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ABSTRACT
New chloroantimonite glasses have been obtaindddarShOs;-PbCL-AgCl ternary system.
Thermal, optical and mechanical properties havenbswdied. The silver chloride
concentration was increased at the expense of anyiroxide according to the following
composition rules: (80-x)$03-20PbC}-xAgCl ; (70-x)ShOs-30PbC}-xAgClI.
Depending on AgCI content, Vickers micro-hardnessies between 110 and 140 MPa.
Elastic moduli have been measured by ultrasoniacitgl Optical transmission range extends
from 400 nm in the visible spectrum touv in the infrared. Refractive index is close to 2.
Glass transition temperature measured by DSC ranges250 °C to 290 °C. The influence
of silver and lead chloride on physical properties discussed.
Keywords. Chloro-antimonite glasses, Optical properties,dflanical properties, Glass transition
temperature, Heat flow.

1. Introduction

Glass forming ability of antimony sesquioxide,Sbp has been predicted by Zachariasen
[1] and confirmed by several authors [2, 3]. Whi#reous SbO; has been reported,
multicomponent glasses have been characterizeer @itlpure oxides systems or in oxyhalide
[4-7] and oxysulphide systems [8]. Not surprisingharge SbO; amounts could be
incorporated in silicates and phosphate glasselsl[9Antimonite glasses free of classical
vitrifyers appear attractive for their extendedranéd transmission range [3, 5, 8] and their
large refractive index (> 2) [5] and their non Emeoptical properties [12-13]. In this respect
they compare to tellurite glasses that have beegella studied.The chlorides of the metal

halide may be incorporated into the glasses of heaides to obtain a very large subfamily

[5]. This work is centred upon new chloro-antimerglasses associating antimony oxide and



lead and silver halides. Following the pioneeringrkvof Dubois and Portier [5], numerous
glass forming systems have been reported [14-18]léMlkali antimonite glasses have been
studied [3, 15], more numerous and more stablesgtasvere identified, especially by
incorporating a third component in the binargGH— PbC} glass.

In this paper we focus on the optical and meclammoperties of glasses in the,6b—

PbCL — AgCl ternary system.

2. Experimental
2.1. Glass synthesis

Chemical reagents used for this study werg0199.9 % Acros organics, PhCd9 %+
form Hichem and AgCl 99.9 % from Alfa Aesar.

Main physical properties of these starting matsnatre given in Table 1.

Tablel
Mechanical propertiéssed materials.
Density Molar Vickers Molar
Components weight hardness volume
(g/cnt) (g/mol.)  (N/mn?) (cm’/mol.)
PbCh 5.7 278.1 138-140 48.78
AgCl 5.4 143.32 10-12 26.54
ShOs 5.75 2914 65-68 50.79

Glass preparation was carried out using the clalsprocessing steps of melting, fining,
cooling, casting and annealing. The calculated arnofi starting materials was thoroughly
mixed in an agate mortar, and then introducedsitiea tube. Silica was not an ideal material
for this glass synthesis as it slowly reacts witsg melt. However it makes a better choice
than platinum or gold that may form alloys if oxideduction reactions result in metallic
particles. In this case, crucible was destroyed.

After melting, fining was achieved at room atmoggharound 850 °C. Then melt is rapidly
cooled down around 600 °C and poured onto a brasddrpreheated at 250 °C, that was
around glass transition temperature Tg. After siadigtion, sample was set in an oven at Tg



for the thermal homogenization the removal of thermally induced stressed. After a few

hours, oven was set off to ensure homogenous @polin

2.2. Physical measurements

Characteristic temperatures — Tg for glass tramsitix for onset of crystallization, and
Tc for exotherm maximum were measured by diffeegrgcanning calorimetry using a DSC
Q20 set-up from TA instruments.

Density was measured by Archimedean method usint, @€ a buoying liquid. Molar
volume was calculated from the following relatid®]:

V=Y x.M;/d 1)

wherex; is the molar fraction of thieelement)M; is the molar weight of thieelement andl is
material density. The molar weight of the gld4gis expressed &gy = > x.M; ; it depends
directly on the chemical formulation.

Microhardness was measured using a Matuzawa Vrse#&p with 50 N loading charge
and 10 seconds indentation time.

Elastic moduli were measured by ultrasonic velocityng a "Parametric 5800" and an
oscilloscope "model 54502".

Optical transmission has been recorded in the Wbl range using a Perkin Elmer
spectrophotometer between 300 nm and 3000 nm.nff@red transmission a Bruker Tensor
37 Fourier transformed spectrometer was used batd@@ cm' and 4000 cnl.

