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Identification of Corrosion Products on Fe and Cu Metals
using Spectroscopic Methods
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In this study, the Fourier-transform infrared absorption and the Raman spectroscopies for analysis of corrosion
products formed on the Fe and Cu metal surfaces after deposition in the chloride containing solution, were used.
The obtained spectral patterns show that main constituent species of the corrosion products for Fe metal sample
is lepidocrocite, while in the case of Cu surface there is formed mainly paratacamite. The obtained results confirm
that application of vibrational spectroscopic methods is precise tool for identification and analysis of the corrosion
products.
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1. Introduction

One of the most popular definition of corrosion is de-
stroying a variety of materials (i.e. metals, alloys, con-
crete, glasses) that result from reaction with the corro-
sive environment [1]. The corrosion process depends on
various factors, such as environment, pH, temperature,
presence of the oxygen or aggressive ions in aqueous so-
lution [1–3].

The very serious effects of the corrosion process gen-
erate problems of global significance. Many industries,
such as energy, automotive, food, chemical, household
appliances, brewery, suffer huge economic losses because
of the corrosion damages [1, 4]. In order to prevent and
control corrosion processes it is necessary to recognize
and understand their mechanism. It can be achieved i.e.
by detailed characterization of corrosion products.

Chloride ions present in many environments are very
aggressive agent which can cause extensive corrosion of
many materials [2, 5–7]. Chloride containing corrosion
products are then very often detected on iron and copper
objects [5–8].

Metals are constantly exposed to the natural environ-
ment and aggressive media (i.e. acids, bases and salts),
thus many researchers have been involved in studies of
the corrosion process in such media [5–8]. In the litera-
ture, the identification of the corrosion products is pro-
vided mainly by methods such as X-ray powder diffrac-
tion (XRD), X-ray photoelectron spectroscopy (XPS),
scanning electron microscopy combined with an electron
microprobe (SEM-EDS), less frequently infrared spec-
troscopy (IR) and the Raman spectroscopy (RS) [9–12].
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The vibrational spectroscopic methods play an essen-
tial role in the examination of various structural con-
stituents and can give complete, non-destructive identi-
fication of different compounds formed during corrosion
processes [8, 12–14].

The present work focuses on the identification of the
corrosion products formed on the Fe and Cu metals af-
ter exposition in the chloride containing solution by the
Fourier transform infrared spectroscopy (FT-IR) and the
Raman spectroscopy (RS).

2. Material and equipment

Metal samples such as Fe (purity 99.99%) and Cu (pu-
rity 99.99%) were investigated prior and after immer-
sion in 1 M NaCl (Sigma Aldrich) solution prepared in
deionized water (18 MΩcm). The Fe and Cu samples
were immersed simultaneously into the test solution and
then measured after 0 h and 48 h of exposure. Be-
fore the measurements the metal samples (with size of
10 mm � 15 mm � 10 mm) were mechanically cleaned
and rinsed in a ultrasonic bath with acetone and ethanol
for 15 min each consequently. Then samples were washed
with deionized water and dried.

FT-IR measurements were performed employing Vac-
uum FT-IR VERTEX 70V spectrometer with HYPER-
ION 3000 IR microscope in combination with 15 mag-
nification objective and MCT detector. In addition,
Harrick Auto-Seagull accessory working with computer-
controlled angle in the range of 45� and DTGS detector
was used.

The Raman spectra were collected using the InVia
Renishaw spectrometer equipped with: confocal Leica
microscope and EMCCD detector (Back Illuminated,
Deep Depletion CCD). The excitation wavelength was
provided by a 632.8 nm laser with the power set at
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0.75 mW. All spectra were acquired with a spectral reso-
lution of 1 cm�1 in the spectral range of 1700–100 cm�1.

3. Results and discussion

The mapping area and FT-IR spectra collected for the
Fe corroded sample after deposition in the NaCl solution
are shown in Fig. 1. In Fig. 2A, the averaged FT-IR
spectrum of the above mentioned corroded metal is pre-
sented. The most intense band at 1021 cm�1 (in plane
mode, δ-OH) in the FT-IR spectra of the corroded Fe
sample (Figs. 1A and 2A) is due to the lepidocrocite
(γ-FeOOH) [8, 13]. The another bands at 1153 cm�1

and 740 cm�1 can be also attributed to OH deforma-
tions and bending in γ-FeOOH [8, 13]. The presence of
the sharp bands around 1021 cm�1 and 740 cm�1 can
suggest that the well crystallized phase of lepidocrocite
is clearly present [14].

