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a b s t r a c t

Acid dissolution of silicate glasses with different lead contents was rigorously investigated. Aqueous solu-
tions containing 0.5, 1, and 2 N HNO3, HCl and H2SO4 were used to measure the durability of the glass
probes. Scanning Electron Microscopy (SEM), Energy Dispersive Spectroscopy (EDS), Inductively Coupled
Plasma (ICP), X-ray Diffraction (XRD) and weight loss analyses were used to evaluate the morphological/
compositional changes of the probes, the ash deposit, and the aqueous solutions produced due to the dis-
solution of the glass specimens. Empirical results showed that any increase in the lead content of the
probes deteriorated the durability of the glasses by accelerating the hydrolysis of the silica network.
ZrO2 and TiO2 additions had inverse effect and improved the chemical durability and the practical life-
time of the lead glasses.

� 2008 Elsevier B.V. All rights reserved.

1. Introduction

Lead silicate glass (LSG) is significantly used in many different
areas from radiation protection, video-screen manufacturing and
electrode glass production to ophthalmic biotechnology [1–8]. Be-
cause of its toxic nature, the study of dissolution of LSG in both
environmental and industrial solutions is of considerable impor-
tance. Chemical durability of LSG when soaked in water, acetic
acid, sulfuric acid and nitric acid has been investigated by previous
authors [6–9,10,11].

Silicon content has a substantial effect on the durability of the
LSG [9,12]. Pure silica has, for example, silica tetrahedrons directly

connected to each other with oxygen atoms located at corners.
Addition of a modifier like PbO causes partial breakage of the direct
interconnections [2,13–15]. In such a case, indirect connection of
the silica tetrahedrons via Pb ions deteriorates the chemical dura-
bility of the LSG glass [6–9].

When a glass probe contacts an acidic aqueous solution, the H+

ions of the medium replaces the modifier cations in the glass
network:

BSi—O—M—O—SiBþ 2Hþ $ 2ðBSi—O—HÞ þM2þ: ð1Þ

Leaching removes the modifier and produces a modifier-depleted
silica-rich layer near the LSG surface [5,8,9,16,17]. Water molecules
then penetrate easily and react with the network. The amount of
the modifying cations in the silica network thus significantly affect
on the chemical durability of the silicate glass. Simultaneous pres-
ence of two or more cations like Na+, K+, Mg2+, Ca2+, Al3+, Ti4+, and
Zr4+ in the glass enhances for example the chemical durability of
the LSG [18,19].

The present study focuses on the effect of lead, titanium and zir-
conium oxide on the chemical durability of LSG samples utilized in
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