponds to 13-50 per cent NaF and to 10-0 per cent
LiF respectively. Under the present experimental condition a transparent fluoride
containing glass is obtained up to the limiting fluoride content as per the theoretical
value of batch composition. 'The amount of fluoride which can be incorporated in
glass is the least in the case of lithium and maximum in the case of potassium and
that is quite understandable from a consideration of charge density of alkali ion; that
is to say the perturbing effect of Lit ion on the glass structure will be maximum.

All the fluoride specimens were kept in a vacuum desiccator as the deliquiscent
nature of the specimen increases from lithium containing to potassium containing
glasses. Both the theoretical and experimentally determined values of fluoride
content in each glass specimen are given in Table L

X-ray diffraction photographs of each sample are taken in a cylindrical camera

with a narrow slit (} mm. diameter) in a copper Ky radiation. The tube was run
at 40 kV with 20 mA tube current. All X-ray photographs are shown in Plates IV, V
and VI. The X.ray data, together with the composition of each specimen, are given
in Table I. The points of interest of ‘our study are the nature of bands and the
examination for the crystalline phase, if there be any, in the vitreous matrix of
fluoride containing glass.

IB
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TasLe I
X-ray data of fluoride glass

Fluoride content in
weight per cent

Details of diffraction
pattern ‘d’ value of

Sp.
No. Glass system * Remarks
Calcu- Experi- Bands Lines
lated mental in in
1 NaF-BgOy4 15-70 3-90 4-191(s) T Transparent
2:017(aw)
2 | NaF-By0Og4 28:50 4-80 4-545(s) s
3-117(mm)
1-925(mw)
3 | NaF-ByO; 38-50 6-70 4-484(s) .
3-117(m)
1-925(mw)
4 | NaF-Na,O 20-00 6-30 4-230(s) "
(15-09;,)-Bo0g 2-015(mw)
5 | NaF-NayO 20-00 640 4-040(s) »
(30-09,)-B,0s 2:755(mw)
1-952(w)
6 | NaF-NagO 910 510 4-184(m) .
(31:09,)-Bg0g4 2-818(w)
1-931(w)
7 | LiF-B,0, 8-50 3-40 3-934(s) "
2-040(w)
8 | LiF-B,0,4 18-20 5-60 4-052(s) »”
2-061(w)
9 | LiF-ByOg 24-50 7-90 4-003(m) 2:328(mw) Slightly
2:000(vvw) | 1-998(m) Transparent
1-420(w) LiF present
10 | KF-B,0, 19-50 4-20 3-643(s) .. Transparent
2.018(w)
11 KF-By04 27-09 5-00 3-658(s) »
2:032(w)
12 | NaF-8i05-NayO 8-:00 4-20 4-080(s) »
(25-09%,) 2:792(mw)
13 | NaF-S8i0-NagO 10-16 4-80 4-040(s) "
(250%) 2:792(mw)
14 | NaF-810,-NagO 13-21 5-30 4-087(s) »
(25:0%,) 2:792(mw)
15 | NaF-810,-Na,0 15-05 7-25 4-087(vw) 2-302(s) Slightly
(25:09%) 1-646(mm) Transparent
1-348(w) NaF present
16 | LiF-Si0g-Na,O 6-10 320 -087(s) - ..
{25:0%,) 2-792(w)
17 | LiF-Si0,-NayO 11-00 8-10 4-087(s) 2:320(mw) * | Slightly
25-0%) 2:01(m) transparent
1-42(w) LiF present
* Lines are
spotty

* Alkali oxide content in weight per cent is given in parenthesis.
+ Relative intensity is given in parenthesis; where ‘s’ stands for strong, ‘w’ for weak,
‘m” for medium and ‘v’ for very.

of fluoride glasses reveals the presence of diffuse bands for each specimen.

