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Abstract

CrO,/La;03 mixed oxides, prepared by impregnating,0g with appropriate aqueous solutions of (NbICrO, and
calcining at 600C for 4 h, have been investigated by means of XRD, TPR, XPS, DRIFTS, and Raman spectroscopy (RS).
The formation of the compounds £@rOg, La(OH)CrQ, and LaCrQ under these conditions was evidenced. Strong peaks at
864, 884, 913, and 921 cth, as well as weak peaks at 136, 180, 354, 370, and 388 amthe RS spectrum of Cr@La,Os3
have been assigned to1GrOs.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction cyclization of G, hydrocarbons to alkyl aromat-
ics fairly selectively[6]. Our studies have revealed
It is known that solid-state reactions of chrom- a stabilizing effect of lanthana on chromium oxide,
ium(lll) or chromium(VI1) oxides with lanthana under ~enhancing its surface dispersion on zirconia and, there-
certain conditions can lead to the formation of mixed fore, the catalyst stability and regenerabilf@}. The

oxide compounds, like L#CrO4)s, LaCrQy [1,2] guestion arose, whether this stabilizing effect consists
and/or LaCrGOg [3]. By reduction, these mixed oxides in the formation of lanthana—chromia surface com-
are converted into perovskite type LaGrOwhich pounds. To clarify this question, we have examined
has extensively been investigated as material for solid (i) whether and which lanthana—chromia mixed oxide
oxide fuel cells or as combustion catalyst (4355]). compounds could be formed in a GtDa;O3 mixed
Recently, we have studied Cya,O3/ZrO, cata- oxide system prepared as model catalysts at the condi-
lysts, prepared by impregnating a La(QH)r(OH), tions used ifj6,7] for preparing the CrQLay03/ZrO,
mixture with an aqueous solution of (N}CrO4 catalysts and (ii) the possibility of forming such com-
followed by calcination in air at 600C for 4 h. Af- pounds on the zirconia surface in Gy0ayO3/ZrO;

ter reduction, these materials catalyze the dehydro- catalysts.
In this paper we report the characterization re-
sults obtained by XRD, TPR, XPS, FTIR and Raman

* Corresponding author. Fax:49-30-6392-4370. spectroscopy (RS) carried out on G/0a;O3 model
E-mail addresshoang@aca-berlin.de (D.L. Hoang). catalysts.
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Table 1
Cr content, CrQ/La,O3 molar ratio, BET surface and pore radius
(PR) of the investigated samples

Samples Cr content Cr,O3/LaxO3 BET PR (A)
(wt.%) molar ratio (m?/g)

S1 (La03) - - 1.1 -

S2 (Cp0O3) - - 30.9 40.7
S3 (LaCr@) 21.8 - 2.5 41.8
S4 ((29)CL)  29.0 1.6 2.5 41.8
S5 ((1.0)CL) 1.0 0.03 14.6 38.9
S6 ((2.1)CL) 2.1 0.06 10.4 41.9
S7 ((4.1)CL) 4.1 0.13 8.6 41.5
S8 ((8.1)CL) 8.1 0.18 7.9 42.3

2. Experimental

2.1. Sample preparation
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tained were dried in air at 12@ for 12 h,
and calcined at 600C for 4h, result-
ing in lanthana with different chromium
loadings. The sample S4 contains 29.0%
Cr and the CiOs/LayO3z molar ratio in
S4 nearly corresponds to that of the 4%
Cr/7% La03/ZrO, catalyst[6,7]. Below,
the CrQ./La;0O3 model catalysts will be
denominated as (x)CL, cflable 1, where

X indicates the chromium loading (wt.%),
C stands for chromium oxide and L for
lanthana.

The specific surface areas and porosities of the ma-
terials under consideration have been determined af-
ter calcination, using a BET surface area analyzer
NOVA-1200 (Quantachrome). The results are summa-
rized in Table 1.

The investigated samples designated as S1-S8 are, 5 characterization

listed in Table 1. The samples S1-S4 were used as
reference materials and S5-S8 as model catalysts. Be-

low, the preparation and/or pretreatment conditions of
all materials investigated are given in detail.

(S1) Commercially available lanthana (Fluka)
has been pretreated by calcination in air at
600°C for 4 h.

