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Abstract

Bi-based glass powders with particle size of 34 nm were prepared by high-temperature flame spray pyrolysis. The glass transition temperature

(Tg) of the powders was 442 8C. Dielectric layers fired at temperatures of 480 and 500 8C contained voids, while those fired at temperatures above

540 8C had clean surfaces and no voids. The dielectric layers sintered at temperatures of 560 and 580 8C had transmittances of 70% in the visible

range. Further, it was observed that the dielectric layers formed from the nanosized glass powders obtained from spray solutions containing excess

boron had higher transmittances (80% in the visible range at a sintering temperature of 580 8C) than the layers formed from spray solutions

containing stoichiometric amounts of boron.
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1. Introduction

Various types of glass powders such as Pb-based glass

powders are used for the fabrication of transparent dielectric

layers in plasma display panels (PDPs). Studies on the

development of Pb-free glass powders are being conducted

by various research groups, and Bi-based glass powders are

attracting considerable attention as raw materials for the

fabrication of transparent dielectric layers in PDPs because of

their low firing temperature and high transparency [1–3].

Fine glass powders for the fabrication of transparent

dielectric layers have been obtained by spray pyrolysis and

flame spray pyrolysis [4–9]. Pb-based and Bi-based glass

powders prepared by spray pyrolysis have submicron-sized

particles and spherical shapes, and the dielectric layers formed

from these powders show good optical properties. Nanosized

Pb-based glass powders have been prepared by high-

temperature flame spray pyrolysis [8,9]. Nanosized glass

powders have been formed by chemical vapor deposition
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(CVD). The conventional CVD process is advantageous when

used for the preparation of nanosized powders having simple

compositions; however, it is ineffective for the preparation of

multicomponent oxide powders, because it is difficult to control

the composition of the powders [10].

In this study, nanosized Bi-based glass powders were

prepared by flame spray pyrolysis, and the optical properties of

the dielectric layers formed from these glass powders were

investigated. The effects of excess boron in the spray solution

on the properties of the glass powders were investigated.

2. Experimental

Glass powders containing 42 wt% Bi2O3, 23 wt% B2O3,

19 wt% ZnO, 13 wt% BaO, and 3 wt% SiO2 were prepared by

high-temperature flame spray pyrolysis. The apparatus used for

flame spray pyrolysis was similar to the apparatus described in

previous literature [9]. A 1.7-MHz ultrasonic spray generator

comprising six resonators is used to generate droplets; these

droplets are carried to the high-temperature diffusion flame by

oxygen, which is the carrier gas. The droplets evaporate,

decompose, and melt under the influence of the diffusion flame,

which is established using propane as the fuel and oxygen as the
d.
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Fig. 2. TEM image and diffraction pattern of the glass powders prepared by

flame spray pyrolysis.
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oxidizer. The flow rates of the fuel, oxidizer, and carrier gas

were 5, 40, and 10 L/min, respectively. The spray solutions

were obtained by adding Bi2O3, H3BO3, BaCO3, ZnO,

tetraethyl orthosilicate (TEOS), and nitric acid to a mixture

of distilled water and ethyl alcohol (volume ratio: 9:1). Ethyl

alcohol was added to the spray solution to increase the

temperature of the diffusion flame. The overall solution

concentration was 0.5 M.

Bi-based glass powders prepared by flame spray pyrolysis

were mixed with an organic vehicle that consisted of ethyl

cellulose, a-terpineol, and butyl carbitol acetate (BCA). The

glass paste was screen-printed onto a soda-lime glass substrate.

The screen-printed glass substrate was fired in two steps, first at

a temperature of 400 8C for 10 min at a heating rate of 7 8C/min

and then at temperatures ranging from 480 to 580 8C for 6 min

at a heating rate of 7 8C/min.

