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Thermochemical study of the liquid Systems BaO-BgOs and CaO-BgOs^) 
Franz Müller and Suat Demirok 
Institut für Gesteinshüttenkunde, Rheinisch-Westfälische Technische Hochschule, Aachen (FRG) 

The integral molar enthalpy of mixing of the hquid mixtures BaO-B203 and CaO-B203 was measured calorimetrically in the composition 
ränge from about 30 to 100 mol% B2O3 at temperatures of 1551 and 1725 K, respectively, and the partial molar enthalpy of mixing of the 
component oxides was obtained by the method of intercepts. The curves representing the functional dependence of the integral and partial 
enthalpy of mixing on composition are composed of three distinct sections separated one from the other by "singularities" (points of 
inflection, maxima, etc.). The possible significance of this as well as the relationship between the thermochemical and structural properties 
of the Hquid mixtures are discussed on the basis of information, reported for the structure of these mixtures in the hterature. 

Thermochemische Untersuchung der Schmelzen B a 0 - B 2 0 3 und GaO-BaOa 

Die integrale molare Mischungsenthalpie der Schmelzen BaO-B203 und CaO-B203 wurde im Bereich eines Stoffmengengehaltes von 
ungefähr 30 bis 100 % B2O3 bei 1551 bzw. 1725 Κ kalorimetrisch gemessen, und die partielle molare Mischungsenthalpie der 
Oxidkomponenten in den Schmelzen wurde nach der Abschnittsmethode bestimmt. Die Kurven, die den isothermen Verlauf der 
Mischungsgrößen als Funktion der Zusammensetzung darstellen, sind aus drei Abschnitten aufgebaut, die durch „Singularitäten" 
(Wendepunkte, Maxima usw.) deutlich voneinander getrennt sind. Die Bedeutung dieses Befundes sowie der Zusammenhang zwischen den 
thermochemischen und struktureUen Eigenschaften der Schmelzen werden an Hand von Informationen, die über die Struktur dieser 
Schmelzen in der Literatur vorliegen, erörtert. 

1 . INTRODUCTION 

During the past decades there has b e e n an increasing 
interest in the phys icochemical propert ies of ox ide 
m e l t s , especial ly from the point of v i e w of glass 
sc ience and technology . Within the frame work of 
these efforts, the invest igation of the thermochemical 
propert ies of such melts by high temperature calo­
rimetry has recently started in this laboratory. The 
results of preceding invest igations referring to the 
l iquid mixtures C a O - B 2 0 3 [1] and N A 2 0 - S I 0 2 [2] 
have already b e e n , or are be ing publ i shed. In the 
present communica t ion , the study of this type of 
mixtures is e x t e n d e d to the hquid sys tem B a O - B 2 0 3 , 
in which the enthalpy of mixing has b e e n determined 
in the ränge from 30 to 1 0 0 m o l % B2O3 at 
1551 K. 

Further ealorimetrie m e a s u r e m e n t s have b e e n 
performed o n the hquid mixture C a O - B 2 0 3 at 
1725 Κ in order to S u p p l e m e n t the data already 
presented in a recent p u b l i c a t i o n [1] . T h e a im of these 
m e a s u r e m e n t s was the product ion of additional data 
so that the functional d e p e n d e n c e of the enthalpy of 
mixing o n compos i t ion m a y be es tabhshed with 
greater accuracy. 

Received 18 October 1988. 
1) Presented in German on 31 May 1988 at the 62nd Annual 
Meeting of the German Society of Glass Technology (DGG) in 
Würzburg (FRG). 