(S2) The product of the thermal decomposition
of (NH4)2CrO4 was prepared by dissolving
the chromium precursor, (NPbCrOy, in
distillated water. The solution was kept at
pH 10 by (NH;)OH addition. After evapo-
rating the solvent at 50-6(, the product
obtained has been calcined in air at 6a0
for 4 h.

(S3) LaCr@ has been synthesized through
combustion reactions at 50Q, using
La(NQO3)3-6H,0O and Cr(NQ)s-9H>O as
precursors and CO(Nbb as fuel[8]. The
obtained product was calcined at 1D
for 5h.

(S4)—(S8) CrQ/LaxO3 model catalysts have been
prepared by immersing lanthana, S1, into
aqueous solutions containing the appropri-
ate amounts of (Nk)2CrO4. By ammonia
addition, the solutions were kept at pH 10.
Under stirring, the excess water was slowly
evaporated at 50-6C. The products ob-

X-ray powder diffraction (XRD)measurements
were carried out on an STOE STADI P automated
transmission diffractometer with Cu Karadiation

at room temperature. The XRD pattern was scanned
in 26 range of 5-60 (step size 0.5 100s per step)
recorded with a position sensitive detector (PSD).
The phase analysis was carried out with Visu8f'X
program package, using the powder diffraction file
(PDF) of the International Centre of Diffraction Data
(ICDD).

Temperature programmed reduction (TP&Xperi-
ments have been performed using a gas flow system,
including a fixed-bed quartz reactor and a gas ana-
lyzer unit. The calcined samples, with a particle size
of 0.3—0.8 mm, were placed into the reactor and heated
in an argon flow at 300C for 1 h before TPR. After
cooling the sample in the argon flow to 30, a TPR
run was carried out in a 5.23% hydrogen in argon flow
with a heating rate of 10C/min and at a gas flow rate
of 15 ml/min. Optimum sample weights have been es-
timated according to Monti and Baikg]. Hydrogen
consumed during TPR run was monitored by a ther-
mal conductivity detector (GOW-MAC Instruments).

Assuming the Cr species in calcined samples were
of the valence VI or V and in reduced sample—of
the valence lll, the hydrogen consumption, given as
mmol Ho/geat, eXxpected for the reduction of Cr(VI) to
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Cr(l11) and of Cr(V) to Cr(lll) have been calculated by
Cr' +[3(n —3)Hy & Cr¥+ (n — 3)HT 1)

with n = 6 or 5, respectively.
X-ray photoelectron spectra (XP8)ere recorded

on a SAGE 100 spectrometer (SPECS) using a

non-monochromatized Mg Kesource operating at
20mA and 12.5kV. The La 3¢ peak of LaO3 at

155

of the laser. Wavenumbers are given with an accuracy
of approximately+2 cm 1.

3. Results and discussion

3.1. XRD

835.1 eV was used as reference. The peaks were fitted The reference materials S1-S4 and ta®gLa,O3

with Gauss—Lorentz curves. For quantitative analysis,

model catalysts S5-S8 were investigated by XRD. The

the peak areas were determined with a SPECS soft-diffractogramms are shown iRigs. 1 and 2, respec-

ware after subtracting a Shirley background. The ra-
tioslc//I 4, calculated from the normalized intensities
of the Cr 2p,, and La 3d,> peaks, were taken as a

tively.
In Fig. 1, the diffractogramms of S1-S4 show the
phases LgO3 [10], Cr,O3 [11], LaCrGs [4,5,12],

measure of the relative near-surface Cr concentrationsand LaCrQ [1,2,13], respectively. GOz in S2 is

in the CL samples.
Diffuse reflectance infrared transform (DRIFT)

surely the product of (NK)2CrO4 decomposition at
high-temperature. In S4, besides LaGgy@rystallites

spectra were recorded on a spectrometer FTS-60 Aof Cr,O3 and Cr(OH)CrQ [14] have been found.

(BIO-RAD) accumulating 256 scans at 2 chreso-

Fig. 2 reveals that the phases of lanthanum hydrox-

lution. The ex situ calcined samples were placed in the ide, La(OH} [15], and lanthanum oxide carbonate,
reaction chamber of a diffuse reflectance attachment La,0,(CQ3) [16], can be recorded in all of the sam-

(HARRICK) and treated in @He flow (20 ml/min)
at 550°C for 1 h. The spectra were measured at@0
and presented in Kubelka—Munk mode referring to a
KBr background spectrum.

