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MECHANICAL, THERMAL AND OPTICAL PROPERTIES OF NEW
CHLOROANTIMONITE GLASSES IN THE Sb ,0;—PbCl,—AgCl SYSTEM
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New chloroantimonite glasses were obtained in th#®$bCl-AgCl ternary system.
Thermal, optical and mechanical properties wereistlidrhe silver chloride concentra-
tion was increased at the expense of antimony ca@derding to the following composi-
tion rules: (80%)Sh,0:—20PbC}—xAgCl; (70-x)Sh,0;—30PbC}—xAgCl. Depending on
AgCI content, Vickers micro-hardness varied betwedhMPa and 140 MPa. Elastic mo-
duli were measured by ultrasonic velocity. The @dticansmission range extended from
400 nm in the visible spectrum tau in the infrared spectrum. The refractive index was
close to 2. Glass transition temperature measuredSy ranged from 250 to 290°C. It
was noticed that the glass transition temperatuceedsed as AgCl substitute for,Ob
and the more stable system was with 20% PliCGhe (80%)Sb,0,—20PbCJ}—xAgCI.
Keywords: glasses; chemical synthesis; differential scanning calorimetry (DSC); mecha-
nical properties; optical properties.

Glass forming ability of antimony sesquioxide ,8b has been predicted by
Zachariasen [1] and confirmed by several authgr8][2/Vhile vitreous S}D; has been
reported, multicomponent glasses have been charmdteeither in pure oxide systems
or in oxyhalide [4—7] and oxysulphide systems [8dt surprisingly, large amounts of
Sh0O; could be incorporated in silicates and phosph#dssgs [9-11]. Antimonite
glasses free of classic vitrifiers appear attracfiw their extended infrared transmis-
sion range [3, 5, 8], their large refractive index2) [5] and their non-linear optical
properties [12—13]. In this respect they are comgdo tellurite glasses that have been
widely studied. The chlorides of the metal halidayrbe incorporated into the glasses
of heavy oxides to obtain a very large subfamily [Ehis work is centred upon new
chloroantimonite glasses associating antimony oxadel lead and silver halides.
Following the pioneering work of Dubois and Port[t, numerous glass forming
systems have been reported [14-18].

While alkali antimonite glasses have been studi&dlp], more numerous and
more stable glasses were identified, especiallynbgrporating a third component in
the binary SpO;—PbC} glass.

In this paper we focus on the optical and mech&mpicgperties of glasses in the
ShOs—PbCL-AgCl ternary system.

Experimental. Glass synthesi<Chemical reagents used for this study were
99.9% SbkO; (Acros organics), 99% PbgCt (Hichem) and 99.9% AgCI (Alfa Aesar).

The main physical properties of these starting riseare given in Table 1.

Glass preparation was carried out using the clgesicessing steps of melting,
fining, cooling, casting and annealing. The caldeamount of starting materials was
thoroughly mixed in an agate mortar, and then thioed into a silica tube. Silica was
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not an ideal material for this glass synthesistaslawly reacts with melted glass.
However it is a better choice than platinum or gdldth of which may form alloys if

oxido-reduction reactions result in metallic pdetsc In this case, the crucible was
destroyed.

Table 1. Mechanical properties of used materials

Components p, glent M, g/mol HV, MPa V, cnt/mol
PbCl 5.7 278.1 138...140 48.78
AgCl 54 143.32 10...12 26.54
Sh,0O; 5.75 291.4 65...68 50.79

After melting, fining was achieved at room atmosehat around 850°C. Then the
melt was rapidly cooled down to approximately 60@3@ poured onto a brass mould
preheated to 250°C, which is around the glassitrandemperaturd,. After solidifi-
cation, the sample was set in an overmafor the thermal homogenization for the
removal of the thermally induced stress. Afterwa feours, the oven was turned off to
ensure homogenous cooling.

Physical measurementharacteristic temperaturesTy for glass transitionT,
for onset of crystallization, anf for exotherm maximum were measured by differen-
tial scanning calorimetry using a DSC Q20 set-opfiT A instruments.