IN THE SOLID S ta te , THE BINARY Systems B A O - B 2 0 3 
AND CAO—B2O3 EXHIBIT REMARKABLE SIMILARITIES, BUT 
ALSO INTERESTING DIFFERENCES. ACCORDING TO THE PHASE 
DIAGRAMS ( B A O - B 2 0 3 : [3 TO 7 ] ; C A O - B 2 0 3 : [7 AND 
8 ] , EACH SYSTEM POSSESSES FOUR Compounds 
(3 BAO · B2O3, BAO · B2O3, BAO · 2 B2O3, and 
BAO · 4 B2O3; 3 CAO · B2O3, 2 CAO · B2O3, 
CAO · B2O3, and CAO · 2 B2O3); IN BOTH Systems, THE 
MELTING POINT OF THE Compounds DECREASES SYSTEM-
ATICALLY WITH INCREASING B2O3 CONTENT. HOWEVER, IN 
B A O - B 2 0 3 , A PYROBORATE c o r r e s p o n d i n g TO 
2 CAO · B2O3 DOES NOT EXIST; THE TETRABORATE 
BAO · 4 B2O3 IS FOUND INSTEAD. 

IN VIEW OF THESE DIFFERENCES, IT SEEMS TO BE OF 
INTEREST TO COMPARE THE THERMOCHEMISTRY OF HQUID 
B A O - B 2 0 3 WITH THAT OF LIQUID C A O - B 2 0 3 . IN 
PARTICULAR, IT WAS HOPED THAT THE ENTHALPY-OF-MIXING 
DATA MIGHT THROW SOME HGHT ON THE STOICHIOMETRY OF 
THE BORATE SPECIES IN THESE LIQUIDS. 

2 . EXPERIMENTAL 

T h e measurements were performed by the drop 
m e t h o d . Samples containing an intimate mechanical 
mixture of crystahine alkahne earth oxide A O 
( = B a O or C a O ) and amorphous B2O3 at r o o m 
temperature ( = 295 K) were dropped into the 
calorimeter operating at the temperature ( = 1551 
and 1725 K, respect ively) . The overah process occur-
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Figure 1. Enthalpy increments Η{Τ^)-Η{Τ,) (see equation (1)), 
measured by heating BaO(c.) + B203(gl.) and CaO(c.) + 
+ B203(gl.) mixtures of defined composition χ in the calorimeter 
from room temperature Tj. = 295 Κ to the ealorimetrie temperature 
Tc which was kept at 1551Κ in the measurements on the 
BaO-B203 System and at 1725 Κ in the measurements on the 
CaO-B203 System; : mechanical mixture 
( l -^ )AO(c . ) + ^B203(l.). 

ring in the calorimeter may formally be described as 
fol lows (c. = crystalline, 1. = hquid, gl. = glass): 

(l-x) AO(c., Tr) + X B203(GL., T,) > MBITURE(L., T^), A/fj . (1) 

A t the fixed temperatures Tj. and Γ ,̂ the enthalpy 
change AH^ = H{T^)-H{T,) associated with this 
process is measured as a function of composi t ion 
given by the molar fraction, of B2O3. For χ = 0 and 
X = 1, the enthalpy change obviously refers to 

AO(c., T,) > AO(c., , AH2 , 

B203(GL.,R,)^B203(L.,RE),A//3, 

(2) 

(3) 

RESPECTIVELY. THE INTEGRAL MOLAR ENTHALPY OF MIXING, 
A^H, FOR A HQUID MIXTURE OF COMPOSITION χ AND AT 
TEMPERATURE IS OBTAINED BY LINEAR COMBINATION OF 
EQUATIONS (1 TO 3): 

(l-jc) AO(c., T^) + X Β2Θ3(1., Tc) > MIXTURE(L., T,) , A^H, 

A^H = AHi-(l-x) AH2-X ΔΗ3. (4) 
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Figure 2. Integral molar enthalpy of mixing A^ of the liquid 
mktures of B2O3 with BaO and CaO at 1551 and 1725 K, 
respectively, as a function of composition JC; reference states: 
BaO(c.), CaO(c.), and Β2Θ3(1.). 