DiscussioN

It is quite evident from Plate IV and Table I that the X.ray diffraction pattern

With
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varying fluoride content, the number of bands in LiF-ByO; glass, KF-B,0; glass,
NaF-soda silica glass, LiF-soda-silica glass and NaF-borax glass remains practically
the same, but the spacings of the bands change correspondingly with fluoride content.
However, a difference is observed in NaF.B,04 series where the number and the
spacing of bands change with the increasing sodium fluoride content (vide Sp. Nos. 1
to 3in Plate IV and Table I). This property of NaF-B,0g system shows a parallelism
towards the Nay0-By0; system wherein the number of bands changes from two to
three with the increase of soda in soda-boric oxide system.

It is observed that in the sample containing as high as 5-3 to 6-7 per cent fluoride
(vide Sp. Nos. 3, 4, 5, 8 and 14 in Table I), no evidence of the crystallites of correspond-
ing alkali fluoride has been found. Obviously a substantial portion of the fluoride
ions present in the glass takes part in the glass forming units. That is explainable
from a consideration of certain interesting properties of fluoride ion, such as the
size of fluoride ion (r = 1-36 &) which is very close to that of oxygen ion (r = 1:40 1),
the capacity of fluoride ion to form glass forming network as in BeFy glass, etc.
The possible r6le of alkali fluoride in structural unit of boric oxide and alkali boric
oxide glasses can be looked at in the following manner :

B B+NaF4+B B—B B
N S N S N\ N S
\O/ \O/ A4 \O/

In the above picture, it is quite clear that some of the boron ions change their
co-ordination from three to four. Similarly a portion of fluoride present in silicate
glass can take part in the structural unit in the following way:

= Si\{ = Si—0\
>O +NaF — /

\Na,
= 8i/ = Si—F / \\

The preceding pictorial representation of fluoride containing structural unit is
well in accordance with the earlier model of Cole (1947) with respect of fluoride
containing glasses.

In this context it is interesting to note here that in these glass bases fluorine
cannot normally maintain a continuous three dimensional network structure. The
original network of glass can accommodate a limited amount of fluoride ion, because
the network undergoes distortion and develops strain in the system due to incor-
poration of fluoride ion in the network. The other possible forms of fluoride in the
glassy matrix are crystalline and colloidal forms, neither of which takes part in the
glass network. However, the relative amount of each form depends on a number of
factors such as concentration of fluoride, glass composition, working conditions as
the temperature and duration of heating, thermal history, etc.

It is worth noting that in the high fluoride content samples ranging from 7-20
per cont to 8:10 per cent fluoride (vide Sp. Nos. 9, 15 and 17 of Table I), the crystalline
phase of alkali fluoride has been identified by the X-ray diffraction method. It can
be seen that the particle size of those crystallites is not small as indicated by the
sharpness of the diffraction lines in the X-ray picture, as well as by the slight opales-
cence of each of the above high fluoride content specimens.

With the object of getting further information about the state of aggregation
of fluoride in the glassy matrix, the X-ray study was extended to slowly cooled
fluoride glasses. For that purpose the glass melt was cooled very slowly in an
electric furnace from 1,000° C. to room temperature in twenty-four hours. The opacity
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of the resultant glass was due to the precipitation of alkali fluoride in the glass
composition as shown in Table II.

‘Tasre II

X-ray data of slowly cooled fluoride glass

Fluoride content in
weight per cent
Sp. . Spacing of
R .
No. Glass system line in A emarks
Calcu- Experi-
lated mental
3 NaF.BgOj 38-5 37 t2-34(s) 1 | Opaque; NaF
1-64(mw) identified
1-34(w)
(NaF)
4 NaF-Bg03-NagO 20-0 6-3 2-34(m) Almost transparent;
(15:0%,) 1-64(mw) | NaF identified
1-34(w)
(NaF)
6 NaF-By03-Na,0 9-10 301 2-31(mw) | Almost transparent;
(31:0%) 1-634(w) NaF identified
(Nak)
8 LiF.-B,0, 820 30 2-30(mw) | Slightly transparent;
1-998(m) LiF identified
1-436(w)
(LiF)

* Alkali oxide content in weight per cent is given in parenthesis.

T The sample is completely opaque and lines of NaF are spotty.

