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Abstract

A black pigment was synthesised based of(fg O3 stoichiometry, by studying the compositions with 0.15, 0.20, 0.50, 1.00, 1.20, 1.30,

1.50, 1.80 and 1.85 and using industrial grade reagents as raw materials. The resulting products were compared with a pigment made using
chemically pure (CP grade) reagents in order to establish the most appropriate reagents for achieving minimum Cr(VI) segregation during
the pigment washing stage, and comparable chromatic qualities of a standard industrial pigment. X-ray diffraction (XRD) indicates a solid
solution formation based on the haematite structure; however, X-ray photoelectron spectroscopy (XP&3sbhalibt analysis indicate the
presence of a phase containing Fe(ll) undetected by XRD. A smaller Cr(VI) content was found in the washing liquids when industrial grade
reagents were used, but the resulting chromatic quality was poorer than that obtained for the same composition when made with CP grade
raw materials.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction ity and of the thermodynamic force governing the process.
These problems require ceramic pigment synthesis reactions

With few exceptions, inorganic pigments are oxides, sul- to take place at high temperatures with long reaction times,
phides, oxide hydroxides, silicates, sulphates or carbonatesvhich affect the economic costs of the process and may alter
and can consist of single-component particles (e.g., red iron,end product stoichiometry as a result of volatilisation of the
a-Fe03) with well-defined crystal structures or mixed pig- volatile components during calcination. Volatilisation losses,
ments made up of non-uniform or multicomponent particles together with the soluble products that may be removed in
and, in general, they contain transition metal iéns. the washing stages, are important sources of pollution in

Ceramic pigment research is directed towards achieving athe sector and, given current regulatory restrictions, make
greater understanding of pigment-forming systems and find- it increasingly necessary to study systems that contain po-
ing useful new pigments for different applications in glazes, tential pollutants with a view to substituting and/or reducing
porcelain enamels, paints and plastics. these.

Ceramic pigment synthesis by the ceramic method, as in  Asaresult, the focus of research in the field of ceramic pig-
any solid-state reaction, entails the drawback that the reactionments tends to be determined by socio-economic, sanitary or
mechanism is kinetically controlled by slow atomic diffusion environmental factors or the enhancement of the pigmenting
processes in the crystal lattice, which essentially depend onpower of currently known structures.

the number of ionic defects in the lattice, of their mobil- Among the pigmenting systems that pose the greatest
risks, there are those that contain ions of the first transition