THE EALORIMETRIE MEASUREMENTS WERE CARRIED OUT IN 
THE SETARAM H T 1500 CALORIMETER (SETARAM, LYON 
(FRANCE)) UNDER AN ARGON ATMOSPHERE. THE EXPERI­
MENTAL SET-UP AND PROCEDURE OF MEASUREMENT WERE 
SIMILAR TO THOSE USED IN THE AUTHORS' RECENT WORK ON 
THE MIXTURES C A O - B 2 0 3 [1] AND N A 2 0 - S I 0 2 [2 ] . 

IN THE MAJORITY OF MEASUREMENTS SAMPLES WITHOUT 
ANY PLATINUM COVER WERE USED; IN THESE CASES, THE 
CALORIMETER WAS CAHBRATED BY DROPPING SPHERES OF 
PURE PLATINUM AT ROOM TEMPERATURE INTO THE CALORI­
METER AT THE OPERATING TEMPERATURE. IN ADDITION, 
SOME MEASUREMENTS WERE MADE BY USING SAMPLES 
ENCAPSULATED IN 10 ΜM PLATINUM FOU, AND THEN 
CALIBRATIONS WERE CARRIED OUT USING CORUNDUM SPHERES 
ALSO ENCASED IN 10 ΜM PLATINUM FOU. RESULTS OBTAINED 
BY BOTH METHODS OF MEASUREMENT AND CAHBRATION 
AGREED WELL. THE HEAT EFFECTS OF THE CALIBRATION RUNS 
WERE CALCULATED ON THE BASIS OF THE ENTHALPY DATA FOR 
PLATINUM AND CORUNDUM RECOMMENDED BY BARIN ET AL. 
[9 AND 10] . THE REPRODUCIBIHTY OF THE CALIBRATION WAS 
ABOUT 2 %. 

B2O3 WAS PREPARED BY HEATING BORIC ACID (P.A., 
MERCK, DARMSTADT ( F R G ) ) IN A PLATINUM DISH OVER A 
GAS BURNER UNTÜ BUBBHNG SUBSIDED. THEN THE MELT 
WAS EXPOSED TO VACUUM, AND ITS TEMPERATURE PERI-



Table 1. Integral molar enthalpy of mixing A^H of the hquid 
System B a O - B 2 0 3 at 1551 Κ as a function of composition given by 
the molar fraction χ of B2O3. Reference states: BaO(s.), 6203(1.) 
(s. = solid) 

203 AjnH in kJ/mol ^B203 A^H in kJ/mol 

0.30 -68.96 ± 1.9 0.71 -35.76 ± 3.3 
0.35 -68.84 ± 2.3 0.725 -33.30 ± 4.7 
0.38 -66.43 ± 2.0 0.74 -28.85 ± 2.7 
0.40 -64.74 ± 2.4 0.75 -27.44 ± 3.6 
0.45 -62.44 ± 2.5 0.76 -24.18 ±4 .1 
0.50 -60.19 ± 3.0 0.775 -18.70 ±4.4 
0.525 -59.18 ± 2 . 3 0.80 -12.22 ±3.4 
0.55 -54.79 ± 4.2 0.81 -10.3 ±2.9 
0.60 -53.04 ± 3.3 0.825 - 9.05 ± 5.0 
0.62 -50.39 ± 3.0 0.85 - 5.37 ±3.4 
0.64 -47.98 ± 2.5 0.875 - 2.10 ±3.2 
0.65 -46.18 ±3 .4 0.90 + 0.29 ± 3.5 
0.68 -41.60 ± 3 . 1 0.92 + 1.20 ±4 .1 
0.70 -38.73 ± 4.0 0.95 + 1.81 ±3.8 

Table 2. Integral molar enthalpy of mixing A^H of the hquid 
System C a O - B 2 0 3 at 1725 Κ as a function of composition given by 
the molar fraction χ of B2O3. Reference states: CaO(s.), 
Β2θ3(1.) 