1 Relative intensity is given in parenthesis; where ‘s’ stands for strong, ‘w’ for weak,
‘m’ for medium and * v’ for very.

X-ray data of alkali fluoride

Name of <1 . .

substance d’ value in A unit Reference
LiF 2:33(95), 2-01(100), 1-42(48) { A.S.T.M. Card No. 4-0857
NaF 2-32(100), 1-64(60), 1-34(17) | A.8.T.M. Card No. 4-0793

The X -ray data of such glasses are given in Table II and their X-ray photographs
are shown in Plate IV. It is quite evident from Table II and Plate IV that, unlike
the observation on the corresponding rapidly quenched glass, there are a number
of lines in the X-ray pictures of slowly cooled glass and these lines have been identified
ag those of alkali fluoride (vide Sp. Nos. 3, 4, 6 and 8 of Table IT). This may indicate
that the process of slow cooling allows crystallization to occur and increases the
size of colloidal particles. The other possible effect of slow cooling is the release
of strain originally incurred due to incorporation of fluorine in the glass structure
with the precipitation of alkali fluoride in the glassy matrix. It is also necessary to
consider in this context the influence of cations like Na* and Li* on the precipitation
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of alkali fluoride. It is believed by some workers like Rothwell (1956) that cations
like Na*, or Lit, which normally do not take part in the structural network, are more
liable to form a crystalline fluoride. These are some of the possible reasons for the
precipitation of alkali fluoride in slowly cooled glass. Nevertheless the net result
of slow cooling is the formation of increasing amount of alkali fluoride which is
found experimentally.

Another interesting feature of fluoride glass as revealed from the X-ray study

is the presence of an additional diffuse band around the spacing 6-60 A to 680 A,
which is called as the inner maximum of fluoride glass. The exact nature of the
inner maximum together with the intensity relation varies with the glass composition.
Some of the fluoride glasses (vide Sp. Nos. 1,10, 11 and 12 of Table I) exhibit this inner
maxima very prominently and their X-ray pictures are shown in Plate IV. The centre

of the band appears near about the ‘d’ value of 6-80 A in the case of borato-fluoride
glasses (vide Sp. Nos. 1, 10 and 11 of Table I), whereas in the case of silico-fluoride

glass system (vide Sp. No. 12 of Table I) that band appears in the region of 6-60 A.
The appearance of the inner maxima in the X-ray picture of fluoride glass is a special
feature. In contrast with this, X-ray picture of pure oxide glasses does not exhibit
such inner maxima. Nevertheless the presence of inner maxima in the fluoride

glass points to the existence of a structure on a scale of periodicity around 68 & in
borate and around 6-60 A in silicate, that is absent in the pure oxide glass.
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Y ray diftvaction photographs of fluoride containing glasses, specimens 1 1o 17,

Noray lines due to alkalt fluortde are presencin Sp. Now, 00 15 and 17,

2B represents the Noray picture of Sp. Xo, 2 with biy camera (r = 373 em.) 30 as 1o brimg
out the separation of two nnermost adjacent bapds,

Camern radius for 3 and 3 was 2-86 ¢m. and thar of the rest was 2297 ¢,
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18

Xoruy diffracuon photograph of slowly coolsd Huoride contatung glasses.
18 i3 the X.ray picture of slowly cooled Sp. No. 3.

180 is the X.ray picture powdered samples of slowly cooled Sp. Noo 3.
19 represents the X-ruy picture of slowly couled Sp, No, 4,

20 represents the X.ray picture of similarly treated Sp. No. 6.

21 is the Xeray picture of similarly treated Sp. Na. 8.

X-ray lines due to alkali fluoride are present in each pieture.

Camera radius for 19 was 2:86 em. and that of the rest was 2-97 an,
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22

N-ray photograph of fluoride containing glass (partcularly innee maxima of cliss).
22 for Np. No, 1,23 for Spe Neo 100 24 for Sp. Noo 1 and 25 for Sp, Ne 12,
Camnerst vanding for 24 was 20%6 cm. and that of the rest was 2-07 em.