* Corresponding author. series, such as chromium, cobalt, nickel, etc., as the d-block
E-mail address: escriban@gio.uiji.es (P. Escribano). metals show an extremely wide range of both redox behaviour
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and complex formation. These properties underlie their cat-  Nickel and its compounds also represent a risk factor as
alytic role in enzyme actiof. they are potential carcinogens in human beings and animals.
The light absorption coefficient of black pigments deter- In plants they have a phytotoxic action when present in high
mines their optical quality. Their colour intensity and hiding concentrations.
power depend on the particle size and particle size distribu-  Owing to the great number of oxides present in the struc-
tion. The most important black pigments are carbon blacks, ture, in practice it is difficult to reproduce a black colour of
iron oxides, and mixed metal oxides. Due to the high temper- high optical quality. This fact, together with the use of tran-
atures used in the ceramic industry, carbon black pigmentssition metals, considered toxic according to Environmental
are not suitable as ceramic pigments, which is why black ce- Protection Agency (EPA) guidelines, makes it of interest to
ramic pigments are based on iron oxides and mixed metalconduct an in-depth study of these pigments in order to at-
oxides, and particularly on the latter. tempt to reduce the content and number of toxic elements,
In fact, black ceramic pigments are formed by mixing sev- and to try to replace these with f-block elements, as the f-
eral divalent and trivalent oxides which, after firing, form the block metals (lanthanides and actinides), although showing
most common spinel structure. The divalentions may be iron, a wide range of redox behaviour and complex formation, are
cobalt, manganese, nickel or copper. The trivalent ions may usually biologically unimportant with the exception of some
be iron, chromium, manganese or aluminiériihe spinel of the actinide group, which may be significant pollutants.
lattice not only possesses good thermal and chemical stabil- In the ceramic industry, a ceramic pigment is used that
ity, but also a high refractive index, which is important for contains CsO3, MnO, FeOs, NiO and PgO11 (used as STD
good optical pigment properties and, by charge transfer, canreference in this study). In addition to a good understanding
generate a black colour by strong absorption of the whole of the parameters that control the synthesis of this black pig-
spectrum. ment, thorough raw materials control, reduction of energy
The traditional way to obtain an intense black colour costs and, specifically, modification of the processes are re-
in a ceramic glaze is to disperse a quantity of cobalt— quired to attempt to achieve zero emissions and waste. This
iron—chromité material, in some cases also containing is moreover necessary for the product to meet growing social
Ni(ll), in a glaze. Cobalt-free iron—chromium pigments have demands with regard to safety, sustainability and minimal
been the focus of renewed interest in recent years becausenvironmental impact.
of the increase in price of cobalt-bearing black pigments and ~ Given the complexity of the system owing to the number
their pollution problems. There is, therefore, a need for an of components and problems relating to the use of highly pol-
intense black pigment free of cobalt oxide and suitable for use lutant raw materials, it has been considered useful to study
in ceramic glaze$.A patent of the synthesis of this cobalt- binary compositions with oxides that appear in their formu-
free pigment can be found in the literatre. lation and which, according to the DCMA classification,
Cr-doped structures have been widely studied as ceramicwill exhibit a black coloration. The present study therefore
pigments’—® Chromium is necessary to obtain a black pig- addresses the synthesis of the black pigment referenced 3-05-
ment. Depending on synthesis conditions, it can be found in 3 Chromium green—black haematite. This will subsequently
different states of oxidation (II-VI) and these generate dif- be followed by a study of other binary combinations which,
ferent properties, stability and coloration. This difficulty in  together with the pigment oxides used in industry, develop
understanding the colouring mechanism involved and the few the black colour.
related studies found in the literature have led to undertaking  Structurally, the iron and chromium black pigment is a
this study on chromium-containing pigmenting systems, try- solid solution of FeOs and CpOs. In the phase diagram of
ing to keep the Cr(Ill) ion from oxidising to Cr(VI) because this system® these oxides can be observed to generate a
of its negative environmental impact, as itis segregated in thecomplete corundum solid solution for all the range of com-
washing liquids> positions up to~1400°C. Above this temperature, @3 is
Cr(VI) is taken into the body through the respiratory sys- reduced to FeO and an Fe(Fe £3) brown spinel can also
tem (the handling of Cr(VI) precursors by workers), water form.
or food (due to irrigation with polluted water) and can cause = The FeOs and CpOs solid solution is a substitutional
acute gastroenteritis, allergic dermatitis, chronic conjunctivi- type in which Fé* and CP* ions are distributed at random
tis, rhinopharyngitis and lung cancer. over the octahedral sites in the corundum structure. The solid
Thus, a factor to be kept in mind is the handling of Cr(VI) solution may be formulated as Fer,_ O3 (0<x<2). The
precursors. The National Institute of Occupational Health raw materials used in synthesis explain the black colour of this
and Safety recommended that the chromium (VI) compound pigment. The intense red colour of &3 can be attributed to
quantity handled should not exceed 1 mgttaring 10 work- an & — Fe¥* charge transfer mechanism. The green colour
ing hours a day®1* Another problem associated with the of Cr,Os is originated by d—d transitions in &t The two
use of Cr(VI) is the fact that the ceramic pigments have to mechanisms produce an overlapping absorption that covers
be washed before application in a glaze, and the content ofthe visible spectrum with a resulting black pigment.
water-soluble or acid-soluble chromium is becoming impor-  The aim of this research is to study the influence of the
tant from a toxicological and ecological point of view. mixing ratio of FeO3 and CpOs in the black coloration of
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this pigment and also to optimise its synthesis in order to spectrophotometer (Model CARY 500 SCAN) and a coupled
reduce the amount of Cr(VI) in the washing liquids (crucial analytical software for colour measurements. The data were
operation in the manufacture of this pigment) without de- registered from 380 to 700 nm using a PTFE blank as re-
creasing its pigmenting properties. flecting standard. CIELAB colour parameter measurements
were conducted using a D65 standard illuminant. Colorime-
try serves to characterise a colour and allow identification.
2. Experimental In this systemL" is the lightness axis [black (0) to white
(100)],4" is the green (<0) to red (>0), and is the blue (<0)
In accordance with the traditional ceramic pigment to yellow (>0) axis!’18
synthesis route, several compositions based g€ize,03 After obtaining the composition and temperature at which
stoichiometry ¢£=0.15, 0.20, 0.50, 1.00, 1.20, 1.30, 1.50, the pigment exhibited the best optical properties, we studied
1.80 and 1.85) have been prepared. The different mixturesthe Cr(VI) content in the washing liquids by a colorimet-
were refined and homogenised by wet milling in acetone fic method recommended by the EFAThus, 0.3g fired
in a laboratory planetary ball mill for 20 min. After drying, ~sample was subjected to successive washings with hot 0.3 M
the samples were fired in a Nabertherm electric furnace HNOs until obtaining 50 mL solution. Measurements were
at a heating rate of 16C/min at 1100, 1200 and 130C conducted on the spectrophotometer used for CIELAB mea-
and held at each final temperature for 2h. To refine and surements at 540 nm.
homogenise the particle size after calcining, the resulting  After establishing the composition and temperature at
products were ground in an agate mill with acetone, followed Which the black pigment with the best optical characteris-
by sieving at 5Gum. All the measurements in this study tics developed, we proceeded to synthesise this under the
were performed on the sieved samples. same conditions, however using chemically pure (CP) grade
In a first stage, the different samples used in this study reagents: GiOz (J. Baker, 99.3%, impurities specified on the
were synthesised from ferric oxide and chromic oxide of the container: Max.: NH*™ 0.01%; CI 0.02%; Fe 0.05% and
quality commonly used in the ceramic colorantindustry, with SQs?~ 0.7%). The sample was analysed by XRD, colorimet-
a view to conducting the experiments under conditions sim- ric measurements were made on the powdered samples and
ilar to those found on an industrial scalable 1details the  the Cr(VI) content in the washing liquids was determined.
chemical composition of the two oxides, determined by X-ray ~ To determine the particle size of the industrial grade and
fluorescence (XRF) measurements using a SIEMENS SRSCP grade raw materials, these underwent the same grinding
3000 wavelength dispersive XRF spectrophotometer. process, prior to calcination, used in mixing and homogenis-
Phase analysis of the fired samples has been performed byng the compositions being studied. Particle size of the ground
X-ray powder diffraction (XRD) with a SIEMENS D5000 raw materials was measured in a Coulter LS230 with micro
diffractometer with Cu k& radiation. Data have been col- volume module. The particle-size range which can be deter-
lected by step-scanning from 20 to 7 with a step size  mined by this instrument lies between 0.4 and 2060
of 0.05°29 and 5's counting time at each step at room tem- ~ With a view to verifying the oxidation state of iron in
perature. The goniometer was controlled by the “SIEMENS the two samples selected, based on the data obtained by
DIFFRACT plus” software, which also determined diffrac- the various characterisation techniques, and the formation
tion peak positions and intensities. The instrument was cali- of the FeCr,_, O3 solid solution, Mysshauer spectra were
brated using an external Si standard. The spectra have beefecorded using a conventionaldgsbauer spectrometer with
compared with those obtained for pure,Og and FeOs. a ®’Co/Rh source where velocity calibration was done us-
In order to determine the best temperature for obtaining ing @ high-purity natural iron foil of 2m thickness, and
a black pigment with high optical properties, a colorimetric the Mossbauer parameters are given relative to this standard
study was performed and tHéa"b" data have been com- at room temperature. 8bsbauer data were fitted using the
pared with those of a black pigment used in the ceramic NORMOS program.
industry, referenced STD. CIELAB colour parameters were 10 confirm the results obtained by désbauer spec-