X B 2 0 3 in kJ/mol 

0.252) -34.64 ± 3.5 
0.29 -34.10 ± 2 . 1 
0.332) -33.04 ± 2.3 
0.36 -33.82 ± 1.9 
0.402) -32.63 ± 2.2 
0.46 -31.92 ± 2.5 
0.502) -30.75 ± 3.0 
0.53 -28.71 ± 3.2 
0.572) -26.10 ± 3 . 1 
0.60 -23.32 ± 2.6 
0.64 -19.98 ± 2 . 3 
0.6672) -16.81 ±2 .6 
0.70 -13.91 ± 1.9 
0.72 -11.34 ± 4 . 1 
0.752) - 7.97 ±2 .7 
0.78 - 4.80 ± 3.2 
0.81 - 3.22 ± 2.5 
0.832) - 3.34 ± 2.2 
0.85 - 0.59 ± 2.7 
0.902) + 0.99 ± 2.3 

2) Taken from [1]. 

odical ly changed b e t w e e n about 1150 and 1500 Κ in 
Order to expel traces of water [11]. T h e anhydrous 
B2O3 glass, stih enc losed in the react ion vessel , was 
transferred to a g love b o x where an argon atmos­
phere free of H 2 O and C O 2 was maintained. H e r e , 
the glass was pulverized in a bah mih and stored in a 
desiccator. 

B a O and C a O w e r e prepared from BaC03 and 
CaC03 (both p .a . , M e r c k ) , respectively. T h e carbo­
nates were d e c o m p o s e d and the ox ide powders thus 
obta ined were annea led overnight at about 1500 K. 
B o t h decompos i t i on and anneahng w e r e performed 
in a plat inum crucible in vacuum. Subsequent 

examinat ion of the B a O and C a O powders by X-ray 
powder diffraction using Cu-K^^ radiation indicated 
the purity of the substances. 

From the fine powders of the oxides , two-phase 
mixtures B a O + B2O3 and C a O + B2O3 of fixed 
compos i t ion were prepared in the glove box: The 
corresponding amounts were intimately mixed in an 
agate mortar; the mixtures were compacted into 
pehe t s , and these were annealed at 650 Κ in vacuum 
in Order to improve their mechanical stability. Prior 
to use in the ealorimetrie measurements , the pehets 
were stored in a desiccator in the glove box. 

Samples were taken individually from the glove 
box to the calorimeter with the aid of a glass tube 
c losed at its ends and protecting the sample from H 2 O 
and C O 2 in the air. After the glass tube had b e e n 
connected to the charging tube of the calorimeter by a 
ground glass Joint, and this latter tube and the 
calorimeter had thoroughly b e e n flushed using argon 
gas, the sample was introduced into the calorimeter 
by opening the glass tube towards the calorimeter, 
and the experiment started. 

3. Results 
T h e experimental results are presented graphically in 
figure 1. The integral enthalpy of mixing values 
obtained from the data of figure 1 are hsted in 
tables 1 and 2 and are plotted versus composi t ion in 
figure 2. In order to extract as much information as 
possible from the data represented in figure 2 , the 
partial enthalpies of mixing of the component oxides 
have b e e n determined by the method of intercepts 
(figures 3a and b ) , i .e . by drawing tangents to 
large-scale plots of the integral enthalpy of 
mixing. 

Furthermore, the interaction parameter λ, de­
fined by λ = A^H/{x (l-x)), has b e e n calculated 
(figure 4 ) . N o t e that the plots of the interaction pa­
rameter versus composi t ion also ülustrate the experi­
mental precision achieved in the ealorimetrie meas­
urements . 

