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Abstract Zinc crystals of ZnO and SiO, in glaze raw materials, developed according to composition and firing requirements,
are preferred because of their high decorative properties. However, most zinc crystal glazes have a high firing temperature
and a narrow firing temperature range, making it difficult to use them as commercial glazes in ceramics. Therefore, in this
study, it was expected that the firing temperature of a typical zinc crystal glaze could be lowered to below 1270°C by
using the eutectic effect through mixing frit, the main raw material used in manufacturing zinc crystal glaze. As a result,
not only was the formation temperature of zinc crystals lower in the mixed frit glaze, but also the firing temperature range
was widened to 1230~1270°C, making it possible to develop a glaze that produces crystals stably. The firing temperature
was lowered to 1230~1250°C and the holding temperature during cooling was lowered to about 950°C, resulting in the
development of an economically effective glaze. When using a combination of frit, it has been shown that the holding
temperature during cooling affects the recrystallization of zinc crystals depending on the composition of the glaze, and the
crystal structure can be adjusted at this time. Additionally, the amount and shape of crystals can be controlled by using a
nucleating agent.
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Fig. 1. Three component system of glaze.
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Table 1
Seger formula by glaze composition
Glaz-7 Seger Formula Glaz-8 Seger Formula
020  KNaO 024  KNaO
3107 009 a0 003 g%)?' 10580, | 3108 011 CaO 003 g%)} 1.57 Si0,
071 ZnO : 205 065  ZnO : 205
021 KNaO 025  KNaO
8010-7 007  CaO 8% ‘31603 098Si0, | 80108 009  CaO 8?2 /131603 1.48 SiO,
072 ZnO : 205 066  ZnO : 205
009  KNaO 0.10  KNaO
31247 019 CaO 8?2 ‘3%’3 099Si0, | 31248 023  CaO 8?2 g%* 1.51 Si0,
073 ZnO : 205 067  ZnO : 205
0.05  KNaO 025  KNaO
80247 002  CaO 8(1’3 Q%DE 094Si0, | 80248 009  CaO 822 ]’;‘1;;)3 1.43 Si0,
073 ZnO : 205 066  ZnO : 205
0.1 KNaO 0.3 KNaO
31347 023 CaO0 09 glé)ﬂ 073Si0, | 31348 028 GO 0% S%Dz 1.13 Si0,
066  ZnO : 205 059  ZnO : 205
0.16  KNaO 025  KNaO
80347 015 ca0 09 AEOv ogisio, | sos4s 000 cao 09 ARO 3o,
069  ZnO : 205 066  ZnO : 205
007  KNaO 009  KNaO
3957 006 a0 092 AEOv ogosio, | 31958 020 cao  J1D 0 AROu35i0,
077 ZnO : 205 071 ZnO : 205
0.5 KNaO 025  KNaO
80957 000 Ca0 093 AMOv gosio, | so9ss 000 cao 09 AROw 340,
075  ZnO : 205 066  ZnO : 205
021 KNaO 027 KNaO
6280-7 0.0  CaO 8(2’; gl§3 088Si0, | 62808 006  CaO 8% 31333 139 Si0,
070  ZnO : 205 067  ZnO : 205
Table 2 2 2 _1_51_/%] 'E‘&l]
Zn,TiO, additives as nucleating agent on willemite frit glaze
8024-8, 8034-8, 8095-8 )
oo RO B0 e e Wst @ 273 HUE B
e s L ol Wl dERd Ao e w4 flsd xa
20048 3 5 7 3HEA, XRD(X-ray Diffractometer, D/MAX-2500/
8034-8 3 5 7 PC), Raman Spectroscopy(Raman spectroscopy, in Via,
j : . . L
> 5 5 =
8095-8 3 5 7 Renishaw, UK), Digital Microscope(UMO038, China)&
A xips =
Table 3

Additives of nepheline syenite as N and gerstley borate as G on
glaze 8034-7, 8095-7, 8010-8

(Wt%0)
Glaze samples N-1 N-3 G-1 G-3
8024-7 1 3 1 3
8095-7 1 3 1 3
8010-8 1 3 1 3
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Fig. 3. Appearances of willemite glaze of various frit composition by firing temp.
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Fig. 4. XRD patterns of composition 7 glazes (3124-7, 8024-7,
6280-7) fried at 1250~1130°C.
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Table 4
Glaze composition table for Seger formular raw material ratios
Frit composition Glaze No. Glaze No.
3110 TA 8A
8010 7B 8B
3124 7C 8C
8024 7D 8D
3134 7E 8E
8034 7F 8F
3195 7G 8G
8095 TH 8H
6280 71 81
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Fig. 6. Appearances of willemite glaze compositions 7and 8 of
8010, 8024, 8034, 8095 and 6280 by annealing temp.
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Fig. 7. XRD patterns of glaze composition 8034-8 annealing at
1130°C and 950°C.
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Fig. 11. Appearances of composition 8024-7, 8095-7 and 8010-
8 with nepheline syenite as N, gerstley borate as G by anneal-
ing at 1170°C, 1030°C and 980°C.
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Fig. 12. Digital microscope images of willemite crystal surface by Zn,TiO, as ZT, gerstley borate as G and nepheline syenite as N.
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Fig. 13. Glaze 8024-7 appearances of change in viscosity by kaolin applied to wares inside and outside.
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