Raman spectra (RS$)ere recorded with a DILOR-
XY-Spectrometer (Dilor, Bensheim, Germany) eq-
uipped with a nitrogen cooled charge coupled device

ples S5-S8. The position of the strong La(@H)
peaks cover up the main peaks of,0g, so it is not
clear, whether crystallites of k®3 also exist. In S5,
probably due to the low Cr content, not any of the
Cr—La phases have been found. However, beginning
with sample S6, the phase of the basic chromate
LapCrOg with Cr at the oxidation state VI appears,

(CCD) camera as detector. The samples were excitedthe formation and structure of which were character-

using 514.5 nm radiation from an ILA 120 argon ion
laser or the 633nm line from a HNA 188 He—-Ne
laser (both, Carl Zeiss, Jena, Germany) with power
levels up to 10 mW incident into the entrance optics.
Micro-sampling (180 backscatter geometry) was
accomplished with Olympus 50xbjective with a
numerical aperture of 0.75. With this objective, the
laser beam focal point diameter was caurd. That
high lateral resolution allows to investigate individual
particles of samples different in shape or color to
find out parts of the sample enriched in one of the

ized by Berjoan et al[3]. With the samples S6-S8,
the peaks assigned to the phase Lafi0,2,13],
with Cr at the oxidation state V can be observed
additionally.

Thus, the XRD results demonstrate that the Cr
precursor (NH)2CrO4 with the high valence Cr(VI),
is not stable during a calcination in air at 60D,
i.e. at calcination temperature used for preparing
CrpO3/Lap03/ZrO, catalysts[6], and decomposes
forming Cr0Os. But, in contrast to this, the calcina-
tion of the Cr precursor mixed with lanthana results

present components. Thus, it was possible to identify in Cr—La compounds with Cr in the stable oxidation

different components at higher reliability. Taking into

account scattering losses inside of the spectrometer,

1 mW power level into the entrance optics corre-
sponds to an irradiation density of about 1@ cm—1

states VI and/or V.

3.2. TPR of CL

at the sample. If necessary, it was ascertained by The TPR experiments were performed with the sam-
using lower laser power levels (up to 0.1 mW of the ples S1, S2 and S4-S8. The TPR profiles obtained are
633 nm laser line) in order to avoid any thermal effect shown inFig. 3.
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Fig. 1. XRD of samples S1-S4 (cfable 1): marks at some peaks stand fos@g(v), Cr203 (x), LaCrQ; (O), LaCrQy (x), LaCr(OH)CrQ
().
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Fig. 2. XRD of samples S5-S8 (cfable 1): marks at some peaks stand for La(@H), LaCrOs (!), LaCrOs (X), Lap02.CO3 (@).
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Fig. 3. TPR profiles of S2 and samples S4-S8 Tefble 1).

S1 consists of irreducible L&s. Accordingly, higher the chromium content, the higheiTigax of the
during TPR of LaO3, no hydrogen consumption low-temperature peak, namely 498, 510, 522, 566 and
has been registered, with the exception of a broad 570°C for (1.0)CL, (2.1)CL, (4.1)CL, (8.1)CL and
peak at temperatures higher than 600 which has (29.0)CL, respectively. Since the intensity of this peak
been assigned by mass spectrometry to the reduc-increases with increasing Cr loading and chromium
tion of carbon-containing surface contaminations. is the only reducible component in this system, the
S2 consumes hydrogen in the temperature range be-peak should be assigned to hydrogen consumption
tween 200 and 300C, causing a broad peak with by reduction of chromium oxide. The shift inax
Tmax = 292°C. Since S2 mainly consists of irre- to higher values with increasing Cr loading indicates
ducible CpOg3 (as shown by XRD, cfFig. 1), this La—Cr-oxide interactions, which may lead to the for-
hydrogen consumption should be assigned to the mation of mixed oxide phases and, therefore, may in-
reduction of surface € species, partially formed  hibit the thermal decomposition of chromium species
after air treatment at 60@C and anchored to the in oxidation states VI and/or V during calcination at
chromia lattice by (& —0O, bonds[17]. According 600°C in air. Thus, the TPR results are in agreement
to Eq. (1), the amount of € has been estimated to  with the XRD findings, which have evidenced the
be ca. 2.0wt.%. The chromium-containing lanthana formation of mixed oxides in chromium-containing
materials (S4-S8) exhibit two hydrogen consumption lanthana materials.
peaks, the first peak at lower temperatures Witfax In the hydrogen containing argon flow of the TPR
in the temperature range between 400 and °@D0 experiments, the € and/or CP ions are expected to
and the second one at temperatures above°800  be reduced to Gt oneg/18]. The hydrogen consump-
see the magnified box ifig. 3. Like with LgO3 tion expected for the reduction of Cr(VI) to Cr(lll) and
(S1), the high-temperature peak observed with all for the reduction of Cr(V) to Cr(lll), respectively, is
lanthana-based samples, could be assigned to thedepicted irFig. 4versus the Crloading. The calculated
reduction of surface carbon-containing species. The hydrogen consumption has been compared with the
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Fig. 4. Amount of hydrogen consumed during TPR on samples S4-S8qcle 1).