4. Discussion 
B o t h Systems have S-shaped enthalpy-of-mixing 
curves (figure 1) which Start out with posit ive values 
in the high B2O3 ränge, rise to a maximum of the 
Order of 1 kJ/mol and fall sharply with decreasing 
B2O3 content . This trend in the hquid State of 
increasing stability with decreasing B2O3 contents 
parahels the thermal stabüity in the sohd State, as is 
indicated by the melt ing points of the barium and 
calcium borates , see sect ion 1. H e n c e , a minimum of 
enthalpy is expected on each curve, i . e . , a maximum 
of stability, at about χ = 0.25 where the Compound 
(3 A O · B2O3) with the highest thermal stability 
exists. B e l o w about χ = 0 .2 , a s teep rise of the 



enthalpy-of-mixing curves is anticipated, as is sug­
gested by the dashed l ines. T h e end points of the 
curves on the axis of the ordinates are determined by 
the heat of fusion of the corresponding alkahne earth 
oxides ( B a O : Α^,Η = 26 .6 , C a O : Α^,Η = 79.5 kJ/mol 
[12]). 

Several significant features are evident from 
figures 2 , 3a and b: 

First, belova about jc = 0 .8 , the formation of the 
barium borate mixture is more exothermic than that 
of the corresponding calcium borate mixture. Quah-
tatively, this trend may be rationalized by means of a 
simple electrostatic mode l which relates the stability 
of liquid oxide mixtures to the ionic potential of the 
metal cations; for a cation of Charge ζ ι and radius 
the ionic potential is defined as z/r^. According to the 
mode l , one expects that the smaller the ionic 
potential , the more negative is the enthalpy of 
mixing; since r^^ > VQ^ o n e antieipates the barium 
borate mixture to be more stable relative to the 
component oxides . 

Second, the enthalpy curves plotted in figure 2 
display a rather strong deviat ion from the symmet­
rical, parabolic relationship predicted by the first-ap-
proximation Solution theories , and the V A R I A T I O N of 
the interaction parameter given in figure 4 shows 
pronounced energetic asymmetry, i .e . the 1 values in 
the B203-rich region are considerably different from 
those in the AO-r ich region. 

Third, be low about Χ = 0 .8 , the composit ional 
dependence of λ exhibhs remarkable deviations from 
linearity. N o t e that both the energet ic asymmetry and 
the deviation from hnearity apparently increase with 
decreasing ionic potential of the metal cation. 

T h e last two features indicate that profound struc­
tural changes occur in the borate melts as a function 
of composi t ion [1]. It is the purpose of the following 
discussion to e lucidate , as far as poss ible , the 
relationship be tween the thermochemical and struc­
tural properties of the borate melts . 

Starting point of the discussion is the Observation 
that both enthalpy-of-mixing curves in figure 2 are 
c o m p o s e d of three different sect ions , which stand out 
o n e against another. O n the B203 -r ich side of the 
diagram, the curvature of the enthalpy-of-mixing 
curve is posit ive; this ränge of posit ive curvature 
extends from Χ = 0.8 to 1 in the B a O - B 2 0 3 system 
and from Χ = 0.75 to 1 in the C a O - B 2 0 3 system. In 
the region be low these compos i t ions , where the 
curvature is negat ive , o n e may distinguish two further 
sections which can, over a certain ränge, be ap­
proximated by straight lines dotted in figure 2. On 
extrapolation, these hnes intersect at Χ ~ 0.65 in the 
B a O - B 2 0 3 System, and at Χ ~ 0.52 in the 
C a O - B 2 0 3 System. Each dissection of the integral 
enthalpy-of-mixing curves in figure 2 clearly has its 
correlate on the partial enthalpy-of-mixing curves in 
figures 3a and b. A t that compos i t ion where in 
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figure 2 the curvature changes from negat ive to 
pos i t ive ( B a O - B 2 0 3 : Χ = 0 .80; C a O - B 2 0 3 : 
X = 0 .75 ) , ex trema are found in figures 3a and b; and 
at approximate ly that compos i t ion w h e r e in figure 2 
the (dot ted) straight l ines cross , points of inflection 
occur in figures 3a and b ( B a O - B 2 0 3 : Χ ~ 0 .67; 
C a O - B 2 0 3 : Χ « 0 .53) . 



