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This paper studies the thermal stability and the glass formation region the 
AgI-Ag20--B203 system. The miscibility range of the components has been investigated by 
direct visual observation at 1000~ i.e. where the system is liquid over the entire com- 
positional range. By combining X-ray and differential thermal analysis (DTA) measure- 
ments, the large region of glass formation of the system has been determined. The depen- 
dence of the glass transition temperature upon the glass composition is discussed. Series 
of glasses have been annealed over extended time intervals above the glass transition temper- 
ature in order to characterize the "equilibrium" phase diagram for the system. Analysis of 
the annealed materials shows that several crystalline compounds form upon annealing. 

Glasses have tong been materials of choice for technological applications, and have 
recently become the object of fundamental researches in the field of  condensed 
matter. Many efforts are devoted to characterizing the "structure" and thermal sta- 
b i l i ty  of glass systems, in the hope of f inding the key to the understanding of the 
"universal" properties of disordered materials [1]. This paper presents an investigation 

of the system A g I - A g 2 0 - B 2 0  3, which has been undertaken wi th the aim of pro- 
viding a well-characterized model system suitable for basic researches. While there is 
an enormous literature on the subject of glasses made of  boron and metal oxides [2], 
relatively l i t t le is known on the ternary systems containing monovalent halides. 
However, the interest of these compounds is enhanced by their unusual ion transport 
properties in the solid state [ 3 -7 ] .  Ion conduct iv i ty studies al low the selection of 
technologically promising materials, while providing an aspect of  glass dynamics which 

is not yet fu l ly  understood. 
Structural studies on borate glasses nave a long tradit ion [2] and several structural 

"groups" have been identif ied in the borates. However, this knowledge does not 
enable us to predict many physical properties of the glasses, even when specific as- 
sumptions, such as those introduced by the random network model [2], are made. 

The reason f o r  the partial failure of the Zachariasen model is that correlations exist 
between the orientations of adjacent structural units, or that the glass is not "perfect ly 
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disordered". The question of the "intermediate range order" has some bearing on the 
crystallization problem and the glass stability, since crystallization can be depicted as 
the growth process of the "coherence domains". An analysis such as that presented 
here should be made before discussing this type of problem. Furthermore, it is hoped 
that information can be obtained about the "interaction" between the glass matrix 
and the "doping salt" (in our case Agl), which is responsible for the high ionic con- 
ductivities of some of the samples studied. 

Experimental methods 

Standard glass-making procedures have been used to obtain our silver borate glasses; 
in particular, the Ag20 component was obtained by the addition of AgNO 3, weighed 
amounts, of the components were brought to ~ 950 ~ and the melt, after evolution of 
the decomposition products, was quenched in stainless steel molds at room tempera- 
ture (rt). Standard chemical analysis techniques were used to accurately determine 
("~ 1%) the composition of the products. The phase equilibria in liquids at 1000 ~ were 
characterized as follows: Agl was usually sealed in a quartz tube with the desired 
amount of a Ag20 -B203  glass (or of the stable A g I - A g 2 0 - B 2 0 3  compound with 
the lowest Agl content). Direct visual observation of the test-tube at different tem- 
peratures was made with an apparatus described elsewhere [8]. X-ray powder dif- 
fractometry and differential thermal analysis (DTA) techniques were routinely [4] 
applied to the samples. The glass-formation region of the A g I - A g 2 0 - B 2 0 3  system 
was defined as the compositional range where no Bragg peaks were observed in the 
X-ray patterns. Vitreous samples were usually transparent. The glass transition tem- 
perature (Tg) was defined as the point where the DTA recording showed a "sudden" 
endothermic deviation when the sample was heated at 10 degree/min. Well-defined 
crystallization peaks were sometimes observed some 50-100 ~ above Tg, mostly in 
samples with a high Agl content. Annealing of several glass samples for each com- 
position was performed at temperatures "~ 50 ~ above Tg. It should be noted that the 
choice of the annealing temperature is restricted by the need to avoid the formation 
of liquid phases, which may occur above the eutectic temperature. The annealing time 
was determined by periodically examining sample portions with X-ray and DTA 
techniques. Annealing was stopped when only negligible modifications in the 
recordings were produced by further annealing over a two-day interval. Typically, the 
annealing time appropriate for our glasses was found to be 7 - 1 0  days. 

