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The microstructural aspects of iron sulfide degradation in dam concrete were investigated by scanning electron
microscopy (SEM) and energy dispersive spectroscopy (EDS) in both dam concrete samples and laboratory
concrete. The results show that iron sulfide inclusionswith a diameter of a fewmicrometers in the aggregates are
reactive and appear to generate expansion first in the aggregates and consequently in the cement paste. The
expansion from the iron sulfides is a consequence of the increase in volume of the reaction products formed. The
types of iron sulfide present in the aggregate, mainly pyrrhotite (FeS) and pyrite (FeS2), show similar reaction
behavior in the aggregates. The released sulfate can lead to a secondary ettringite formation in the concrete
matrix, but the degradation associated with this appears to beminor. The reaction of the iron sulfides was found
to be very slow even when laboratory samples were exposed to elevated temperatures.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Iron sulfides are common minor constituents in many rock types.
They have been implicated in causing damage in concrete due to
expansion [1]. It is usually assumed that oxidation of the iron sulfide
leads to the release of sulfate ions causing internal sulfate attack in the
concrete with expansive ettringite formation [2–5]. However, the
microstructural aspects of this process havenot beenexamined indetail.

The oxidation of iron sulfides like ironmonosulfide (FeS), pyrrhotite,
and irondisulfide (FeS2), pyrite, in concrete structures is a complex
process that involves a sequence of different chemical reactions [6]. In
the presence of oxygen and moisture, iron sulfides are unstable and
oxidize to form iron oxides as shown by reactions 1 and 2:

2FeSþ 2H2O þ 4:5O2➔Fe2O3 þ 2H2SO4 ð1Þ

2FeS2 þ 4H2O þ 7:5O2➔Fe2O3 þ 4H2SO4 ð2Þ

These reactions release sulfuric acid, which may go on to react
with the cement paste and the iron oxides formed may also form
hydroxides in the moist environment of the concrete.

Some research has been done on the factors affecting solubility as
well as the nature of the intermediate and final reaction products of
iron sulfides [7–10]. It was found that increasing concentration of

molecular oxygen, higher alkalinity (pH), and smaller particle sizes
accelerate the degradation of iron sulfides. The reaction kinetics of
iron sulfides were found to depend on different parameters of the
concrete such as porosity, inhomogeneity, and moisture condi-
tions [7,11]. The solubility of the iron sulfide minerals was found to
be about four times higher for FeS than FeS2 [12,13].

The present study focuses on the microstructural aspects of
concrete degradation due to iron sulfides inclusions in aggregates.
This was studied in concrete cored from a dam and in concrete
prepared from similar aggregates and stored in water bath at 60 °C for
5 years. The study indicates that the oxidation process of the iron
sulfide causes cracking directly within the aggregates. The formation
of secondary ettringite in the cement paste component was observed,
but this did not seem to be a major cause of degradation.

2. Materials and methods

2.1. Field and laboratory samples

The study was carried out on two different concretes, concrete
from a dam and concrete prepared from similar aggregates in the
laboratory. The dam has a length of 290 m and an overall height of
36 m. Since the construction of the dam in the beginning of the 1970s,
it has been monitored continuously for more than 40 years. It was
observed that since the early 1980s, the concrete is steadily
expanding. The upstream displacement of the dam in 1998 is
20 mm at the top and about 5 mm in the middle gallery (Fig. 1).
Today the respective values are 45 and 10 mm. The overall expansion
in the upper part of the dam is estimated to be 0.025%. However, it
should be noted that the measured expansion only accounts for two
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