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Resumen 

Una adecuada identificación de los diferentes componentes presentes en productos de corrosión de aceros es una tarea que 
normalmente requiere la utilización de diferentes técnicas analíticas. Las técnicas clásicas que los científicos de la 
corrosión han usado para la realización tanto de estudios cualitativos como cuantitativos son la espectroscopia Mossbauer 
y la difracción de rayos X. Recientemente algunas otras técnicas han ganado importancia en este campo. Una de estas 
técnicas es la microscopía Raman. En este trabajo se obtuvieron espectros de microscopía Raman de herrumbres. Se 
realizó un barrido a lo largo de una línea recta de 100 µm  de longitud mediante pasos de 10 µm. Se identificaron bandas 
características de magnetita, lepidocrocite, goetita y akaganeita, las cuales mostraron diferentes intensidades relativas en 
cada punto. Las intensidades relativas de las bandas más representativas de cada fase se usaron para asignar factores de 
peso que se usaron para la cuantificación de cada fase de hierro para intentar la determinación de la composición de la 
capa superficial de herrumbre. Así, se intenta proponer un método cuantitativo para la determinación de la distribución de 
fases en la capa de herrumbre. 
 
Palabras clave: Microscopía Raman, Corrosión y protección. 

 

Abstract 

The proper identification of different components contained in steel corrosion products is a task which normally requires 
the use of different analytical techniques. Mössbauer spectrometry and X-ray diffraction have been the classical 
techniques used by corrosion scientists to carry out both qualitative and quantitative studies. Recently other techniques 
have been widely used in qualitative studies of rusts: one of these techniques is Raman microscopy. In this work, Raman 
microscopy spectra of rust were obtained. Scanning across a 100 µm length straight line was obtained by a pass of 10 µm. 
Characteristic bands of magnetite, lepidocrocite, goethite and akaganeite were identified showing different relative 
intensities on each point. The relative intensities of the mayor bands of each phase were used for assigning weight factors 
which were used for the quantification of each iron phase to try to determine the rust layer composition. In this way, a 
quantitative method for the phase composition determination of the rust layer was proposed. 
 
Keywords: Raman microscopy, Corrosion protection. 
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1. Introduction 

Raman microscopy is the application of Raman 
spectroscopy to the study of small samples. Because a 
typical Raman spectrum of a micro-metric size sample can 
be of the order of 1012 times smaller than that for Rayleigh 
scattering, the use of this technique was not usable before 
the introduction of an efficient method for rejecting the 
latter. This was possible by the introduction of noth filters. 
In addition, the use of enhanced charge coupled devices 
(enhanced CCD) allowed the creation of more suitable 
systems for the multichannel detection method.  A modern 
Raman microscopic system combines the advantages 
coming from a confocal architecture, the optimized design 
of the spectrometers, the laser technology advances, the 
CCD detection, the hollographic noth filters technology 
and the computer control to obtain a powerful machine 
used in materials characterization [1]. The application of 
Raman microscopy in the iron oxides and oxy-hydroxides 
characterization probably started with the classic work by 
De Faria et al. [2]. One of the most cited works  related to 
Raman microscopy on steel corrosion products has been 
the Cook´s et al. one [3]. Neff et al. [4] have used this 
technique in the characterization of iron archaeological 
artefacts. However, most papers found in literature include 
cualitative analysis only identifying the phases present in 
the corrosion products. Dubois et al. [5] have recently 
proposed a method based on Raman mapping for the 
characterization of steel corrosion products determining 
their respective mass fraction. However, their method 
requires the obtention of spectra of different iron oxides 
and oxi-hydroxides mixed in different proportions. In this 
work, we propose a new method for the phase 
identification and the relative abundance determination of 
the rust components, by using the relative intensity and the 
mean height width (MHW) of some characteristic Raman 
bands of the iron phases present in the rusts. 

2. Experimental Methods 

Details on the rusts obtention procedure can be found 
in our previous papers [6,7]. The Raman microscopy 
spectra of pellets made from powder were measured using 
an InVia Renishaw Ramanscope system. The sample 
translation system allows XY displacements with a 1 µm 
step and the scaning can be done across straight lines, 
squares and circunferences. The measurements were 
carried out in air using the He-Ne excitation line of 633 
nm. The power of the laser source was 25 mW. However, 
this power was attenuated to the minimum value allowed 
by the instrument, in such a way that the measured laser 
power on the sample was about 0.24 mW. Structural 
transformations of the iron phases due to the laser action 
were not expected because these transformations can occur 
when the power on the sample is higher than 0.7 mW [2]. 