3. Results and discussion
3.1 Glass formation

The starting point of our study was the binary gl8§0s;-PbCl reported by Dubois and
al [5]. A third component has been added to formraagy system. The glass forming area in
this system was drawn at Fig. 1. The limits of thigeous domain correspond to small
spheres, roughly 1 mm in diameter. Larger and #risiamples could be obtained for the non
limiting composition. Antimony oxide was the maiongponent while PbGlconcentration
does not exceed 40 mol % and maximum AgCl conteleds than 30 mol %. Note that no

binary glass was observed in the,GBAgCI system. The vitreous state was assessed by



visual inspection and confirmed by thermal analySamples of several millimeters in
thickness were prepared for optical and mechamdsurements. It appears that the most
stable compositions correspond to the 20% molaceatnation of lead chloride.

Glass
® Ceramic glass
O Ceramic

Sb,05

Fig. 1. Compositional limits for glass formation in &b-PbCh-AgCl, system

3.2. Density and molar volume

Density has been measured for two series of glakfesed by the following composition
rules: (80-x)SHOs-20PbC}-xAgCl and (70-x)SEO3-30PbC}-xAgCl.

This corresponds to the substitution 0§Gbby AgCI. Collected data provide information
on the influence of silver chloride on physical pedies. Figure 2 (a, b) reports the changes
of density and molar volume versus AgCl concerdrati
Both density and molar volume decreased as AgClacep SpBOs;. The molar weight
corresponds to the chemical formula:Sk,Os- 3 PbCL-yAgCl ) witha + 3+ y =100 .

The density was measured for the two series ofsg&gswhich makes it possible to
evaluate the influence of the composition. Theufice of Sb / Ag on density values is
illustrated by Fig. 2 (a, b). For each curve, thad chloride content was kept constant. The
density decrease resulting from the Sb/Ag subaiiitutould be expected insofar as*Agn is
larger and lighter than $h while chlorine anions are also larger than oxygaions. This
results in a smaller number of ions per unit voluifiee conjugation of these two factors —
size and atomic weight- accounts for density redact

Our measurements allow comparing glasses with 2@n%h 30 mol % lead chloride,
corresponding to the substitution of antimony oxigelead chloride. Density increases with

lead concentration. In this case the predominasibfas atomic weight: divalent lead Plis



much heavier than b This appears clearly in Figs. 2. Density and metdume follow

almost quasi-linear slopes especially for ((704)Cs- 30PbC} —xAgCl) system.
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Fig. 2. Evolution of the density and molar volume based\ggl; (a): ((80-x)SBO; -20PbC}-xAgCl)
(b): ((70-x) ShOs- 30PbC} —xAgCl) system.

3.3. Thermal properties

The characteristic temperatures of the selecteskgtahave been measured. They include
temperatures of glass transition Tg, onset of aflygation Tx and exothermic maximum Tc.

The Tx-Tg difference makes a qualitative critermnthe stability versus devitrification.
Their variation as a function of AgCI concentratisrdrawn in Fig. 3 (a, b). The general trend
was that Tg decreases as AgCI substitute®©$S his substitution increases the CI/O ratio.
As the AgClI bond was weaker than the Sb-O bondrgbistance to thermal motion decreases

and consequently Tg was smaller.

200 300 +140
280 u- Stability . —m—Stability
] V— B — .
. . " —v-Tg 180 ~ 290 v—Tg {120
) I v
= 1160 = T, 100 _
S 2704 - o 280 5
= v 1407 = — w0 %
8 - & 5 —, 1®E
2 {120 % 2 270 z
g < = {60 =
g 2604 % g ./ %
174 100 © " w0 O
s o 2 260
. 3
{80 o
a b u ]
250/ () <, - (b) 20
0 10 20 20 60 5 10 15 20 25
%Molar , AgCI % Molar,AgCl

Fig. 3. Evolution of the Tg and stability based on AgCla}f. ((80-x)SkOs-20PbC}-xAgCl);
(b): ((70-x) ShOs-30PbC}-xAgCl) system

Table 2 gives the detailed composition of the €ddjlass samples.



The DSC scans of Fig. 4 suggest that glassesdar the limiting compositions were very

stable insofar as crystallization peak is hardgihle at the DSC heating rate (20K/min).

Table2
Composition of samples studied
Samples (80-x)Sh,03-20PbCl-xAgCl
D1 75Sh0;-20PbC}-5AgCl
D2 70Sh0;-20PbC}-10AgClI
D3 60Sh0;-20PbC}-20AgCl
D4 55Sh0;-20PbC}-25AgCl
D5 50Sh0;-20PbC}-30AgCl
(70-x)Sh,05-30PbCl-xAgClI
E1l 65Sb0;-30PbC}-5AgCI
E2 60Sb0;-30PbC}-10AgCl
E3 55Sb0;-30PbC}-15AgCl
E4 50Sk0;-30PbC}-20AgCl
E5 45S5h05-30PbC}-25AgCl
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Fig. 4. DSC curves for (a): (80-x)205-20PbC}-xAgCl; (b): (70-x) ShO;-30PbC}-xAgCl system.

3.4. Vickers micro-hardness and Young’s modulus

To characterize the hardness and the deformatiodenaf the glass surface, the
indentation hardness technique was used. When i shdenter, such as the Vickers
indenter, was loaded onto a material, a residudiasel impression was observed after
unloading, and the material hardness was genegatlynated from the projected area of the
impression. The deformation was dependent on thkeabload, the temperature and the load
time.