values measured in the TPR experiments with the sam-the XRD results showing @GO3 and LaCrQ as the
ples S4-S8. The measured values are found to be lowemain phases in S2 and S3, respectively. With these
than the calculated values of the Cr(VI) to Cr(lll) re- two samples, peak fitting reveals a shoulder at higher
duction, but higher than the hydrogen consumption ex- binding energies, representing’Cr, 3 < n < 6. This
pected for the reduction of Cr(V) to Cr(lll). The fact, is in agreement with the TPR results that revealed the
however, that the measured curve of the samples with traces of Cr(VI) and/or Cr(V) in samples S2, Efg. 3,

Cr loadings >8 wt.% more approximates to the calcu- and S3 (not shown here). The main peak in the XPS
lated curve of the Cr(V) to Cr(lll) reduction, suggests spectrum of S4 shows a binding energy of 578.8 eV,
that, in calcined CL samples with chromium loadings which can be assigned to Cr(V). This confirms the
higher than 8wt.%, Cr(V) predominates among the XRD and TPR findings revealing the formation of

fraction of the reducible chromium species. LaCrOy with Cr in oxidation state (V). Moreover, the
peak fitting reveals, in accordance with the XRD anal-
3.3. XPS ysis, the presence of a minor fraction of Cr species

with binding energies smaller than 577.0eV, charac-
Evidence on the oxidation state of chromium in teristic for Cr in lower oxidation states, e.g. Cn
the calcined samples has been obtained from XPS(cf. Fig. 1).
measurements. The XPS spectra obtained on S2-S4 In Fig. 6, the XPS spectra of the samples S5-S8 ex-
(Cr,03, LaCrQ; and (29.0)CL) as well as on S1, S5— hibit Cr 2p3 2 peaks with a binding energy of 579.9 eV.
S8 (Lg0s, (1.0)CL, (2.1)CL, (4.1)CL and (8.1)CL)  The interpretation of this peak is complicated by the
samples (cfTable 1), are depicted iRigs. 5 and 6, fact that LaOs usually shows a shake-up satellite of
respectively. oxygen on the high binding energy side of the O 1s
In Fig. 5, the main peaks in the XPS spectra of signal, which can affect the chromium sign{i9].
the calcined samples S2 and S3 exhibit a binding en- Therefore, a spectrum of k@3, S1, was recorded in
ergies of 576.4 and 575.8 eV, respectively, which are the Cr 2, region, too. As shown irrig. 6, the O
characteristic for Cr(lll). This is in agreement with 1s satellite of LaO3 appears at a binding energy of
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Fig. 5. XPS spectra of calcined samples S2-S4Table 1).
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Fig. 6. XPS spectra of lanthana (S1), and CL samples (S5-S8, cf.
Table 1).

To summarize, in agreement with the TPR experi-
ments, XPS measurements show that Cr(VI) and Cr(V)
are the predominating oxidation states of chromium

575.5eV. However, it was not detected in spectra of , the calcined CrQ@La,03 model catalysts.
the samples S5-S8. Therefore, the peak at 579.9eV

can reliably assigned to Cr(VI)7]. The higher the
chromium loading, the higher is the intensity of this Cr
2p3,2 peak. Since this peak is partly broadened, how-
ever, the coexistence of another high valenc&*Cr
species, 3< n < 6, cannot be excluded.

