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Effect of P,Os on Properties and Structure of Phase-Separated Opaque Glaze in
(K,Na)zo-caO-A1203-B203-Si02 System

YANG Ruigiang, WANG Yongqing, ZHOU Jian’er, CHANG Qibing, DONG Weixia, BAO Qifu, LIU Kun, TONG Peng
(School of Materials Science and Engineering, Jingdezhen Ceramic Institute, Jingdezhen 333001, Jiangxi, China)

Abstract: P,0Os was added into (K,Na),0-Ca0O-Al,0;-B,0;-Si0O, phase-separated opaque glaze. Effect of P,Os on the glaze properties
and structure was investigated by thermal expansion instrument, colorimeter, Vickers hardness tester, scanning electron microscopy,
transmission electron microscopy and Fourier transform infrared spectroscopy, respectively. The results show that the glaze whiteness
and the Vickers hardness improve as P,Os content increases. The whiteness of the glaze increases from 46.58% to 71.79% and the
Vickers hardness increases from 737.94 HV to 1153.03 HV. [PO,] obtains the bridge oxygen of [BO,] from the matrix glass phase,
promoting the phase separation of the glaze melt by changing [BO4] to [BO;] when the mole fraction of P,Os is below 0.58%. Also,
P,05 mostly appears in the boron-rich phase separation droplets. The interface between the droplets phase and the matrix phase
provides conditions for hexagonal prism shape of Ca3(PO,), crystal separated from the glaze, the refractive index difference between
heterogeneous particles and matrix phase increases, and Caz(PO,), crystal size is in the visible wavelength range when the mole
fraction of P,Osis 1.15%—1.72%, which enhances the Mie scattering and improves the glaze whiteness. In addition, the Vickers
hardness of the glaze improves because the density of the glass structure increases with increasing [PO,] content.
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Table 1 Chemical composition of raw materials

Raw Material

Mass fraction/%

Si0, ALO; Fe, 05 P,0s CaO K,0 Na,O B,0; 1L
Suzhou clay 45.84 37.50 0.500 0.16 16.00
Boric acid 56.30 43.70
Borax 16.23 36.65 47.12
Quartz 99.62 0.038
Calcite 0.12 0.49 55.16 44.23
Potash Feldspar 67.44 18.43 0.070 10.95 3.11
Albite 70.54 18.73 0.130 0.71 9.90
Tricalcium phosphate 45.81 54.19

IL—Ignition loss.
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Table 2 Chemical composition of formulas

Mole fraction/%

Number

Na,O K,0 CaO AL Os Si0, B,03 P,0s
P-0 6.09 1.21 7.30 6.57 72.99 5.84 0.00
P-1 6.05 1.20 7.26 6.53 72.57 5.81 0.58
P-2 6.02 1.20 7.22 6.49 72.15 5.77 1.15
P-3 5.98 1.19 717 6.46 71.74 5.74 1.72
P-4 5.95 1.18 7.13 6.42 71.33 571 2.28
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Table 3 Whiteness, glossiness, Vickers-hardness and
performance of glazes samples

Whiteness/  Glossiness/ Vickers-  Performance of

x(P,0s5)/%
% % hardness  glazes

0.00 46.58 72.66 737.94 Flat, transparent
with pinhole

0.58 50.20 75.43 817.66 Opacifying translucent
with pinhole

1.15 61.86 78.73 911.04 Slightly opalescent,
smooth and bright

1.72 71.79 81.20 1153.03 Opalescent, smooth
and bright

2.28 70.12 79.43 1319.62 Opalescent, smooth

and bright

x is mole fraction.
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Table 4 Characteristic temperatures of glazes samples

x(P0s)%  x(P0s)%  TyC TJC T/C TJ/°C
0.00 0.00 880 962 1203 1280
1.72 1.72 990 1105 1300 1425

Tqis deformation temperature; 7sis softening temperature; 7jis hemispheric

temperature; 7y is flow temperature.
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Table 5 Infrared absorption spectra characteristic vibration
of P205-BzO3-Si02 glass

Wavenumber/cm Vibration attribution
460 Si—O—Si bending vibration
580 P—O—P bending vibration
600 P—O—P bending vibration
680 [BO;] in B—O—B bending vibration
780 P—O bending vibration
1060 Si—O ,P—O ,B—O telescopic vibration in [BO4]
1200 P=O0 telescopic vibration
1400 B—O—B telescopic vibration in [BO;]

TR B TP [BOL S5 BT & A PR, bl
¥ P,Os S EZEWHLE, P=0 H4ZF[BOL T4
ERALE, FHEEFE T (PO AR A& B K, &

P=0 #H[PO,) & =T, [BO4]- [SiO4]. [BOs]LA
NMAT P=0 BEII[POL & EIATFEIC. k83
P,Os VNN, [POLIAEM A& AR S FRAIC, M4
E o E I AR . B 3 N FAEAE 200~600 C il
A FAURZ K 28 550 (o) Bt IR, B T PO 8 IR TR AR Ak i 34
HH & 3 7T UL, PoOs F NN AT BRARCRBAT: I A K S 4k,
SR 5 1 5 A 5 R B v o SRS B A b v
R 28 A0 B 0 1 I N SR 10 1 B8 AN P39 n 1) [+
B, SRl A R B i, A R A A

¢ 9 779 T 7 ¢ ap

/
0—-P-0-P-0+0-B-O-B-0 —> O-B-0-P-0-P-0+ \]3

|
R R !

o 0 0 o
________________________? _____ (|_)____
i
o 0O o0 o 0-Si-0-P-0-S-0

I [ |
0-P-04 0-S-0-8i-0-8i-0 —»> O (|) 0

| |1 .
0 0O 0 O O_S|10

2 a2 K 7

Fig. 2 Schematic diagram of glass network structure
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Fig. 4 XRD patterns of frits samples and glazes samples
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