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STRACT

Glasses in the pseudobinary systems xNaBO,.(1-x)LiBO, and xLiAlO,.(1-x)LiBO, have been
prepared and studied by vibrational spectroscopy and differential scanning calorimetry. The
corresponding phase diagrams have been investigated and the crystals discovered formed the basis
for the structural understanding of the glasses. The temperature and composition dependence of the
glass devitrification products is used to decode the structural relaxations governing the melt to glass
transition. :

INTRODUCTION

A chemical assessment of the glass transition implies the establishment of equilibria between

discrete entities in the melt and their kinetic freezing upon quenching, Recently, Mazurin forwarded
a stmple theoretical model on the temperature and time dependence of chemical equilibria and
succeeded to reproduce phenomenological aspects of the glass transition (1). The microscopic
experimental support to this approach is difficult, since structural data on melts are scarce, and the
in situ probing of the structural changes occurring upon quenéhiﬁg unfeasible. |

Nevertheless, the complicated thermodynamic and kinetic processes are stored in the structure
of glass, which retains the memory of structural events that led to its formation (2). We have recently
demonstrated the possibility to decode conveniently this memory by subjecting glasses to isothermal
devitrificatioqat temperatures both below and above Tg and evaluating spectroscopically the structure
of the crystallization products. In the case study of glassy lithium metaborate, g-LiBOz, we found
evidence for the participation in the glass network of structural arrangements encountered in three
distinct polymorphs: o-, #- and y-LiBO, (2). The vitrification of g-LiBO, was attributed to the
e_ntanglerrient of the a—f'—y transformations in the melt upon quenching, The three LiBO,
polymorphs exhibit different ratios of metaborate triangles' and tetrahedra (BQ,0" and BQ,
respectively, where @ and O denote bridging and terminal oxygen atoms). Hence, our results on the

glass transition of LiBO, are compatible with the isomerization scheme proposed by Mazurin (1),
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with the added value of novel structural understandmg beyond the local range order (2,3).

This report ‘deals with the apphcatlon of dewtnflcatlon/structural studles to systems more
complex than glassy LlBOZ, namely the pseudobmary glass families xNaBO (1-x)L1B02, 0<x<0.75,
and xLiAIO (1-X)L1B02, 0<x<0.42. The systems have been selected so as to represent a typical mixed-
alkali system with fixed network stoichiometry, and a mtxed-network situation with constant average

charge per boror polyhedron

EXPERIMENTAL o _ - . )
Glasses have been-pr'epared eOnventiondﬂy,}f their I"Ram.an and infrared reﬂectance spectra'have

been obtained, dnd their Tg measured by DSC. Moreover, ‘the erystalline phase diagrams

corresponding to the glass forming regions have been studied in det.ail by melt crystallization, high®

temperature solid state reactions and glass devitrification.

RESULTS AND DISCUSSION
The. composxttonal dependence of Tg for the two systems is. shown in f1gure 1 Both NaBO

and- LLA}.O substitutions result ina sharp initial’ drop of Tg up to x«(} 25, Beyond this pomt Tg -

continues to drop ata reduced slope in the former system but shows a defuute increase in the latter. -

It is obvious that these trends reflect structural " 430 , _
alteratlons induced by mcreasmg x and thus, | @ xNaBO,.(1-x)LiBO,
their elucidation can benefit from the structural - L O xLiAl0;.(1-x)LiBO,

investigation of the glasses. A convenient way
to apofoaoh' ‘such structural changes.. is by
considering shifts ~of the 1sornerlzat10n
equilibrivm between metaborate triangles and
tetrahedra ,BQ,0" = BQ,” (2, 4) resulting from
Li-Na: mmng or Al substitution. A detailed
spectroscopic investigation ,aumng at the
elucidation of such effects is teported elsewhere

(5 6) and the main results are summarized here;

Increasmg x in Li-Na metaborate glasses .

results'in the decrease of N,', the fraction of 330'_ - .
four-coordinated boron atoms in the glass. This o 0 - 0.25 . 0.50 0.75
is directly inferred from the relative infrared S '
intensity i '800:1100 cm™? region , where s

intensity in the 8.00_ A glon., r? S Fxgurel Glass trans:tzon temperatures of the
stretching vibrations of BQ,” tetrahedra are - xNaBO, (1-x)LiBO, and xLiAlO, (1-x)LiBO,
. T ‘ b - glasses. Lines are guiding the eye.

active." As shown in figure 2, the characteristic
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band envelopes in this range appear reduced in intensity as x increases (5). Figure 3 depicts the
Raman spectra of Li-metaboroaluminate glasses, in which the spectral features of g-LiBO, are found

to give place to bands at ca 400 and 950 cm™, which are typical of AlQ " tetrahedra (6).
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Figure 2. Infrared spectra of representative Figure 3. Raman spectra of representative
xNaBO,.(1-x)LiBO, glasses. xLiAlO,.(1-x)LiBO, glasses.