The density was measured by the Archimedean maikiod) CCJ} as buoyancy
liquid. The molar volume was calculated from thibofeing equation [19]:

V=Y xM,/p, (1)
wherex; is the molar fraction of theelementM; is the molar weight of theelement
and p is material density. The molar weight of the gldds is expressed as
Mg =2 X[M;; this depends directly on the chemical formulation

Microhardness was measured using a Matuzawa Vrsef7ap with 50 N loading
charge and 10 s indentation time.

Elastic moduli were measured by ultrasonic velooityng a “Parametric 5800”
device and an oscilloscope “model 54502".

Optical transmission was recorded in the UV-visitdage using a Perkin Elmer
spectrophotometer between 300 nm and
3000 nm. For infrared transmission a ®1.0
Bruker Tensor 37 Fourier transformed
spectrometer was used between 400'cm
and 4000 cnt.

Results and discussionGlass for-
mation. The starting point of our study
was the binary glass 8b;—PbC} repor-
ted by Dubois et al. [5]. A third compo-
nent was added to form a ternary systerr 0s AN
From our results, the glass forming area ir . SO SO S O\ C'S S ¥ o'
this system is shown in Fig. 1. The limits 0‘!‘!‘!‘!‘! 3,':&."!'&.3&
of the vitreous domain correspond to1.0, \VAVAVAVAVAVAVAVAV.
small spheres, roughly 1 mm in diameter. 0.0 ~ 02 ~ 04 06 08 1.0
Larger and thicker samples could be Sb,0;
obtained for the non-limiting composition.  Fig. 1. Compositional limits for glass
Antimony oxide was the main component formation in SpO;—PbCL-AgCl, system:
while the PbGl concentration did not @ —9lass© - ceramic glas€) — ceramic.
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exceed 40 mol.% and maximum AgCl content was leas 80 mol.%. Note that no
binary glass was observed in the@B-AgCl system. The vitreous state was assessed
by visual inspection and confirmed by thermal asialySamples of several millimetres
thick were prepared for optical and mechanical measents. It appears that the most
stable compositions correspond to the 20% molacenation of lead chloride.

Density and molar volumeThe density was measured for two series of glasses
defined by the following composition rules: (8)Sh,0O;—20PbC}xAgCl and
(70x)Sh,0O5;—30PhCJ}—xAgCI.

This corresponds to the substitution o, @bby AgCl. Collected data provided
information on the influence of silver chloride physical properties. Fig. 2 reports the
changes of density and molar volume versus AgCteoination.

Both density and molar volume decreased as AgGaeg SkO;. The molar weight
corresponds to the chemical formule8,Os— BPbCL—yAgCl with a + 3 +y = 100.

The density was measured for the two series osglasvhich makes it possible to
evaluate the influence of the composition. Theuisfice of Sb and Ag on density va-
lues is illustrated by Fig. 2. For each curve,lda chloride content was kept constant.
The density decrease resulting from the Sb/Ag #ubish could be expected insofar
as the A§ion is larger and lighter than that of the*Shvhile chlorine anions are also
larger than oxygen anions. This results in a smalienber of ions per unit volume.
The conjugation of these two factors (size and a&tomeight) accounts for density
reduction.

Density and molar volume follow almost quasi-linedmpes especially for the
(70x)Sh,Os—30PbC}xAgCI system.

Our measurements allow a comparison of glasses 2G# and 30 mol.% lead
chloride, corresponding to the substitution of mwotiy oxide by lead chloride. When
x = 5 or 10 (AgCl) the density (e.o. = 5, p = 5.36 g/cr) of the (80%)Sh,Os—
20PbChxXAgCI glass system (Fig.a? is smaller than that (e.g.= 5,p = 5.42 g/cri)
of the (70x)ShOs—30PbC}—xAgCI glass system (Fighb2. However, wherx increases
to 15 and is as much as 25, the density §esg25,p = 5.22 g/cr) of the (70%)Sh,Ox—
30PbC}—xAgCI glass system is much smaller compared to (bag. x = 25,p =
= 5.33 g/cm) of the (80%)SkhOs—20PbC}—xAgClI glass system. This means the glass
density decreases as the lead component increases.
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Fig. 2. Change of the density and molar volume @ating to AgCl concentration:
a — (80x)Sh,0Os—20PbC}—xAgClI; b — (70x)Sh,0;—30PbC}-xAgCl) system.
1 — density2 — molar volume.

