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BaO–P2O5–B2O3

Properties and Structure of BaO– P2O5–B2O3 Glasses

�

Hiromichi Takebe�

Abstract: Effect of B2O3 addition on the thermal stability and properties of barium borophosphate glasses was

studied in a series of (50–x/2)BaO–(50–x/2)P2O5–xB2O3, x = 0–12 mol%. No crystallization behavior was

observed at � 3 mol% B2O3 for bulk form and at 7.5 mol% B2O3 for powdered form. Glass transition and

iso-viscosity temperatures increase and thermal expansion coefficient and density decrease with increasing B2O3

concentration. The water durability evaluated by immersion test into hot water degrades due to the addition of

B2O3. Raman spectroscopy reveals that the barium borophosphate glasses consist of metaphosphate Q2 units with

ring-type metaborate, diborate, and PO4–BO4 groups. X-ray photoelectron spectroscopy suggests that the

existence of P–O–B bonds at the surface of the grinded powders suppress the surface crystallization during

softening process at high temperatures.
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(50–x/2)BaO–(50–x/2)P2O5–xB2O3, x = 0–12 mol% Ba(PO3)2 99.99%

B2O3 99.9%

10–20 g 500ºC 2

1250ºC 1

1

1ºC min-1

OH [5] IR440

OH [6]

�OH=300 � log(T0/TD)/d

T0 2 �m TD OH 3.6 �m 2800 cm-1 d

[mm]

Tg Tx DTA TG-8120

1–2 mm 100–150 �m 20 mg DTA

10ºC min-1 800ºC 3

10 � 10 � 2 mm DTA

10 ºC min-1

X RINT2000

16–20 mm TMA TMA8310

30º–450ºC

0.01 g cm-3

�[7] TMA [8] 107–1011 Pa·s

5 mm 3–4 mm

�

�= Wt/A

W [g] t Ni 0.5 mm 100 �m

[s] A NBS711

MCC-1 [9]

10 � 10 � 1 mm 70 ºC
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�W [kg] S [mm2] 3

VK-8550 FE-SEM S-4500 HITACHI

NSR-2100 JASCO

O1s

X (XPS) AXIS165 Kratos [10]

AlK� h�=1486.49 eV XPS

XPS DTA

nm Au XPS

O1s Au 4F7/2 84

eV

~2600 cm-1 OH

�OH 2.9–4.2 cm-1 COH=30 � 10-4 [6] OH

84–127 � 10-4 mass% OH B2O3

Fig. 1 (a) (b) BP BPB DTA Fig. 1(a)

B2O3 Tg Tx 3 mol%

Fig. 1. DTA curves of (a) chunk and (b) powdered BP and BPB glasses with various B2O3

concentrations.
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Fig. 2. Appearance of (a) BP and

(b) BPB glasses heat-treated at 690ºC

for 10 min.

Fig. 3. Laser micrographs of (a) 47.5BaO–47.5P2O5–5B2O3 glass treated at

730ºC for 10 min and (b) 46.25BaO–46.25P2O5–7.5B2O3 glass treated at 750ºC

for 10 min.

Fig. 4. Variations of (a) thermal expansion coefficient and (b)density with B2O3
concentration in BPB glasses.
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Fig. 5. Log viscosity versus reciprocal temperature for BP and BPB glasses with

various B2O3 concentrations. (a) 0–5 mol% B2O3 and (b) 6–12 mol% B2O3. The plots

show average values with error bars. The plots without error bars mean that the error

ranges are smaller than the sizes of the plot symbols. The lines are linear least square

fits to experimental data.

B2O3 (mol%) 0 3 7.4 10

Average
dissolution rate
(kg·mm-2·day-1)

pH (after)

4.6
x 10�10

1.9
x 10�9

5.3
x 10�9

1.6
x 10�8

6.3 � 6.4 6.0 � 6.9 5.3 � 5.8 4.6 � 5.2

Measured 3 – 5 times for each composition.

Fig. 6. SEM micragraphs of surfaces of BP and BPB glasses immersed into

distilled water at 70ºC for 72 h. (a) 0 mol% B2O3 and (b) 10 mol% B2O3.

B2O3

6 mol% B2O3

Fig. 5(a)

(b)

BP BPB

B2O3

Table 1 BP

BPB

1

Table 1 B2O3

B2O3

BPB

Fig. 6 BP

BPB SEM B2O3

BP 0.5

�m

Fig. 6(a) B2O3

BPB

100 nm

Fig. 6(b)

B2O3

B2O3

1.15 1.20 1.25 1.30 1.35
7.0

8.0

9.0

10.0

11.0

12.0
575 550 525 500 475

0
3
5

Temperature �C

lo
g
�
�/
Pa

�s

1000/T K-1

x (mol%) (a)

1.10 1.15 1.20 1.25 1.30
7.0

8.0

9.0

10.0

11.0

12.0
625 600 575 550 525 500

6
7
8
10
12

Temperature �C

lo
g

�
/P
a�
s

1000/T K-1

x (mol%) (b)

(a) (b)

Table 1 Average dissolution rate of BP and BPB glasses. The

samples were immersed into distilled water at 70ºC for 72 h.

The pH after immersion test is also shown in this table.
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Fig. 7. Raman spectra of BP and BPB

glasses.
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Fig. 10. Variation of P-O-B bonds fraction with B2O3

concentration at the surface of powdered BPB glasses.

The fraction was determined by the deconvolution of

XPS O1s spectra.
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Fig. 8. O1s XPS spectra of BPB glasses.
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Fig. 9. O1s spectra of two types of BPB

glasses for spectral deconvolution.
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Fig. 11. A schematic structural model of BPB glasses consisting of PO4 Q2 units with ring-type

metaborate, diborate, and PO4–BO4 groups.
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Table 1 B2O3

Fig. 11 B2O3

BPB

(50–x/2)BaO–(50–x/2)P2O5–xB2O3, x = 0–12 mol% BaO–P2O5–B2O3 (BPB)

B2O3

BPB Q2

PO4–BO4 3 mol% B2O3

BPB XPS

6 mol% B2O3 BPB P–O–B

B2O3 BPB
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