determined at room temperature with a VARIAN UV/visible troscopy, X-ray photoelectron spectroscopy (XPS) spectra
were obtained with a VG-Escalab 210 spectrometer oper-

ating in the fixed analyser transmission mode with a pass
energy of 50eV, and using a non-monochromated Al K
(hv=1486.6 eV) X-ray radiation. The pressure in the anal-
yser chamber was kept at 19mbar during spectra acquisi-
Siler) P20s CaOo CpOs3 tion. Prior to XPS measurements the samples were degassed
0.0969% 0.5110% 0.0969% 99.3000% gt room temperature at 1@mbar during night.

The binding energy was regulated by setting the Cls
transition at 284.5 eV. The data analysis procedure involved
S TiC, F&0s smoothing, background subtraction and curve fitting us-
0.4445% 0.1000% 99.4554% ing mixed Gaussian—Lorentzian functions by a least-squares

Table 1
Chemical composition of the industrial grade,Og and FeO3

Cr,03 (industrial grade)

FeO3 (industrial grade)




1366 R. Murioz et al. / Journal of the European Ceramic Society 26 (2006) 1363—1370

method. Atomic ratios of elements were calculated from the  Analysis of the Cr(VI) content in the washing liquids of
relative peak areas of the respective core level lines using theall the compositions after firing at the three test temperatures
Wagner sensitivity factor& indicates that the smallest quantity is obtainedxferl.3 at
the three firing temperatures as showifrig. 3.