Of particular interest in the structural investigation of borate glasses is the high frequency
Raman region (1300-1600 cm™"), where localized stretches of B-O” bonds on metaborate triangles are
active. The frequency maximum of this feature is sensitive to the second neighbours of the B-O"
probe which cause a redistribution of the n-electronic overlap, and can be correlated to the average
B-O" bond length (7). The regions of B-O” Raman activity for representativé glasses of the two
families are compared in Figure 4. It is seen that increasing NaBO, substitution in LiBO, glass
networks causes an upshift of the B-O" stretching frequencies (fig. 4a), which indicates that the B-O"
probes sense a reduced number of B, second neighbours. Obviously, the result is compatible with
the decrease of N, with x. To the contrary, increasi’n.gnLiAlO2 substitution results in a pronounced
decrease of the average B-O stretch frequency (fig. 4b). This effect is taken to originate from the
high basicity of AIQ,” neighbours and manifests the covalent interactions between metaborate

triangles and metaaluminate tetrahedra in the glass.
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F: gure: 4. chresentat: vé Raman spectra of xNaBO,,. (1-x)LiBO, and XLLAJO::\. (1-x)LiBO,
glasses in the frequency range of B-O stretching activity.

"_"'Furthexl insight on the intermediate range structure of the glasses of interest ¢omes from, the
study of the éd'rfésponding cfyst'a’lline phase diagrams. The LiBO,-NaBO, join is found to comprise
three LiBO, polymorphs, a mixed alkali metaborate (LizNaB,Og), the well known ring-NaBO,
compound and possibly a second NaBO, polymorph containing both triangles and tetrahedra (5). The
corres;:vcmdixllg'LiBOa'iLiAlC)2 join contains, apart from the known polymorphs of the end-members,
two mixed-network compounds with stoichiometries Li;B,AlO, and Li,BAIO, (6). The former has
been characterized by XRD techniques (8), while spectroscopic comparisons indicate that the latter
is isostructural to its known Ca- and Sr- analogues (6,9). The crystal chemistry of the two systems
shows a pronounced temperature dependence (polymorphic transitions, high temperature dissociation
etc).  Hence the study of the crystalline phase diagrams provides the thermodynamic driving force
for structural rearrangements upon melt quenching. Moreover, examination of the glass spectra in
light of those of the corresponding crystals reveals striking similarities and allows not only the
‘identification of the network polyhedra, but also that of longer range arrangements in glass.

To investigate fully the chemical aspécts of the glass transition in the two glass families, we
have performed detailed devitrification experiments as a function of composition and temperature.
It was first found that all Li-Na metaborate glaéses, as well as the Li-metaboroaluminates with x<0.33,
exhibit sub-Tg crystallization. Under such mild conditions, devitrification proceeds presumably
without major alterations of the glass network sequence (10), and hence the resulting crystalline
products are structurally similar to the parent glasses.. A second observation concerns the x

-dependence of the temperature ranges corresponding to §’-and y-LiBO, formation. Pure glassy -
‘LiBO, devitrifies into §"-LiBO, between 400 and 420 “C and into y-LiBO, below 400 “C (2).
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Additions 'ot.' either NaBO, or LiAlO, suppress éonsiﬂérably the_sé domains. Thus, a glass 'iifith_xNaBoz‘
=0.05 devitrifies into §-LiBO, between 380 and 400 "C and that With‘xN;Boz =(.14 below 350 °C
(5). The glass with xp 410, =0.10 yields §-LiBO, only below 375°C (6). Figure 5 gives a qualitative
mapping of the devitrification products of xNaBO,,.(1-x)LiBO, compositions with x<0.25. In the
case of glassy LiBO, the glass formation was associated with the entangleme_:nt of sfructural
relaxations of the cooling melt, and the glass transition was correlated with the tempefafure threshold
below which devitrification yields tetrahedra-containing 'polyrnofphs (2). In low x glasses (x<0.25)
of either system, the growthl of LiBO, polymorphs governs the devitrification profile for
stoichiometric reasons. Thus, the systematic decrease with x of the a to §’ devitrification temperature
threshold can provide a structural account for the parallel decrease of Tg and the: aforementioned
similarity in the Tg vs x trends. Beyond x=0.25 the differences in crystal chemistry between the two
systems set in and account for the deviation of the two curves from each other (figure 1).