Results 

Some information about the system A g I - A g 2 0 - B 2 0 3  is summarized in the 
ternary diagram in Fig. 1. As expected, at 1000 ~ Agl and B203 are completely im- 
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Fig. 1 T e r n a r y  phase diagram of  the  A g I - A g 2 0 - - B 2 0  3 system 

miscible. The miscibil ity of Agl and B20 ~ increases with increasing Ag20 content 
and becomes complete for a mole ratio [B203] / [Ag20]  < 1.5. The solid curve in 
Fig. 1 has been drawn along the boundary of immiscibil ity region at 1000 ~ while the 
glass-forming region is bounded by two dashed lines. At high Ag20 contents, decom- 
position phenomena and metallic silver deposition take place in the melt. Samples 
with high Agl contents show X-ray peaks that can be assigned to the/3-phase of Agl 
and are characterized by the sharp transition peak to the e-Agl phase in the DTA 
diagrams (~ 145~ 
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Fig. 2 Compos i t iona l  behav iour  o f  Tg 
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Figure 2 shows the behaviour of Tg as a function of the compositional parameter 
X = [Agl ] / [Agl ]  -t- lag20 ]. In this Figure we have put n = [B203] / [Ag20 ]. Tg 
decreases linearly with increasing X. While this phenomenon is not understood quan- 
titatively, it corresponds to the intuitive fact that the structural strength of a borate 
glass is due to the boron + oxygen network. This strength is somewhat reduced when 
the glass matrix houses the metal halide since a less compact network is favoured. 
However, we have not found spectroscopic evidence for a modification of the borate 
structural units produced by the addition of metal halides [4]. By direct measurement, 
or by extrapolation of the experimental data to X = 0 for n < 2, we have constructed 
a plot of Tg vs n for the "undoped" glasses. Tg reaches a broad maximum in the 
interval 2 < n < 4, which roughly corresponds to the compositional range of glasses 
ideally including the following structural units [2]: pentaborate, tetraborate, triborate 
and diborate. The fact that a pure boron oxide glass has a substantially lower Tg is 
certainly related to the fact that such a glass, contains three-coordinated boron, while 
the coordination and glass stability increase with the content of the metal oxide. 
However, for n < 2, non-bridging oxygens (NBO) are likely to be formed [4]; this fact 
is believed to  be responsible for  the substantial drop in T.q. 

Figures 3and  4 report the equilibrium phase diagrams for the Systems Ag I -Ag20  ~ 
�9 2 B203 and Ag I -Ag20  �9 B203, respectivelyi, as determined from the annealing ex- 
periments, The existence of Stable crystalline/compounds is indicated by maxima in 
the  intensity of both  the Bragg peaks and the DTA melting transition peaks as a 
funct ion o f  the compositional parameter,! The figures show t h e  DTA-determined 
crystallization temperatures o f  the crystalline compounds, A study of the equilibrium 
phase diagram of the A g 2 0 - B 2 0 3  system has already been reported in the literature 
[9]. Our results agree with this early report: We have identified the formation of the 
following compounds: Agl �9 2 (Ag20 �9 2 B203), 2 Agl �9 Ag20 �9 2 B203 (see Fig. 3) 
and Agl �9 2 (Ag20 �9 B203) (see Fig. 4). In Table 1 the characteristic reflection angles 
(2t~) for these compounds are reported. 
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Fig. 3 Equilibrium phase diagram of the Agl~Ag20 �9 2 B20 3 system 
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Fig. 4 Equilibrium phase diagram of the AgI--Ag20 �9 B203 system 

Table 1 Main reflections observed for the indicated compounds 

2 Agl �9 Ag20 �9 2 B203 Agl �9 2 (Ag20 �9 2 B20 3) Agl �9 2 (Ag20 �9 B20 3) 
2~ I/I 0 2e I/I 0 2e I/I 0 
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12.20 35 12,85 60 13,15 15 
12.75 30 15.00 65 15.05 15 
16.15 35 26.50 30 19.20 85 
21.05 10 28.15 60 26.35 10 
31.75 100 30.85 75 27.10 25 
33.30 25 31.30 25 29.00 80 
38.15 50 34.45 100 33.20 30 
42.65 20 35.85 35 34.70 35 