Thermal propertiesThe characteristic temperatures of the selectessgtawere
measured. They included temperatures of glassitian3,, onset of crystallizatiofi,

and exothermic maximuf.
The T,~T, difference makes a qualitative criterion of thabglity versus devitrifi-

cation. Their variation as a function of AgCl contration is shown in Fig. 3. The ge-
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neral trend was thalfy decreased as AgCI substituted @G This substitution increa-
sed the CI/O ratio. As the AgCI bond is weaker ttte Sb—O bond, the resistance to
thermal motion decreased and consequélijtlyas smaller.

As this is currently observed in multicomponentsgks, there is no direct rela-
tionship betweerMy changes and glass stability. While thevalue depends mainly on
bond strength and glass structure, crystallizagomperature is ruled by nucleation and
crystal growth. Both processes are temperaturerdigme, but they cannot be simply
correlated to chemical composition. For this reagendevelopment of a stable glass
composition against devirification remains largetgpirical.

o SIS o
& T @] S T\ O
i ' v 4 I;,
270 ! > w0l 7 ~
L 1140 1 2 — 180
2 270 T
] 70 | ]
260 1 160
1100 10
- 260 | 1
] . 120
250 . . I T 250 L . . . ,
0 10 30 Cuger, mol. % 510 15 Cagers mol. %

Fig. 3. Change of the Tg and stability based on AG{80-x)Sh,0O-—20PbC}—xAgCl (a);
(70%)Sh,0s—30PbCJ—xAgCl systemf). 1 — T,—Tg; 2 —Tg.

Table 2 gives the detailed composition of the g€ddjlass samples. The DSC
scans of Fig. 4 suggest that glasses far fromitthigrlg compositions were very stable
insofar as the crystallization peak was hardlyblésat the DSC heating rate (20 K/min).

Table 2. Composition of samples studied

Samples (80x)Sh,O;—20PbC}xAgCl | Samples (70-x)Sh,0s-30PbC}—xAgCI
D, 75Sh0z—20PbCJ}-5AgCI E 65Sh0;—~30PbC}-5AgCI
D, 70Sh0Oz—20PbC}-10AgCI = 60Sh0O;—-30PbC}-10AgCI
D3 60Sh0O;—20PbC}-20AgCI B 55Sh0;—-30PbC}-15AgCI
Dy 55Sh0;—-20PbC}-25AgCI = 50Sh0;—-30PbC}-20AgCI
Ds 50Sh0;—-20PbC}-30AgCl E 45Sh0s-30PbC}-25AgClI
B R I R S
i—————

T2 "N =2 ‘w
-4 3 -4 3 5
250 l 30|0 I 35l0 I 4(I)O ‘T,°C 2|50 I 3(|)0 I 35|0 I 4]00 }“,OC

Fig. 4. DSC curves for (88)Sh,0:—20PbC}xAgCl (a: 1 - D;; 2—Dy; 3— Ds5; 4— Dy, 5 - Dy);
(70x)Sb,0O—~30PbC}-xAQCl systemlf: 1 - E; 2—-E;3-&;4- E;5—- E).

Vickers microhardness and Young’s moduluBo characterize the hardness and
the deformation mode of the glass surface, theniatien hardness technique was
used. When a sharp indenter, such as a Vickersiiedavas loaded onto a material, a
residual surface impression was observed afteradinlg, and the material hardness
was generally estimated from the projected areth@fimpression. The deformation
was dependent on the applied load, the temperathg¢he load time.
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Indentation experiments were performed with a \Viiskdiamond indenter. The
Vickers diamond pyramid hardness was determingalactice by measuring the dia-
gonal length of the indentation produced by theepraion of a square-based pyramid
having an angle of 136° between opposite pyramigdaThe hardness numbdy
(in MPa) was given by the equation:

0.189F
HV —T, 2
F is the applied load, and is the average length of the square diagonalbigfthe
indenter.

Although the diagonal, in Eqg. (2) was obtained by measurement afterdhe-
val of the load, it was known that the change m léngths of the diagonals upon un-
loading was very small [20] and almost insignifitarhen compared to the diagonal
length itself.