The intensity ratios of the Cr 3p and La 3d,>
peaks,lc /I a, representing the relative near-surface
concentration of Cr species, are presentedahle 2
as a function of the Cr loading. For Cr loadings lower
than 2 wt.%, thec,/I 4 ratio drastically increases with
increasing Cr loading. With the Cr loadings >2 wt.%,
thelc/ /I 4 ratios remains almost constant. This obser-
vation suggests sintering of Cr species on theQsa
surface and/or on an incorporation of chromium into
the bulk.

3.4. DRIFT spectroscopy

In Fig. 7, DRIFT spectra of the samples S1 and
S4-S7 are compared in the O—H stretching region.

Table 2

Intensity ratios of the Cr 2p, and La 3d,> peaks,lci/ILa, rep-
resenting the relative near-surface concentration of Cr species, as
a function of Cr loading (wt.%)

Sample Cr loading (wt.%) le/lLa
S5 1.0 0.09
S6 2.1 0.16
S7 4.1 0.14
S8 8.1 0.18
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] Fig. 8. DRIFT spectra of the samples S1 (a), S5 (b), S6 (c), S7 (d)
Fig. 7. DRIFT spectra of the samples S1 (a), S5 (b), S6 (), S7 and sS4 (e) (cfTable 1) in the GFO and Cr—O stretching region.
(d) and S4 (e) (cfTable 1) in the O—H stretching region.

Before measurement, the materials were calcined in may readily react with Crg¥~ ions. The reaction
situ at 550°C. The spectrum of lanthana reveals bands of La,Os with water may change the morphology of
at 3587, 3450 and 3652 crh. These bands are consis- the particles, increasing their surface area. In fact, an
tent with bulk and surface hydroxyls of lanthanum hy- increase of specific surface area has been really ob-
droxide and lanthanum oxide. The strong OH band at served with data presented Table 1, from 1.1 /g
3587 cntl is attributed to La(OH) [20]. Oxyhydrox- for S1 (La0s) to 14.6 n¥/g for S5 ((1.0)CL).

ide (LaOOH), which is formed during the first step of Chromium—oxygen groups show stretching bands
La(OH) dehydration, is characterized by the OH band in the 1050-830 cm'® region. For (1.0)CL, (2.1)CL

at 3450 cm! [20,21]. The weak band at 3652 cth and (4.1)CL, a detailed interpretation of the=Cr

is assigned to isolated terminal La—OH groups on the and Cr—O stretching vibrations is not possible due
surface of LaOs [22,23]. The intensities of all these to the very low reflection in this region, ségg. 8.
hydroxyl stretching bands are observed to decreaseResolved overtone and combination bands were also
upon chromium oxide addition. In the infrared spec- not observed, indicating a considerable heterogeneity
trum of the sample S4, containing mainly LaGrO of the corresponding chromium surface compounds.
compound, not any La—OH band was detected. This The sharp peak at 1088 crhin the spectra of LDz,
finding shows, in accordance with the common view (1.0)CL, (2.1)CL and (4.1)CL is attributed to a lan-
of the mechanism of chromium anchoring on oxide thanum carbonate species. The DRIFT spectrum of
surfaceq18], that the lanthanum hydroxyl groups are (29.0)CL shows bands at 1005, 980, 950 (shoulder),
involved in an acid—base reaction with®rspecies, 920, 911, 884, 840, 816, and 730cth As shown
resulting in anchored chromate structures. This seemsabove, XRD revealed the formation of a LaGr@hase
plausible, because, if L®3 powder is immersed in  in this sample. The transmission spectrum of Lag;rO
water or in an agueous solution during the sample dispersed and pressed in KBr, was reported to be
preparation procedure described above Sefction 2, characterized by bands at 935, 830, 800 and 720'cm

it reacts to form an insoluble hydroxid&4], which [25]. Consequently, the shoulder near 950¢nand
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the bands at 840, 816 and 730¢hin the DRIFT
spectrum of (29.0)CL might be interpreted in terms
of LaCrOy. The LaCrQ bands, however, overlap
with spectral features of other chromium species. The
stretching mode of Cr—O—Cr chains at 884 ¢nindi-
cates the presence of polymeric chromium complexes.
The four bands at 1005, 980, 920 and 911 ¢rare
attributed to CrO stretching vibrations of mono- and
polynuclear surface chromates. Bands due to LaCrO
[26] and CpOs [27] in the 700-400cm! region
were not observed.