37.70 30 36.20 75 
40.05 40 38.95 100 

42.65 10 

Conclusions 

A discussion of our data on the basis of theories of amorphic i ty ,  or a comparison of 

d i f ferent structural models for  borate glasses, is beyond the scope of this work,  Here, 

we wish s imply to po in t  out  in which sense the type of analysis that  we have presented 

is related to the ionic conduct iv i ty  studies [5] on the borate glasses. In [5]  we mea- 

sured the rt ionic conductivi t ies for several sets of  glass composi t ions as a funct ion 

of  X (wi th n = const.); for  [Ag l ]  = 2 [Ag20  ] all glasses attained the same con- 
duct iv i ty .  This fact strongly indicated the existence of a structural uni t  comprised of 

a A g + - B O ~ -  group which coordinates two Agl molecules. The analysis presented in 
this paper suggests that  more than one conf igurat ion is favored in the Agl-containing 

borate glasses. Obviously, the glass-formation capabi l i ty  depends upon the existence of 
d i f ferent conf igurat ions having small differences on the energy scale. Further, the 

" in termediate range order "  in the metastable phases is believed to depend upon these 
energy differences, an understanding of which is crucial for  a descript ion of  glass 
properties. 
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Zusammenfassung - I m  System Ag I -Ag20 - -B20  3 werden die thermischen Bedingungen und die 
Komponentenverh~ltnisse, unter denen eine Glasphase existent ist, untersucht. Der Bereich der 
Mischbarkeit der Komponenten wurde durch direkte visuelle Beobachtung bei einer Temperatur 
von 1000~ untersucht, bei der das System (Jber den ganzen Bereich der Zusammens~zung hinweg 
fl0ssig ist. Der ausgedehnte Bereich der Glasbildung im untersuchten System wurde durch kombi- 
nier~e r~ntgendiffraktometrische und differentialthermoanalytische Messungen bestimmt. Der 
Zusammenhang zwischen Transformationstemperatur und Zusammensetzung des Glases wird 
diskutiert. Eine Serie von Gl~isern wurde 0her I~ngere Zeit oberhalb der Glastransformationstem- 
peratur getempert, um ein "Gleichgewichts"-Phasendiagramm for das System zu bestimmen. Bei 
thermischer Behandlung werden in den getemperten Materialien verschiedene kristalline Verbin- 
dungen gebildet. 

Pe31oMe - H3yqeHa TepMOyCTOVI~IH BOCTb H oTnacTb CTeKnoo6pa3OBaHHR CHCTeMbl 
A g I - A g 2 0 - B 2 0 3  . O~laCTb CMeUJHBaeMOCTH KOMnOHeHT 5blna HCcne/~oBaHa rlpRMblM BH3y- 
anbHblM Ha6moAeHHeM npH 1000~ r/~e CHCTeMa RBRReTCR >KHAKO~ BO Bce~ o6n~CTH COCTaBa. 
KOM(SHHHIOOBaHHeM peHTreHorpa~HqeCKHX H ~ T A  H3MepeHHR, onpeAeneHa o6naCTb CTeKnO- 
o6pa3OBaHHR B 3TOR CHCTeMe. O6cy~K/~eHa 3aBHCHMOCTb TeMnepaTypbl paCCTeKnOBblBaHHR 
OT COCTaBa CTeKna. ~,nR onpe/3,eneHHR ~OpMbl "paBHOBeCHOR" ~a3oBo~ /~HarpaMMbl CHCTeMbl, 
cepHR CTeKOn 5blna flOABepl'HyTa OT>KHry BblLUe TeMnepaTypbl paccTeKnOBblBaHHR npH pa3nHq- 
HblX HHTepBanax BpeMeHH. AHanH30TTO)KeHHblX oSpa3u, OB noKa3a9, qTO B npo[tecce TepMH- 
qeCKO~l oTpa6OTKH o6pa3yeTCR HecKOnbKO KpHcTannHqOCKHX cOeAHHeHH~. 
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