Indentation experiments were performed with a Miskdiamond indenter. Vickers
diamond pyramid hardness was determined in prabcemeasuring the diagonal length of
the indentation produced by the penetration of @asgtbased pyramid having an angle of

136° between opposite pyramid faces. The hardnesberHV was given by the equation:



_ 0.1891F

HV e

(in N/mnt) (2)

F is the applied load, and the average length of the square diagonal whidefisby the
indenter.

Although the diagonadl, in Eq. (2) was obtained by measurement afteréngoval of the
load, it was known that the change in the lengthth® diagonals upon unloading was very
small [20] and almost insignificant when comparedhe diagonal length itself.

The Vickers hardness was calculated for each saogiey the average residual area of 9
indentations.

The micro-hardness was measured for the two sasygtems as shown in Fig. 5 (a, b). For
the studied glasses, the initial hardness value apgsoximately equal to 140 N/nirand
decreases according to AgCl concentration (AgClthaslower hardness value between 10
and 12 N/mrh (Tablel)).This decreasing can reach 22% and the insertionavé and more
AgCl into the glasses network leads to a decreasinthe link forces between different
atoms.The micro hardness was also connected to the dikttac softening point. The glass
micro-hardness systematically decreases accordinghé softening temperature which
depends on the transition glass temperature Tgs, tha evolution of micro-hardness and the

one of the transition glass temperature were simila
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Fig. 5. Evolution of the micro-hardness (Hv) and Young'sdulos (E) based on AgCl, a: ((80-

X)Sh,03-20PbC}-xAgCl); (b): ((70-x)ShOs-30PbCl-xAgCl) system

3.5. Flaking

Tenacity represents the resistance of the mategdinst the defects or cracks

propagation. It was expressed in MPa.



Figures below show that when the percentage of Fbh@ieases, the tenacity of the glass
increases. Indeed, in the above figure Fig.6 (atdalial cracks are visible and start from the
top of each corner of the Vickers indenter footprirhese cracks have a size between 1 and 2
mm.

The increase of Pbgtoncentration (rising from 20 to 30%) makes thegtomaterial and
radial cracks have disappeared (Fig. 6, c, d).

PbCL (which has the highest Vickers hardness than the dtlher components of the
studied glasses) leads to higher overall hardnéss s concentration increases. This has the
effect of producing glass flakes which overlap to¥gaa small thickness of the sample and

which appear on either side of the footprint of dreemond indentor.
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Fig. 6. Radial and lateral cracks for different Pp@lolar concentrations

3.6. Infrared and UV transmission

Fig. 7 shows the visible Ultra-violet transmissiogpectrum. Perkin Elmer
spectrophotometer was used and the sample thickves®qual to 2 mm. The level of the
maximum transmission (about 75%) was due to a reffactive index greater than 2, which
causes reflection losses. The base line of E glaswle (Fig.7) is shifted towards smaller
transmission value because it contains physicaatethat result in high scattering losses.

The yellow color of antimony glasses reflects thiamted ultraviolet transmission below
400 nm and partial blue absorptidiis is due to the low gap band of the free elecpair of
Sb (l1).
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Fig. 7. Ultra-violet transmission spectrum

In these glasses, infrared transmission is limiigdchemical bonds vibrations and their
harmonics that create the multi phonon absorptimee

A Bruker Tensor 37 Fourier transformed spectrometas used for measurement of
infrared transmission (2.5 to 25 pum) with samplé2 anm thickness with parallel plane
sections. Fig. 8 gives IR transmission for two s pf the studied systems.
The main extrinsic absorption bands in these antitaoglasses are due to hydroxyls OH
(3300 cnt'), to Si-O bonds (1800 chy or to carbon dioxide (2400 ¢t
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Fig. 8. Infrared transmission spectrum.
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4. Conclusion

Glass formation has been studied in theGa*bCL-AgCl ternary system. In this system
two groups of glasses were prepared accordingetéotlowing compositiomules:
(80-x) SBO3s-20PbC}-xAgCl and (70-x) SEO3-30PbC}-xAgCI.



The increase of AgCIl molar concentration leadshiodecrease of the molar volume and
the glass density. But increasing Pbh@ncentration has the reverse effect. Similarat@ms
are observed for the transition glass temperattgerding to AgQCl and Pbgtoncentrations.

A practical observation was that the more stab$tesy was with 20% of Pb£in the ((80-x)
Sh,03-20PbCH-xAgCl) series.

Young modulus and micro-hardness behave in the sageand both decrease when the
AgCl concentration increases. The larger valuehafness and Young's modulus were
obtained in the previous system ((80-x»@H20PbC}-xAgCl), and the maximum is obtained
for 5% AgCI concentration.

Finally, this study showed the interest of AgCl arhican lead to optimized glasses for

various applications.
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