3.5. Raman spectroscopy

RS is a powerful characterization technique for
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are well known and reported elsewhere. The spectrum
of lanthanum hydroxide, La(OH)(a), exhibits six
peaks at 140, 234, 284, 342, 452 and 600 tj28]
and the one of crystalline L®3 (b) shows three sharp
peaks at 105, 192 antD6cm ! (italicized: strongest
peaks)[28,29]. The CsOs single crystal spectrum (c)
exhibits six peaks at 303, 351, 397, 53&K0 and
609 cnt! with dominating relative intensity of the
550 cnt ! peak for most orientations of the crysta0]
as well as in the spectra of powders. Crystalline bulk
CrOg3 as species in general does not play any role in
supported chromium-based catalysts. Its spectrum is
dominated by a peak at 970 cth[31].

The spectra of LaCrg and NdCrQ containing
chromium in the valence state (V) have been re-

studying supported chromium oxide catalysts because Cently reported for the first timgg2]. In agreement

it can differentiate between various molecular states
of oxide speciefl8,19]. In this work, RS was used for
investigating the mixed oxide samples S5 ((1.0)CL),
S6 ((2.1)CL) and S7 ((4.1)CL) with a lateral resolu-
tion of about 2um in order to identify possible com-
pounds formed therein after air treatment at 600or
4 h. ldentification of those compounds is either based
on the comparison of the sample spectra with data
already published or, in some cases, on their identity
ascertained by our corresponding XRD studies.

RS spectra of source or other relevant materials,
La(OH)s, LaxO3 and CpOg3 are shown irFig. 9. They

284\| -~ 342
I 452

Intensity / arbitr. units

400

1
Wavenumber / cm

800 1200

Fig. 9. Raman spectra of some La/Cr reference compounds: (a)
La(OH);, (b) LaOs, both containing traces of L&CO3)3, peaks

at ca. 1080cm!, (c) CrOs, (d) LaCrQ, (e) La(OH)CrQ and

(f) LaCrOs. Spectra are vertically shifted for clarity.

with XRD result showing the formation of LaCrO
phase in S4, cfFig. 1, peaks at 232, 239, 304, 334,
384 and830cm™! in the RS spectrum of S2 must
be assigned to LaCrO(cf. Fig. 8, spectrum (d)).
However, S4 is not a pure phase. The heterogeneous
S4 sample relatively often supplies spectra show-
ing many peaks in the 300-450 and 800-950¢m
spectral ranges, strongest of them are positioned at
359, 906 and 923 cnt (Fig. 9, spectrum (e)). Peak
positions and relative intensities are very similar to
the spectrum of the Er(OH)CrOcompound[33],

but differs somewhat from the published one of
La(OH)CrQy [34]. More detailed investigations show
this is sensitive against warming by laser radiation.
Spectra obtained by higher laser power levels show
broadened peaks shifted to lower wavenumbers, for
instance from 904cmt of the strongest peak for
0.5mW to 898cm? for 2.5 mW (514 nm radiation,
respectively). The process is reversible in a certain
degree. Possibly, thermal effects are the reason for
differences in published data. A spectrum obtained of
a La(OH)CrQ part of the S4 sample by an exciting
laser levels of 0.5 mW of the 633 nm radiation exhibit
peaks at 324, 339, 34359, 382, 401, 432, 790, 807,
829, 847,.861,874,906,923, 939, 959 and 966 cm.

The presence of the La(OH)Cs(phase in the S4
sample is also confirmed by XRD results, Efg. 1.

The dominating phase in the sample S3 is ascer-
tained by XRD as the perovskite like material LaGrO
cf. Fig. 1. For comparison, its RS spectrum is also de-
picted inFig. 9, see spectrum (f). In contrast to the
spectra of LaO3 and CpOgs, the one of S3 does not
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¥ the RS spectra shown iRig. 10(c)—(g)for both the
samples evidence the existence of La(@Hharac-
terized by the peaks ranged from 140 to 600¢m
and LaCrQ—by the peak appeared as a shoulder at
830cnTl. This is in accordance with XRD results,
cf. Fig. 2. But, some peaks at about 350, 864, 884,
913 and 921 cm!, marked as “x” inFig. 10, clearly
reveal that the CL samples also consist of changing
parts of LaCrOg as well as a little part of LCOg)3,

as known, usually characterized by the weak peaks at
about 1070 cm?, seeFig. 10(d), (f) and (g). More-
over, a sharp band appears at 898 ¢nn some RS
spectra of S5 and S6 samples (€ig. 10(d) and (f)).