Fig. 1. The FT-IR spectra (A) and the mapping area
(B) of Fe corroded sample at the selected points. Mea-
surement conditions: spectral range 1800–600 cm�1,
mapping area (195 µm� 235 µm), detector MCT.

Fig. 2. The FT-IR spectra of Fe (A) and Cu (B)
corroded samples. Measurement conditions: spectral
ranges 3600–3000 and 1800–400 cm�1, reflection mode,
the incident angle adjusted to 45�, detector DTGS.

The appearance of broad and strong intensity band at
568 cm�1 with shoulder at 665 cm�1 and 445 cm�1 in
the FT-IR spectrum of Fe sample (Fig. 2A) is resulted
from the presence of magnetite (Fe3O4q [15].

Fig. 3. The Raman spectra of Fe (A) and Cu (B)
corroded samples at the marked point. Measurement
conditions: spectral ranges 1700–100 cm�1, excitation
wavelength 632.5 nm.

Fig. 4. The mapping area (A) and FT-IR spectra (B)
of Cu corroded sample at the selected points. Measure-
ment conditions: spectral ranges 3600–3000 and 1200–
600 cm�1, mapping area (160 µm � 195 µm), detector
MCT.
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In addition, the broad absorption band at 1632 cm�1

(Figs. 1A and 2A) can be assigned to OH bending vibra-
tions in iron chloride containing compounds [12].

The Raman spectrum registered on the Fe corroded
sample (Fig. 3A) is also dominated by the characteris-
tic modes due to the lepidocrocite [16]. These modes
appear at 643, 518, 347, 248, and 214 cm�1, which indi-
cates that the γ-FeOOH is predominant corrosion prod-
uct. The appearance of the another band at 307 cm�1

can be attributed to magnetite [17].
The formation of the above mentioned iron corro-

sion products facilitates appearance of cracks and loss
of metal properties [13, 14].

The Cu exposed to humid air oxidises with for-
mation of cuprite (Cu2O), which protects the surface
against corrosion [6]. The fragment of layer correspond-
ing to the Cu2O (marked point — black area) is pre-
sented in Fig. 3B. In the Raman spectrum obtained on
the Cu metal surface, the broad bands appearing at
620 cm�1 and 530 cm�1 are characteristic for Cu2O (see
Fig. 3B) [3].

Different phenomenon is observed for the FT-IR spec-
tra of the Cu corroded sample. These spectra are
dominated by modes of the paratacamite (Cu2(OH)3Cl)
(Figs. 2B and 4B) [18, 19]. In the high wave number FT-
IR spectral region (3440–3304 cm�1q of Cu surface the
stretching vibrations of hydroxyl groups in paratacamite
are strongly enhanced. In addition, in the lower wave
number spectral range, bands occurring at 987, 925, 861,
826 cm�1 are due to the Cu–O–H bending vibrations of
Cu2(OH)3Cl [18]. On the other hand, the absorbance
bands at 582, 516, 456, and 411 cm�1 (see Fig. 2B) are
characteristic for the Cu–O bending [20]. The presence of
aggressive media such as chloride ions caused the break-
down of the passive Cu2O film on the Cu metal surface
due to the formation of species such as i.e. CuCl, CuCl�2 .
The CuCl�2 ions can be oxidized to Cu2(OH)3Cl [21, 22].
Paratacamite cannot provide good protection of the sub-
strate due to its loose microstructure [6].

4. Conclusions

In this work, analysis of the corrosion products formed
on the Fe and Cu metal surfaces in the chloride con-
taining solution was provided by means of the FT-IR
and Raman spectroscopy techniques. The obtained re-
sults show that the dominant corrosion product for the
Fe sample is lepidocrocite (γ-FeOOH), while the Cu sur-
face is covered mainly with paratacamite (Cu2(OH)3Cl).
The results indicate that the vibrational spectroscopic
methods are excellent tool for identification and analy-
sis of the corrosion products at different positions on the
metal surfaces.
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