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ABSTRACT

3-(2-Aminoethylamino)propyltrimethoxysilane (AAPTS) functionalized silica gel (AAPTS/
SiO2) was synthesized by a sol–gel process and was used for the arsenic removal from
ammoniacal etching waste liquor which was oxidized by H2O2. The AAPTS/SiO2 sorbent
reached absorption saturation at 20min and had a substantial binding capacity in the range
of pH 4.7–10.2. The maximum static adsorption capacity of AAPTS/SiO2 sorbent for arsenic
was 16.1mgg�1. Equilibrium data fitted perfectly with Langmuir isotherm model compared
to Freundlich isotherm model. The removal rate of arsenic by AAPTS/SiO2 sorbent was
95.4% at the optimal conditions from ammoniacal etching waste liquor. Results showed that
AAPTS/SiO2 sorbent could be used for the arsenic removal from ammoniacal etching waste
liquor.
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1. Introduction

Inorganic arsenic commonly occur in two forms
namely As(III), which exists mostly as neutral arseni-
ous acid, and As(V), which exists mainly as negatively
charged oxyanions of arsenic acid [1]. As(III) is 25–60
times as toxic as As(V) [2].

Over the past 10 years in China, the field of printed
circuit board production has grown sharply [3]. Alka-
line ammoniacal ammonium chloride etchant is widely
used to etch copper during the manufacture of printed
circuit board [4]. The etching waste liquor contains
large amounts of copper and small amounts of other
heavy metals (e.g. Pb, Cd, As) [3]. Disposal of etching
waste liquor involves a loss of resources and is usually

environmentally unacceptable. Some saleable copper
products (e.g. elemental copper, copper sulfate) have
been obtained from etching waste liquor [4–7].

The removal of arsenic from ammoniacal etching
waste liquor was essential prior to the preparation of
tribasic copper chloride feed additive due to its high
concentrations in etching waste liquor and its well
known toxicity. Most arsenic removal technologies are
more effective in removing As(V) than As(III), since
As(V) is normally present as an anion in the medium-
pH range while As(III) exists as uncharged molecules
below pH 9.2 in water [1,8,9]. Therefore, many treat-
ment systems include an oxidation step to convert As
(III) to As(V) prior to the process of arsenic removal
[1,10,11]. Hydrogen peroxide is an effective oxidant
for the arsenic removal [8,12,13].*Corresponding author.
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