T h e ex is tence of distinct regions o n the enthal­
py -o f -mix ing curves is obvious ly c o n n e c t e d with the 
structure of the borate mel ts . T h u s , each section of a 
curve is a s sumed to be related to a certain type of 
structure predominant in the compos i t i on ränge of 
this sec t ion , and each e n d point of a section is 
s u p p o s e d to b e hnked to the ex i s tence of a certain 
type of structural group (polyborate c o m p l e x ) in the 
Hquid. In the fohowing , these findings are to be 
substant iated with the aid of the results given in the 
Hterature o n the structure of borate melts or 
g lasses . 

First valuable information m a y b e obtained from 
t h e work of Bockris et al. [13 to 15] w h o have 
invest igated by indirect m e t h o d s ( e .g . measurement 
of density and transport propert ies) the structural 
changes occurring in l iquid (network-forming) B2O3 
o n first addit ions of a basic (network-modifying) 
o x i d e . In the hquid System P b O - B 2 0 3 , Bockris and 
M e h o r s [13] found o n the curves describing the 
funct ional d e p e n d e n c e of propert ies (densi ty , heat of 
act ivat ion of electrical conductance) o n composi t ion , 
a sharp change within the ränge b e t w e e n zero and 
8 m o l % P b O . F r o m the exper imenta l results, they 
conc luded: a) that with initial addit ions of PbO to 
Hquid B2O3, the cont inuous three-dimensional net­
w o r k of B2O3 b e c o m e s randomly distorted and is 
"broken d o w n " , but remains essential ly a B2O3 
"lattice", and b) that, at 8 m o l % P b O , these 
structural rearrangements c o m e to an end; the 
format ion of discrete po lyborate anions Starts. 

F r o m a thermodynamic point of v i e w , the strict 
aUocation of the processes a) and b) to separate 
ranges of compos i t ion m a y be cons idered to be a 
s implif ication. O n the contrary, o n e has to assume 
that these processes overlap in a certain ränge of 
c o m p o s i t i o n ; but the occurrence of essentially two 
processes ("structure breaking", product ion of dis­
crete anionic entit ies) as observed in the high B2O3 
ränge of the l iquid P b O - B 2 0 3 sys tem appears to be 
characteristic of ah fused ox ide Systems c o m p o s e d of 
non-meta l ox ides with largely cont inuous network 
structures, o n the o n e hand , and network-modifying 
meta l ox ides , o n the other hand [14 and 15] . H e n c e , 
t h e s e processes m a y also b e expec ted to proceed , in a 
qualitat ively simüar w a y , in the B a O - B 2 0 3 and 
C a O - B 2 0 3 Systems. T h u s , the general features of 
the enthalpy-of-mixing curves in the high B2O3 ränge 
(figure 2) m a y tentatively b e expla ined as reflecting 
the concurrent presence of the aforement ioned 
processes : process a ) , predominant at very high B2O3 
content s , is expec ted to b e endothermic , and process 
b ) , prevaihng with decreasing B2O3 contents , is 
cons idered to b e exothermic . In the fohowing, an 
at tempt is m a d e to obtain further information on 
t h e s e processes from results g iven in the htera­
ture . 

There are strong indications [16 to 25] that pure 
l iquid and vitreous B2O3 is m a d e up from six-mem-

bered boroxol rings (figure 5a) and randomly con­
nected planar B O 3 triangles; the bonding is pre-
dominantly covalent . A t comparatively low tempera­
tures, the boroxol ring appears to be the most 
prevalent structural group. With temperature in­
crease this group dissociates increasingly into "free" 
B O 3 triangles which are assumed to organize 
into a random network. 