The crystal structures of the prepared powders were

investigated by X-ray diffraction (XRD, Rigaku, D/MAX-

RB) with Cu Ka radiation l = 1.5418 Å). The thermal

properties of the prepared powders were studied using a

thermo-analyzer (TG-DSC, Netzsch, STA409C) in the tem-

perature range of 40–550 8C. The morphological character-

istics of the prepared powders and the fired dielectric layers

were investigated by using a scanning electron microscope

(SEM, JEOL, JSM-6060) and a high-resolution transmission

electron microscope (TEM, FEI, Technai, 300 K). The

transmittances of the dielectric layers were investigated by

using a spectrophotometer in the visible light range (UV–vis

spectrophotometer, Shimadzu, UV-2450).

3. Results and discussion

The morphology of the nanosized glass powders prepared by

flame spray pyrolysis is shown in Fig. 1. The constituents of the

glass powders evaporated completely under the influence of the

high-temperature diffusion flame. Nanosized powders were

formed from the evaporated vapors through a nucleation and

growth mechanism. Fig. 2 shows a TEM image and diffraction

pattern of the glass powders prepared by flame spray pyrolysis.

The diffraction patterns indicate that the glass powders with an
[()TD$FIG]

Fig. 1. SEM image of the glass powders prepared by flame spray pyrolysis.
average particle size of 34 nm had slightly aggregated and

amorphous morphologies. The XRD pattern of the nanosized

powders prepared by flame spray pyrolysis (Fig. 3) shows a

broad peak at around 288, which is typical of a glassy material.

Fig. 4 shows the TG/DSC curves of the Bi-based glass

powders. In the TG curve, the weight loss of the powders was

3.53 wt.% at temperatures below 550 8C. The Bi-based glass

powders prepared in the present study had a Tg value (442 8C)

lower than that of the Bi-based glass powders prepared by the

conventional melting process [1,2]. It was inferred that the

decrease in the particle size of the powders to the nanometer

range resulted in the decrease in the Tg of the glass material.
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Fig. 3. XRD pattern of the glass powders prepared by flame spray pyrolysis.
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Fig. 4. TG/DSC curves of the glass powders prepared by flame spray pyrolysis.
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Fig. 6. Transmittances of dielectric layers fired at various temperatures.
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Fig. 5 shows SEM images of the dielectric layers. Melting of

the glass powders occurred at 480 8C. However, voids were

observed in the dielectric layers fired at 480 and 500 8C. The

dielectric layers had a small thickness of 1.2 mm because of the

low glass content in the glass paste. The transmittances of the

dielectric layers, shown in Fig. 6, increased with the firing

[()TD$FIG]

Fig. 5. Dielectric layers formed from the glass powders prepared by flame spray p

580 8C.
temperature. The dielectric layers that were fired at 560 and

580 8C had transmittances of 70% in the visible range.

However, the dielectric layers formed from the nanosized glass

powders had lower transmittances and thicknesses than those

formed from the submicron-sized glass powders prepared by

spray pyrolysis [4,7]. The composition of the latter glass
yrolysis at various firing temperatures: (a) 480 8C; (b) 500 8C; (c) 540 8C; (d)
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Fig. 7. Transmittances of dielectric layers obtained from the spray solutions

with boron excess at a firing temperature of 580 8C.
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powders was similar to that of the spray solution. On the other

hand, the composition of the nanosized powders prepared by

flame spray pyrolysis was slightly different from that of the

spray solution. It was thus inferred that the change in the

composition of the nanosized glass powders resulted in a

decrease in the transmittances of the dielectric layers.

Boron is highly volatile at high temperatures. Therefore, the

effects of excess boron in the spray solution on the

transmittances of the dielectric layers were investigated.

Fig. 7 shows the dielectric layers formed from the nanosized

glass powders obtained from the spray solutions containing

excess boron to have high transmittances.

4. Conclusions

Nanometer-size, spherical and narrow size distribution Bi-

based glass powders were prepared by high temperature flame

spray pyrolysis. The change in their composition resulted in a

decrease in the transmittances of the dielectric layers. However,

dielectric layers formed from nanosized glass powders obtained
from the spray solutions containing excess boron had higher

transmittances than those formed from the spray solution

containing a stoichiometric amount of boron.
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