In view of the results obtained by XRD, colorimetry

3. Results and discussion and analysis of Cr(VI) in the RgCrg 703 sample synthe-

The evolution of the crystalline phases in the different
compositions studied after calcination at 1100, 1200 and
1300°C with a 2-h soaking time at peak temperature was
analysed by XRD. The diffractograms indicate the presence
of Fe,Cr,_, O3 solid solution as the sole phase at the three
test temperatures.

As an examplefig. 1depicts the diffractograms for some
of the compositions synthesised after firing at 1202 h, a*
together with those of the F®3 and CpO3 raw materials
for comparison. It can be observed that whemcreases
(Cr,0O3 decreases) thet2position of the peaks decreases
and shifts to the F3 26 position. The results are in good

agreement with the theory because the d-spacing between 0811 2 oo \
the reticular planes in the F@s3 structure is larger than the o T 13002h

d-spacing between the reticular planes in thedzrstruc-

- : . 0.0 0:2 O.I4 0.‘6 O.IB 1.‘0 1.I2 1j4 1I.6 1;8 2.0
ture. According to Shannon and Prewitt d&tahe atomic

- = R @ X (mol)
radii for Fe(lll) (in a high spin situation) and Cr(lll), both in
octahedral coordination, are 78.5 and 75.5 pm, respectively:
d(Fe03)>d(Cr03) and taking into account Bragg's Law, 44,
0(Fe03) <6(Cr,03). The XRD spectra indicate that a solid
solution is formed after the reaction of f&&; and CpO3 at 3 ‘

the test temperatures, because the corresponding d-spacin
between the reticular planes changes according to the degree .
of substitution.

Fig. 2 displays the colorimetric study performed on
the powdered samples. The figure shows that sample
Fe1 3Crp.703 fired at 1200C with a 2-h soaking time ex-

hibits the best optical properties compared with those of the || —*~ };ggg: \‘ hre
standard industrial pigment (STO)'(= 15.83004" =0.8959 —e— 130072 N\
andb’ =—0.4893), because it displays a ldw value (less -3 —
clarity), whilea” andb” values are also the lowest. 00 02 04 06 08 10 12 14 16 18 20
(b) X (mol)
=
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Fig. 2. Colorimetric coordinates in the fired samples:(a)(b) »* and (c)
Fig. 1. XRD for some of the compositions fired at 12@J2 h. L.
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Fig. 3. Cr(VI) content in the washing liquids of all the compositions after
firing at 1100, 1200 and 130@/2 h. 804 W Fe0s())
Table 2 O Fe0s(L)
Chromatic coordinates of samples;E€rp 703 (I) and Fa 3Cro703 (L) 9 g0
calcined at 1200C/2 h §
Samples L a b 2
I
Fel_3Cr0_703 (|) 18.3854 03143 —-0.3133
Fe1 3Crp 703 (L) 15.1466 02198 04917
STD 158300 08959 —0.4893 20
sised with industrial grade raw materials and calcined at 0 Ao — 1 ; -
1200°C/2 h, this temperature and soaking time were selected 0 20 40 um e 80 100

as a reference and this sample was then synthesised with CF

grade raw materials; these samples are respectively refereig 4. particle size of the industrial grade and CP grade raw materiglsCr
enced hereafter feCry 703 (1) and Fa 3Crp.703 (L). The and FeOs.

results obtained, both with regard to the chromatic coordi-
nates and Cr(VI) content in the washing liquids are respec-
tively shown inTables 2 and 3

The values of."a"b" indicate an improvement in the opti-
cal qualities of the pigmentin comparison with those obtained
using industrial grade reagents, though a larger quantity of
Cr(VI) is segregated in the washing liquids.

With a view to establishing whether the end stoichiometry
matched the nominal starting stoichiometry, the quantity of
Fe and Crinsamples IceCrg 704 (1) and Fa 3Crg 704 (L) af-
ter calcination at 1200C/2 h was analysed by XRF. The anal-
ysis data show an E©®3 and CpO3 content of 64.80% and
34.60% respectively for sample (1), and 65.40% and 34.30%
for sample (L), so that the ratio of Fe/Cr in (1) is 1.78 and
in (L) 1.86. Comparison of these ratios with the initial ratio
of 1.86 thus indicates that the quantity of,Og lost dur-

ing calcination is slightly higher in the sample prepared with
chemically pure reagents.