However, the temperature on the sample was evaluated 
using the method by Pérez et al. [6] and its value was about 
100 ºC, which is below the temperature required for 
thermal transformations of iron oxides and oxy-
hydroxides. All spectra were taken using a 50X 
microscope objective and an integration time of 60s. The 
spectral window was between 100 and 800 cm-1 
corresponding to the region in which the iron phases 
detected in this study have their major phonon lattice 
modes [3, 4].  Scanning across a straight line of 100 µm 
length was obtained. The scanned points are on the X-
coordinate axis and their coordinates are (-50 µm, 0),…., 
(50 µm , 0) (see Fig. 2 down-rigth). Hence, eleven different 
spectra were taken. Those spectra are shown in Fig. 1 and 
2, and they have been labelled as E1, E2,…, E11. It is 
important to clarify that the coordinates of E1, E2, …, E11, 
are (-50 µm, 0), (-40 µm, 0),…, (50 µm, 0), respectively. 
All the spectra were fitted by the WIRE 2.0 program 
accompanying the system, and using voigthian curves. 

3. Results and Discussion 

 

Fig. 1: Raman spectra measured at points E1 to E6. 

For a proper identification of each iron phase by 
Raman spectroscopy, we have taken into consideration the 
most important bands reported for each iron phase as 
follows [2, 3, 4]: for γ-FeOOH the bands located at 219, 
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252 and 650 cm-1 were used; for goethite the bands used 
were at 300 and at 386 cm-1; the bands at 314 and 722 cm-
1 were used for identifying β-FeOOH; finally, for Fe3-xO4 
the bands at 532 and at 667 cm-1  were used. The band 
located at about 380 cm-1 cannot be used as a criterion for 
identification of any phase, because it is a superposition of 
the strongest bands of goethite and β-FeOOH, and also to 
the next strongest bands of γ-FeOOH. 

The composition of our rusts was extensively discussed 
in our previous works [6. 7]. Non-stoichiometric magnetite 
(Fe3-xO4), magnetic and super-paramagnetic goethite (α-
FeOOH), ledicrocite (γ-FeOOH) and akaganeite (β-
FeOOH) were the iron phases detected. All the spectra 
showed characteritic bands of most of them, but the 
relative intensities and widths resulted different in all 
cases, indicating different relative abundances in different 
regions of the sample. The band intensities can be seen in 
Fig. 1 and 2, in which the experimental data (full circles) 
and the respective fitting curves are shown. After the 
fitting processes, the maximum and the MHW values of 
each band were measured. The summation of the product 
of these two parameters for the bands associated to each 
phase was taken as a measurement of their abundances, Ai. 
Now, if we consider the total area under the fitting curve as 
being proportional to the total mass in the illuminated area, 
A, the quotient between Ai and A can be taken as a 
measurement of the relative mass fraction phase (or 
relative abundance), and (Ai /A)x100 as the respective 
percent relative phase abundances. In Table No. 1, the 
relative abundances (% Mass) estimated as explained 
before for each scanned point are presented, as well as the 
average values taken over the total data for each iron 
phase. In addition, in the last column, the respective 
relative abundances as calculated by Rietveld refinement 
[8] are presented. All values are different which can in part 
be explained in the following way: a Raman spectrum from 
a sample consisting of a mixture of iron oxides and oxi-
hydroxides presents superposition of various bands making 
proper band assignment too difficult. On the other hand, 
some kind of super-paramagnetic phases can not be 
detected by X-ray diffraction measurement (γ-Fe2O3 and 
α-FeOOH), but Raman microscopy could detect them 
finding different values in all relative abundances. 
However, our method would be enhanced and used as a 
powerful tool for the phase relative quantification of 
products of steel corrosion, if the statistics were better, i. 
e., if a higher number of points was scanned and mapped. 
This implies that a more representative sampling is taken 
into account in the scanning process. 

 

Fig. 2: Raman spectra measured at points E7 to E11. Optical 
microscopy image of the scanned region (Down-right). 

As it is well known, the XDR lateral resolution is of the 
order of mm whereas its depth resolution can vary between 
20 Ǻ to 30 µm, depending on the materials’ properties and 
x-ray incidence angle. In relation to Raman microscopy, 
both lateral resolution and confocal mode depth resolution 
are of the order of µm. In this way, a smaller area is 
studied by Raman microscopy which is an indicative of its 
better resolution compared with that of XRD. Because a 
more localized analysis is obtained by Raman microscopy, 
it is possible to have a more precise measurement of the 
composition of the sample. 

4. Conclusions 

A method for the determination of relative abundances 
of iron oxides and oxy-hydroxides present in rusts was 
presented. The method is based on Raman mapping. The 
most repressentative Raman bands associated to each 
phase were employed. The method would be enhanced if a 
higher number of points was used in the scanning process 
which means a more representative mapping in the 
measured region of the sample.  
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Table No. 1:  Relative abundances (% Mass) of iron phases detected in rusts, their average (Av.) and their respective values obtained by 
Rietvel refinement (Riet.).  
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Relative Abundance (% Mass) E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 Av. Riet. 

β-FeOOH 7 3 51 56 9 69 59 60 56 32 6 37 31 

α-FeOOH 26 28 6 4 51 0 2 0 2 9 28 14 24 

γ-FeOOH 53 59 23 23 0 4 7 1 12 3 66 23 10 

Fe3-xO4 14 10 19 17 40 27 32 39 30 56 0 26 35 