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

The microhardness was measured for the two sargsterss as shown in Fig. 5.

For the studied glasses, the initial hardness valae approximately equal to
140 N/mnf and decreased according to the AgCl concentrafitiis decrease can
reach 22% and the insertion of more and more Ag€i the glasses network. This
confirms the fact that AgCl is able to soften thesges.

But this is not the same case for the Bligdt leads to the decrease of the glass
hardness. Increasing Ph@om 20 mol.% to 30 mol.% lowers the microhardniesm
HV = 130 MPa to 110 MPa (Fig. 5).

One can note that the microhardness was also ctmthéc the dilatometric
softening point. The glass microhardness systeaibtidecreased according to the
softening temperature which depended on the tiansglass temperatur, Thus,
respective changes of microhardness and glasstibaremperature were similar.
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Fig. 5. Change of the microhardné$g (curvel) and Young’s modulug (curve2) based
on AgCl: (80x)Sh,0;—20PbC}xAgCl (a); (70-x)Sh,0;—30PbCJ—xAgCl) system ).

Flaking. Tenacity represents the resistance of the matggihst defect or crack

propagation. It is expressed in M .

When the percentage of AgCl increases, one obsaifigjlasses with an increase
of the tenacity. Indeed for 20% AgCI (Figa,6c) radial cracks are visible and start
from the top of each corner of the Vickers indefb@tprint. These cracks are between
0.1 and 0.2 mm. The increase of AgCl concentratitom 10 to 25%) makes a tough
material and radial cracks disappeared (Higydh

One can note that one effect is the production laggyflakes which overlap
towards the thinner part of the sample, which appeaeither side of the footprint of
the diamond indenter.
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Fig. 6. Radial and lateral cracks for different axatoncentrations of AgCl:
a— 70Sh0;—20PbC}-10AgCl; b — 55Sh0—20PbC}-25AgCl; c — 60ShO;—30PbCj-10AgCl;
d — 45Sh0;—30PbC}-25AgCl.1 — radial cracks2 — lateral cracks.

Infrared and UV transmissionFig. 7 shows the ultraviolet-visible transmission
spectrum. A Perkin Elmer spectrophotometer was wse mm thick samples. The
level of the maximum transmission (about 65%) was th a refractive index greater
than 2, which caused the reflection losses. The bas of theE glass sample (Fig. 7,
dotted line) is shifted towards a smaller transioissalue because it contains physical
defects that result in high scattering losses. @hpdg/sical defects consist of “stones”
and “cords” that are visible to the naked eye. Thesult from the processing condi-
tions and lead to scattering losses that decreafeavavelength increases.

The yellow color of antimony glasses reflects thienited ultraviolet transmission
below 400 nm and partial blue absorption. Thisue tb the low gap band of the free
electron pair of Sb ().

In these glasses, infrared transmission is limiteadhemical bond vibrations and
their harmonics that create the multiphonon absormdge.

A Bruker Tensor 37 Fourier transformed spectrometes used for measurement
of infrared transmission (2.am to 25um) using 2 mm thick samples with parallel
plane sections. Fig. 8 gives IR transmission far samples of the studied systems. For
clarity, the base line has been raised.

The main extrinsic absorption bands in these amtiteaglasses are due to hy-
droxyls OH (3300 cif), to Si-O bonds (1800 ¢y or to carbon dioxide (2400 i
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Fig. 7. Fig. 8.

Fig. 7. UV-visible transmission spectrufn:- D/60ShO;—20PbCj—20AgCl;
2 — E/55SB05;—30PhC}-15AgCl.

Fig. 8. Infrared transmission spectruin: D/60ShO;—20PbC}—-20AgCl;
2 — E/555b0s~30PhC}-15AgCl.

Influence of silver chloride on glass transparencyhe increase of AgCl concen-
tration (from 5% to 25%) in the system (%St,O3—30PbC}—xAgClI dims the obtai-
ned glasses (Fig. 9). The same phenomenon wasvelsésr the second studied
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system (80%)Sk,0s;—20PbC}—xAgCI. This exemplifies the photosensitivity of tees
glasses: under light illumination monovalent sili'reduced by trivalent antimony to
silver chloride, leading to metallic silver nanojdes.