Given the differences found with respect to the chromatic
coordinates and Cr(VI) content in the washing liquids and
taking into account that the reactivity of a mixture of solids
is influenced by the contact area between the reacting solids
and hence their surface areas, the particle size of both the
industrial grade and CP grade raw materialg@rand FeOs
was measured. These results are showfign4.

The figure shows that the two chromium oxides have a
similar particle size, while there is a greater difference in size
in the two iron oxides. Thusy45% of the FeOg3 (1) particles
is similar in size to the GO3 (1) particles, while 45% exhibits
a much smaller size. In the case okBg (L) only ~20% of
the particles is similar in size to the £33 (L) particles, and
~78% is much smaller.

Particle size is known to be an important parameter, which
Table 3 ) o strongly influences powder characteristics. If the mechanism
g;,\ggrgsgt:(nt) 'g‘altgie\’(;’?thl'ggégfz'is for samplesaf€ro.7Os (1) and proposed by Escardino et#is assumed for this system, a

, greater difference in sizes between the reacting oxide parti-
Samples mg Cr(vVI)/g pigment a5 (the case of the sample prepared with CP grade raw ma-
Fe1.3Cro.703 (1) 0.00018 terials) will affect the thickness of the 8D; gaseous phase
Fe15Cro.70s (L) 0.02880 thatis deposited on the F®3 as well as the quantity of Cr(l1l)
3
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Fig. 5. Mossbauer spectra and hyperfine field distribution far §&xo 703 (1).
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Fig. 6. Mossbauer spectra and hyperfine field distribution fard&y 703 (L).

that diffuses inside, which can cause more Cr(lll) to oxide to fired at 1200°C/2 h. The spectra, which are very similar, are
Cr(V1) (given the atmosphere in which the calcinations are properly fitted with a distribution of sextets with hyperfine
conducted), as detected in the Cr(VI) analysis performed onfield ranging from 40 to 51 T. In both samples the isomer
the washing liquids and by the XPS measurements. shifts (IS) and quadrupole splitting (QS) of the sextets in the
Taking into account the above mechanism, the results ob-distribution are respectively 0.35 mm’sand—0.28 mm s,
tained with regard to coloration and segregation of Cr(VI) typical of Fé* and very close to the values expected for crys-
in the washing liquids might be explained in terms of the talline haematit€® at room temperature (IS=0.3mm’s
difference in particle sizes shown Fig. 4, because though  QS=-0.197 mms?).
a greater uniformity is observed in industrial grade and CP  For the two samples, the distribution shows that the most
grade CsO3 particle sizes, industrial grade f&;3 particle probable value of the hyperfine field is about 48 T and the
sizes exhibit a greater scatter. If reagent particle sizes are dif-mean hyperfine value is 47.3 T, which are values lower than
ferent (as is the case of industrial raw materials), end col- that observed in pure-Fe0Os3 (51.75 T at 300 K). This indi-
oration uniformity will be poorer. Moreover, as there are cates that the neighbouring of the’Fsites has been altered
FeO3 particles of different sizes, the quantity of Cr(lll) that with respect to that af-Fe,O3. However, the changes mainly
diffuses inwards will vary with respect to that which sublimes affect the hyperfine magnetic field and have little influence
in the particles, possibly leading to sublimation of a greater on the IS and QS, which are related to the electron density
quantity of chromium as Cr(VI) than when raw materials and electric field gradient at the nucleus of Fiens, respec-
with a more uniform particle size are used, as is the case intively. Thus, this can be indicative of €rsubstitution at the
CP grade raw materials. That is, a difference in particle sizes Fe** sites (Cr is not magnetic, but is similar from the charge
entails poorer quality black coloration though it reduces the point of view).
quantity of segregated Cr(VI1). Note that both cases lie within ~ However, it should be noted that the foregoing spectra
the accepted legal limit, as in European legislation the per- could also be fitted to two sextets (each sextet would cor-
mitted quantities for Cr(VI1) in water emissions are between respond to an Fe site) with hyperfine field values of 48.4
2 and 10 ppm. and 46.3 T which more closely approach those af@(49
Figs. 5 and 6respectively show the Bbksbauer spectra and 46 T) in the composition prepared with industrial grade
of the two samples ReCry703 (l) and Fea 3Crg 703 (L) reagents than with CP grade reagents. However, the values
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Table 4