- While the devitrification. chenﬁétry of g-LiBO, and its low-substitution -pseudobinary
derivatives s structurally discontinuous around Tg, that of glasses with Xy, =0.25 and X ;4,5, =0.33
and 0.50 is structurally smooth. This is taken to indicate that the chemical relaxations of the melt to
glass transition in the latter cases do not involve major alterations of the network structure and

should induce a smoother increase of the log viscosity upon approaching Tg. Thus, while LiBO, is
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a melt in the fragile limit (11), increasing either xy g, OF Xy ;4100 results in the enhancement of the
melt’s strength. At the same time the definition of chemically identifiable pseudophases in glass (3)
becomes less meaningful (5,6). It should also be added that the above spectroscopic and
devitrification results confirm the fact that the network structure of mixed alkali glasses should not

be taken as independent of alkali-mixing (12,13).

Acknowledgements: Helpful discussions with Drs. M.D.Ingram and J. Hutchinson (AU) are
acknowledged. The work has been financed by NHRF and AU. Collaboration between the two
laboratories was made possible by the NHRF / Royal Sociéty Exchange Programme, as well as by
the British Council Academic Travel Grant ATH/609/3/30.

REFERENCES

1. 0O.V.MAZURIN, J.Non-Cryst. Solids: Theory of glass transition; Chemical equilibria approach.
| 129 (1991) 259.

2. G.D.CHRYSSIKOS, E.LKAMITSOS, A P.PATSIS, M.S.BITSIS and M.A . KARAKASSIDES,
J.Non-Cryst. Solids:The devitrification of Lithium metaborate, Polymorphism and glass
formation. 126, (1990) 42, and Chemical relaxations at the glass transition of a lithium
conducting glass. 131-133 (1991) 1068

3. M.D.INGRAM, G.D.CHRYSSIKOS and E.LLKAMITSOS, J.Non-Cryst. Solids: Evidence from
vibrational spectroscopy for cluster and tissue pseudophases in glass. 131-133 (1991) 1089

4. EIKAMITSOS, M.ALKARAKASSIDES, A.P.PATSIS and G.D.CHRYSSIKOS, J.Non-Cryst.

~ Solids. Laser-induced crystallization of glassy caesium metaborate studied by Raman
spectroscopy. 116 (1990) 115.

5. G.D.CHRYSSIKOS, J. A KAPOUTSIS, A.P.PATSIS, EILKAMITSOS and A.J.PAPPIN, J.Non-

Cryst. Solids. - Lithium-sodium metaborate glasses, structural aspects and 'vitrification

chemistry, submitted for publication (1992)

G.D.CHRYSSIKOS,M.S.BITSIS, ELKAMITSOS and A.J.PAPPIN ,manuscriptin preparatlon

G.D.CHRYSSIKOS, J.Raman Spectroscopy. Bond length-Raman frequency correlations in

borate crystals. 22 (1991) 645.

8. G.K ABDULLAEYV and K.SMAMEDOQY, Sov. Phys. Crystallogr. Refinement of the crystal
structure of lithium aluminoborate Li [AL(BO;),]. 27 (1982) 229.

9. K.FUKUMI, JFUKUNAGA, N.YOSHIDA and MIHARA, Yogyo-Kyokai-Shi. Raman
spectroscopic study of CaO-Al,03-B,0,. 92 (1984) 680. _

10.  U.GIESE, HHESSENKEMPER and R.BRUKNER, J.Non-Cryst. Solids. Crystallization
behaviour of CaBa(PO,), glass depending on temperature and load. 127, 75 (1991)

11. C.A.ANGELL, CA.SCAMEHORN, D.J.LIST and J.KIEFFER, Proc. X Int.-Congr. Glass.
Glassforming liquid oxides at the fragile limit of the viscosity-temperature relationship.
Leningrad 1989, Vol. 1a, p. 204

12. A HDIETZEL, Phys. Chem. Glasses. On the so-called mixed alkali effect. 24 (1983) 172

13.  EIKAMITSOS, A.P.PATSIS and G.D.CHRYSSIKOS, Phys. Chem. Glasses. Interactions
between cations and the network in mixed alkali borate glasses. 32 (1991) 219.

N

32