Fig. 9. Color change versus AgCI concentration fer (7 0-x)Skh,O;—30PbCJ—xAgCl system:
a—5%;b— 10%;c — 20%;d — 25%.

CONCLUSION

Glass formation has been studied in theGabPbCL-AgCl ternary system. In
this system two groups of glasses were preparegrdiog to the following composi-
tion rules: (80%)Sh,0;—20PbC}—~xAgCIl and (70x%)Sh,0Os—30PbC}—xAgCl. The in-
crease of the molar concentration of AgCl led ® diecrease of the molar volume and
the glass density. Increasing PpCbncentration gave the same effect. Similar varia-
tions were observed for the transition glass teatpes according to AgCl and PRCI
concentrations. A practical observation was thatrttore stable system was with 20%
of PbC}L in the ((80%)ShO;—20PbC}xAgCl) series. Young's modulus and
microhardness behave in the same way and bothasecvenen the AgCI concentration
increases. The larger values of hardness and Ysungdulus were obtained in the
previous system (863Sh,0:—20PbC}—xAgCl, and the maximum was obtained for 5%
AgCl concentration. Finally, this study showed thierest in AgCl which can produce
optimized glasses for various applications.

PE3IOME. Onucano HOBI XJIOPaHTIMOHITOBI CKJIa, OTpHMaHi B MOTPiiiHii cuctemi SOz—
PbCL—AgQCI. TToagano pe3ynsTaTé DOCTIHKEHHS iX TEIUIOBHUX, ONTHYHKUX 1 MEXaHIYHUX BIACTH-
BOCTeH. BMicT xiopuay y ckiaii ux MaTepianiB 30UIbLIEHO, IO BIUIMHYJIO Ha iX MIKPOTBEp-
micte. 3amexxHo Bix Bmicty AQCl MikpoTBepmicTh ckia 3MiHIOBajmacs B Mekax Bim 110 mo
140MPa. OnTuuHuit niama3oH npomyckanHs 30inemenui 3 400 nmy BuanMiit odmacti crekTpa
Jo 7 um B iH(ppauepBoHOMY crekTpi. IlokasHuk 3amomieHHs ~2. TemmepaTypa CKITyBaHHS,
BUMIpsIHa METOIOM JuepeHIiiHOT CKaHIBHOI KanopuMeTpii, konusanacs B Mexxax 250...290C.
Bigmideno, mo BoHa 3MeHmIyeThest 3a 3aMinn SkpO; AQCI i HalicTabimpimma cucrema 3 20%

PbCh y citi (80-X)Sh,O3—20PhCh-xAgCl.

PE3IOME. Oniicanbl HOBbIE XJIOPAaHTUMOHHUTOBBIE CTEKJIA, TOJIyY€HHBIE B TPOMHOM cucTe-
me ShO;—PbCl—AgCI. [Ipencrasiens! pe3yibTaThl HCCICIOBAHUN HX TEIUIOBBIX, ONTUYECKUX
U MexaHu4eckux cBoiictB. CozeprkaHie XJIOpUIa B COCTABE ITHX MATEPHAIOB YBEIMYCHO, YTO
MOBIIMSUIO Ha WX MHKPOTBEpHOCTh. B 3aBucumoctu ot coxpepxkanus AQCl mukporsepmocts
cTekia u3MeHsack B npenenax ot 11010 140 MPa. Ontuueckuii uamna3oH npoIrycKaHus yBe-
nuer ot 400 NmB BuaMMO# 06nacTu criektpa 10 7 MM B nHpakpacHoM crekrpe. [lokaszarens
npenomiieHus ~2. Temneparypa CTEKIOBaHUS, U3MEPEHHAs METOJIOM TU(QepeHIInalIbHON cKa-
HUpYolell kamopuMmerpuu, konebanack B mpenenax 250...290€. OrmedeHo, 4TO OHA YMEHB-
mraercst B Mepy 3amensl SBO; AQCl n naunbonee crabmisHas cucrema ¢ 20% PbC] B crexite

(80-X)Sh,05-20PbC4—xAgCl.
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