O1s, Fe2p and Cr2p binding energies and surface atomic ratio fafg;O3 (I) and Fa 3Crg 703 (L) fired at 1200C/2h

Sample (vé Fe2p (eV) Cr2p (eV) 019 (eV) FelO Cr/o

Fey aCro.703 (L) 11.7 7104 5760 (46655) 52% (231600) @05 Q191
5786 (12093) 5318 (88534)

Fey aCro.703 (1) 8.45 7104 5766 (13803) 53 (172600) @50 0200
5791 (2248) 5322 (64661)

@ Charge correction related to the C1s peak.
b The peak area of each component is given in brackets.

of the isomer shift and the quadrupole shift do not fit those in both samples, can be related to the Cr(lll) species, while
of Fe304 as well, which is why it is considered these could the 579.6 eV component is related to the Cr@&ipr Cr(V)
be assigned to E®, replaced with Cr. specie®. The presence of the more oxidised Cr species is
The O1s, Fe2p and Cr2p binding energies recorded in thelow in both samples (20% in the EgCrg 703 (L) sample,
XPS spectra for FesCrg 703 (1) and Fa 3Crg.703 (L) fired and 14% in the Fg3Crp 703 (1) sample).
at 1200°C/2 h are listed iable 4 together with the surface The Fe2p core level XPS spectra are showhitn 8 for
atomic ratio. both Fa 3Crp.703 (I) and Fa 3Crp 703 (L) samples. In both
The O1s core level line of the FgCry 703 (I) sample cases, the peak is rather asymmetric. Similar asymmetry has
shows the presence of two components at 530 and 532.25 eVbeen observed in the literature, due to multiplet splitting. The
The peak at 532 eV can be related either to OH or carbonatebinding energy of the Fe2p3/2 peak in the; E€rg 703 (I)
impurities, while the O1s binding energy for both iron or sample is 710.4 eV, which can be related ta®g2® con-
chromium oxide is approximately 530 eV. The O1s core line taining both Fe(lll) and Fe () species.

of the Fa 3Crg 703 (L) sample shows a 0.4 eV shift to lower In the Fa 3Crp.703 (L) sample, a peak at a binding energy

binding energy, which could probably be related to some of 710.4eV is observed, together with a more pronounced

charge effects. shake-up satellite at 719.0 eV. The presence of this satellite
The Cr2p core level XPS spectra of both E€rg 703 (1) is characteristic of Fe(lll). Note that in the £6Crg 703 (I)

and Fe 3Crp 703 (L) samples are presentedhig. 7. In both sample, this satellite structure is not clear at all, confirming
cases a slight asymmetry in the high binding energy region the coexistence of both Fe(lll) and Fe(ll) species. Further
of the Cr2p3/2 line is observed, leading to a two components note a shift of 0.4 eV to a lower binding energy observed in
decomposition of the Cr2p core line. Binding energies of the Fa 3Crg 703 (L) sample due to charge effects. Thus the

576.6 and 579.15eV are obtained for the g@rg 703 (I) “corrected” binding energy of the Fe2p3/2 core line should
sample, while a~0.5eV shift to lower binding energy is be 710.8 eV, close to the value reported for Fe@ft§’
observed for the ResCrp 703 (L) sample. This shift is the In accordance with the XPS spectra, no differences are

same as observed in the O1s core level line, probably relatedobserved in the oxygen and chromium species, while a small
to charge effects. Thus, we can assume the same type oflifference in the oxidation state of the iron species can be
chromium species in both samples. According to literature inferred between the keCrg 703 (I) and Fa 3Crg 703 (L)

data, the 576.6 eV component, which is the predominant onesamples. The Fe(lll) species seems to be the only one in

= 2
40000  — . Fg 4Cro70s(L) Crep a0000F =+ FeLr0Os(L) A
ss000F — FerslroOs(l) /\ — Fe L1y 0:(1) l \ Fe2p
30000 30000
250001
w 20000
% 200001 E
®]
15000 10000
10000
5000 0
ok
1 L L 1 " 1 " 1 L L " -10000 1 " Il L L L 1 L 1 " L "
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the Fa 3Crg.703 (L) sample, while both Fe(ll) and Fe(lll)
can be inferred in the keCrp.703 (I) sample. This is con-
firmed by the auger parameter. Indeed, the same auger pa-
rameter has been obtained for Gr=1088.2 eV) while the
Fe auger parameter is 1.45 eV higher in the #&ro 703 (L)

sample ¢ =1414.6 eV) than in the kgCrp 703 (I) sample
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