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Abstract 
Recently, PDP barrier ribs require the formation of 
complex structure so that they are usually formed by 
etching method. For producing the fine ribs structure, 
during the etching process the metal ions of matrix 
(glass) of barrier materials should be understood on 
the etching mechanism with etching condition. We 
analyzed the quantity of Pb, Si, and B ions from the 
etch solution as a function of etching time. 
 

1. Introduction 
In display industry, the lead-silicate glass has been 
used because of the beneficial properties such as high 
reflection and low melting point [1]. Currently , PDP 
barrier ribs are normally manufactured with lead-
borosilicate glass by etching method in order to form 
the complex structure for improving luminous 
efficiency. However, when etching method is used for 
forming PDP barrier ribs, the metal ions of the glass 
should be considered with the etching condition [2]. 
Lead oxide, especially, plays a role of the modifier in 
lead-borosilicate glass. In etching process, the 
behavior of Pb ions in lead-borosilicate glass depends 
upon etching condition [3,4]. Hence, quantitative 
analysis of Pb ions is required for controlling etching 
condition. Although the barrier ribs are usually 
formed by etching method, there are no any 
quantitative research results in publications. 
In this research, quantitative analysis to measure 
metal ions in a nit ric  acid was used by ICP 
(Inductively Coupled Plasma) and XPS (X-ray 
Photoelectron Spectroscopy). 

2. Experimental Procedure 
In order to prepare the glass batches, an appropriate 
amount of PbO, B2O3 and SiO2 of based system with 
the oxides TiO2, Al2O3 and ZrO2 in an alumina 
crucible at 1000~1300℃ for 1~3 h.  The melts were 

poured into a carbon mould and annealed at 450 ℃ 
for 1h. The specimen were cut, the dimension of the 
samples was approximately 5×5×4 mm3 and polished 
to a finish of 1㎛ using a diamond paste.  
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Fig. 1 Equipment for leaching test 
 
The glasses were etched in a different solution (3-10% 
HNO3) in tightly closed Teflon containers kept at a 
constant temperature of 40 ℃ (Fig. 1).  After etching, 
the solution analysis for Si, Pb, and B were performed 
using an inductive coupled plasma measurement 
(ICP-MS, Perkin Elmer DRCⅡ, USA). 
Morphological changes of the glass surface were 
studied by felid emission scanning electron 
microscope (FE-SEM, JEOL JSM-6700F, USA). The 
Raman (Micro-Raman Spectroscope, LabRam HR, 
France) experiments were recorded by a Jobin-Yvon 
LabRam HR with LN2 cooled CCD multi-channel 
detector and performed at room temperature in 
conventional backscattering geometry. The spectra 
were excited with the 514.5nm line of an Ar-ion laser. 
After etching, the X-ray photoelectron spectroscopy 
(XPS, ESCALAB 220i-XL, UK) analyses of the glass 
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samples were performed. XPS spectra of O1s, Pb4f7/2, 
Pb4f5/2 and Si2s core levels were recorded. 
 

3. Results and discussion 
Up to 5% HNO3 nitric  acid solution, the weight loss 
of samples was 0.5 % for etching time, 60min. At 
etching time of less than 30 minute, the relationship 
between the weight loss and etching time was linear. 
In the analysis of the etched glass, the Pb and B ions 
were dissolved into etching solution approximately  
5.5% and 3%, respectively (Fig. 2).  
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Fig. 2 Etching variation of metal ions (Si, B and Pb) 
for the etching time in HNO3 (5%). 
 
Based on the results, the glass of PbO-B2O3-SiO2 
system shows that the surface of the glass was 
corroded with dilute (5%) nitric acid solution. As 
shown in Fig. 3, the change of the amount of metal 
ions (Pb, Si) is significantly different with the surface 
of between before and after etching [5]. 
We observed that the surface of the glass sample was 
cracked and the peeling layers increased with 
increasing the etching time. After etching, the content 
change of two metal ions is resulted from that Pb ions 
dissolved easily into HNO3 solution rather than Si 
ions, which is suggested in Fig. 3.  Higher amounts of 
Pb ions are released compared to others. After 1h, 
there is a cracked layer which EDS analyses reveal to 
be enriched in silicon and oxygen (Fig. 3). 
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Fig. 3 SEM photos and EDS results of leached glass 
surface showing (a) glass and (b) cracks after 60min. 

 
The Raman spectra of before and after etching glass 
in the frequency region between 100 and 1300 cm-1 
are shown in Fig. 4. The two spectral regions which 
are characteristic of the SiO 2 glass structure and 
hence, of interest for these studies, are situated in the 
ranges 350-600 and 900-1100cm-1. The broad feature 
around 350cm-1 can be related to Si-O-Pb vibrations 
in the case that PbO plays the role of a glass former. 
A SiO2 polyhedron structure appears in 450 and 480 
cm-1 bands to represents the inter-polyhedral 
stretching mode with Si-O-Si structure [4]. 



P-103 / J. M. Kim 

1254 •  IMID ’05  DIGEST 

 

200 400 600 800 1000 1200

NBO-2

NBO-1
Si-O(SiO

2
)

(d)

(c)

(b)

In
te

n
si

ty
 (

ar
b

. u
n

it
s)

Raman Shift ( cm - 1 )

(a)

NBO-3

Si-O-Pb

Si-O-Si

 
Fig. 4  Micro-Raman spectra of surface of glass 
before and after etching in nitric acid solution.(a) 
untreated, for (b) 10min, (c) 30min, and (d) 60min 
etching time 
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. 5 Decomposition of the O1s signal of untreated glass 
(a) and etched glass (b). 
 
The relative comparison of bridging oxygen (BO) and 
non-bridging oxygen (NBO) of glass surfaces before 
and after etching in acid solution is shown in Fig. 5.  
A curve-fitting computer algorithm was used to alter 
each curve parameter  until a best-fit solution was 
obtained for each O1s spectrum.  A deconvoluted O1s 
spectrum of untreated glass (a) and etched glass (b) 

given in Fig. 5. The highest binding energy peak 
(531.9 eV) is referred to as symmetric bridging 
oxygen (BO), the lowest binding energy peak (530.5 
eV) is referred to as non-bridging oxygen (NBO). Due 
to the leaching of the Pb, the BO signal decreases to 
the limit of detection that the NBO remained in the 
surface. It was found that the significant changes of 
BO and NBO peaks in O1s spectra are related to the 
structure of surface glasses [6]. From the etching 
result, the Pb ion exists with the BO and the NBO in 
the glass structure, dissolving Pb ions from the glass 
by the nitric  acid would be affect to the BO and the 
NBO.  
 

4. Conclusion 
In the acid solution of HNO3, PbO-B2O3-SiO2 glasses 
were etched and the etching rate was high above 5% of 
the acid solution. Unetched glass having Si-O-Pb, Si-O-
NBO(1, 2 ,3) and Si-O-Si structure change to a simple 
structure. Thus, the reduction of NBO after etching, SiOx 
and SiO2 binding of glass converts to increased SiOx, 
strong structure and the release of Pb. 
Our experimental data provide some information to 
understand a mechanism how to form barrier ribs with 
an etching method. Moreover, it is possible to evaluate 
the behavior of the Pb ions in nitric acid solution. 
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