O n the addition of B a O to an excess of hquid 
B2O3, boroxol groups are broken up and trigonal B O 3 
units are converted into tetrahedral B O 4 units [20 and 
26 ] ; for each oxygen added to B2O3 as B a O , 
2 .12 ± 0.2 B O 4 tetrahedra are formed [26]. During 
the progress of these reactions and under the 
influence of the electrical charges introduced into the 
B2O3 network by the addition of B a O , rearrange­
ments in the network must occur. Changes of B - 0 
bond length appear on the who le to be insignificant 
because these processes presumably require a com­
paratively large expenditure of energy; but bending 
of bridging B - O - B bonds , i .e . deformation of 
average bond angle , is expected , as has already b e e n 
proposed for sihca-rich oxide melts [27]. From this 
discussion there is reason to b e h e v e that process a) is 
c o m p o s e d of (at least) three reactions: destruction of 
boroxol groups , formation of B O 4 units and defor­
mat ion of average bond angle, and guided by the 
results g iven in figure 2 , it may be presumed that the 
overah enthalpy effect of these reactions is endo­
thermic. N o t e that, from the temperature depend­
ence of the intensity of characteristic R a m a n peaks , 
the value of the enthalpy of dissociation of the 
boroxol group into "free" B O 3 triangles, 

B ,0 , • 3 BO3/2 , A ^ H ' 3 ^ 9 / 2 " 

has b e e n est imated to be A^H = 49 Α kJ [18] or 
26 .8 kJ [23] per mol boroxol units. 

O n entering into the discussion on the nature of 
process b) it should first be pointed out that the 
exis tence of weh-def ined and stable anionic groups in 
borate melts and glasses has b e e n a subject of many 
theoretical and experimental studies [16, 20 and 28 to 
31] . With respect to barium borate glasses, this point 
has in particular b e e n investigated by X-ray diffrac­
t ion [32 and 3 3 ] , R a m a n spectroscopy [20] , and 
nuclear magnet ic resonance [26]. The results of these 
investigations strongly indicate that the tetraborate 
group B8O13" (figure 5c) - i .e . a couple consisting of 
o n e pentaborate and o n e triborate group (figures 5b 
and d) - is an important structure e l ement in 
B203 -r ich barium borate glasses. 

O n the basis of this result and o n the assumption 
that the structural picture of borate melts is reflected 
by the properties of the corresponding glasses , it 
may be suggested that in the B a O - B 2 0 3 system 
process b) comprises the formation of the B8O13" 
group. Accordingly , the singularities at χ ~ 0.8 on 
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the enthalpy-of-mixing curves of the B a O - B 2 0 3 
SYSTEM (figures 2 , 3a and b) may be interpreted as 
marking the endpoint of this formation process. 
Thus , the data of the present study indicate, in 
agreement with the findings of previous work 
[20 and 32] , the presence of a stable BgOis" group 
in B203-rich barium borate melts . 

From the results provided by X-ray diffraction 
[32] and R a m a n spectroscopy [20] it has been 
concluded that, b e l o w Χ = 0 .8 , the B g O i ^ group is 
gradually converted into another structural arrange­
ment . The nature of this arrangement could, how­
ever , not be revealed exactly, but there are indica­
tions that it is "characteristic of the diborate com­
posit ion" [32]. This finding is corroborated by the 
results of the present study. From the location of the 
singularities at around χ ~ 0.66 on the enthal­
py-of-mixing curves related to the B a O - B 2 0 3 
System, IT may be inferred that the new arrangement 
represents a borate group with a ratio of oxygen 
atoms to boron atoms of 7 : 4. Information concern­
ing the structure of this group is indirectly provided 
by X-ray diffraction studies [32 and 33] . The results 
suggest that, near the diborate composi t ion , the same 
borate groups occur in vitreous and crystalline barium 

borate [20] , and the borate network of the latter 
( B a O · 2 B2O3) has b e e n shown to consist of the 
ditetraborate group B g O i ^ (figure 5f) [34] , this group 
m a y be regarded as be ing c o m p o s e d of o n e ditribo­
rate and o n e dipentaborate group jo ined toge ther by 
a non-ring oxygen a t o m (figures 5g and h ) . 