Intensity / arbitr. units

(2)

0 Further investigations show the 898 thposition of
400 800 1200 that peak may be the result of warming of the sam-
Wavenumber / cm’” ple (see above) and, thus, suggests the peak repre-

. . . . sents the La(OH)Cr@compound. In this case, RS is
Fig. 10. Raman spectra of lanthanum—chromium mixed oxides (a) - . .
and (b) S7, (c)~(e) S6 and (f) and (g) S5 (€hble 1); marks at NIy qualified to detect little local enrichments of that
some peaks stand for La(OH)<), LapCrOs (x) and LaCrQ phase because of its high lateral resolution pfi2
(®), respectively. Spectra are vertically shifted for clarity. La(OH)CrQ, could not be found in the S5 and S6 sam-
ples by XRD, probably, due to its low concentration.
show its strongest peak suited for indication in the re-  In summary, the RS measurements reveal the forma-
gion of Me—0 valence vibrations (Me La, Cr), but tion of LapCrQg, La(OH)CrQ, as well as LaCr@in
at 147 and 161 cmt in the range of lattice vibrations.  the CL model catalysts. This is in agreement with the
Using the RS spectra presented Rig. 9 as the TPR and XPS findings showing that the predominat-
reference ones we examined the RS spectra obtainedng oxidation states of chromium in the calcined CL
for different particles of S7, S6 and S5 samples (cf. materials are Cr(VI) and Cr(V). Since the CiQa,O3
Section 2) and depicted Fig. 10(a)—(g), respectively.  model catalysts were prepared at the conditions used
As appeared, the spectra of the sample S7, (4.1)CL, for preparing CrQ/La,03/ZrO, catalysts, these find-
(Fig. 9(a) and (b)) exhibit weaker peaks at 136, 180, ings strongly suggest that such lanthanum—chromium

354, 370 and 388 crt as well as stronger onesag4, mixed oxides could also be formed as surface com-
884, 913 and 921 cnt. According to the XRD result pounds on CrQLayxO3/ZrO, catalysts. Evidencing

showninFig. 1, in S7 the phases of La(Ogipf the ba- this and examining whether it could be a reason for
sic chromate LgCrOg and, probably, of LgO3 exist. the stabilizing effect of lanthana on chromia in these

So, keeping in mind that hydroxide La(O#xhibits catalystg[7] will be the objectives of further investi-
six peaks at 140, 23284,342,452and 600 crm!, see gations.

Fig. 9(a), and crystalline L@s—three sharp peaks at

105, 192, andt06cm™1, seeFig. 9(b), the RS spec-

trum observed for S7 iffig. 10(a) and (byhould be 4. Conclusion

assigned to basic chromate JGxrOg. A similar fea-

ture shows the spectrum of the chromate of an other ¢ The calcination of a dry (NECrO4/LayOz mix-

trivalent cation, Ab(CrOs)3-H20, with the peaks at ture, prepared by immersing £@3 into an aque-
352 andg865cm 1 [35]. ous (NH;)CrOy solution, at 600C for 4 h has been
Based on the reference spectra presentdeign9 shown to lead to formation of mixed oxide com-

and on the assignment made above for the sample S7, pounds as LgCrOg, LaCrQ; and La(OH)CrQ. It

we examined the further RS spectra recorded for some is suggested that such lanthanum—chromium mixed
different particles of the mixed lanthanum—chromium  oxides could also be formed as surface compounds
oxide powders S5 ((1.0)CL) and S6 ((2.1)CL). So, on CrO,/Lap03/ZrO, catalysts.
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e The formation of those mixed oxide compounds

may take place through an acid—base esterification

of OH groups, formed on lanthana, by GO ions.

e For the first time, a Raman spectroscopic study re-

veals the RS spectrum of the compoungCeOg

exhibiting the weaker peaks at 136, 180, 354, 370 [14] International Centre of Diffraction

and 388cm?! as well as the stronger ones at 864,
884, 913 and 921 cnt.
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