O n the basis of, and in accordance with ah the 
exper imenta l results enumerated in sect ion 3 . , it is 
sugges ted that the Β8ΘΊ4Γ group const i tutes the "new 
structural arrangement" which b e c o m e s prevalent 
b e l o w X = 0.8 and is predominant at the d iborate 
compos i t ion in barium borate mel t s . T h e r e are n o 
obv ious indications for the ex is tence of the d iborate 
(B4O7" ) group (figure 5e ) in these mel t s in any large 
quanti t ies , as was postu lated in previous studies [20 
and 32] . 

T h e ex is tence of the relatively large Β8Θΐ3~ and 
ßgOi-T groups in barium borate mel ts is a surprising 
result of the preceding discussion. H o w e v e r , the 
thermal stabihty of these groups is certainly l imited 
(simharly as it is in the case of the boroxo l group , s e e 
earlier in this sec t ion) , and o n e has to assume that 
increasing dissociat ion occurs with temperature . 
Information concerning the nature of the dissociat ion 



products and the degree of dissociat ion is at present 
not avaüable . 

S o far, the discussion has centered on the 
B a O - B 2 0 3 System. Guided by structural informa­
t ion g iven in the l iterature, it has b e e n possible to 
relate singularities in the enthalpy-of-mixing curves 
of the B a O - B 2 0 3 sys tem to the structure of barium 
borate mel t s , and thus the structural significance of 
these singularities has b e e n revealed . T h e correla-
t ions s h o w n in this way may n o w inversely be used to 
der ive from the enthalpy-of-mixing curves of the 
C a O - B 2 0 3 System information o n the structural 
behav iour of calc ium borate mel ts ; results of inves­
t igat ions concerning this point are scarce in the 
l iterature [20] . 

A s has already b e e n m e n t i o n e d , the structural 
changes brought about by process a) m a y b e assumed 
to b e qualitatively simüar in the B a O - B 2 0 3 and 
C a O - B 2 0 3 Sys tems. O n the other h a n d , the ealori­
metr ie data represented in figures 2 to 4 s h o w that the 
nature of process b) is different in the t w o Systems. In 
C a O - B 2 0 3 , this process clearly yields a borate group 
with a ratio of o x y g e n atoms to boron a toms of 5 : 3 as 
m a y b e inferred from the singularities at χ « 0.75 in 
the enthalpy-of-mixing curves of the C a O - B 2 0 3 
Sys tem. Furthermore , b e l o w this compos i t ion , a 
borate group with a ratio of o x y g e n a toms to boron 
a t o m s of around 2 .05 is formed with increasing C a O 
conten t , as is indicated by the singularities at χ « 0 .52 
to 0 .53 o n the corresponding enthalpy-of-mixing 
curves . W h ü e the ealorimetrie data thus provide 
information o n the compos i t ion of borate groups 
prevaüing in calc ium borate mel t s , the data do not 
a l low further conclus ions to be drawn concerning the 
actual structure of these groups. O n e could assume 
that the borate anion indicated by the singularities at 
X ~ 0 .75 is represented by the triborate group 
(figure 5d) and o n e might guess that the anion 
revea led by the singularities at χ « 0 .52 is character­
istic of the metaborate compos i t ion . H o w e v e r , these 
assumpt ions are very speculat ive and obviously 
require further structural invest igat ions by more 
direct spectroscopic m e t h o d s . A l s o , in the 
C a O - B 2 0 3 Sys tem, there is clearly n o ev idence for 
the diborate group (figure 5 e ) . 

In an invest igat ion of borate glasses by R a m a n 
spectroscopy , a c lose structural relat ionship of alka­
h n e earth borate glasses with a B2O3 content of 
30 m o l % has b e e n no ted [20]. In contrast to this, a 
structural dissimüarity of barium and calc ium borate 
mel t s may b e conc luded from the results of the 
present study; in these mel ts , borate groups of 
different structures appear to exist (within the 
compos i t iona l ränge of invest igat ion) . T h u s , it turns 
out that the structural differences which occur in the 
sol id State of the B a O - B 2 0 3 and C a O - B 2 0 3 Systems 
are ref lected by structural dissimilarities in the liquid 
State of these Systems. 
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