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Chromia—alumina catalysts with 1.8 to 20 wt% Cr;0,, including samples containing additional
elements as K, Pt, and Re, were reduced in H, in the 773-923 K temperature range at atmospheric
pressure and investigated by X-ray photoelectron spectroscopy. In the Cr 2p spectra of oxidized
samples, Crt* and Cr** were detected. While Cr®~ was rapidly transformed to Cr?* in the initial
reduction phase a new chromium signal emerged after longer exposure times. This signal represent-
ing the product of Cr** reduction was ascribed to highly dispersed zerovalent chromium with
metallic band structure not formed, subject to a stabilization by the support. Signals that could be
attributed to Cr** and Cr’™* were not found in this study. With regard to catalytic experiments
reported earlier, the aromatization activity of chromia—alumina catalysts was ascribed to Cr3*

coordinatively unsaturated sites.
INTRODUCTION

In Part I of this paper (1), it was con-
firmed that the reduction of oxidized chro-
mia—alumina catalysts at 773-923 K with
H, does not stop at the Cr(III) state but
continues slowly forming chromium spe-
cies of unknown identity. These species,
which would be assumed to be Cr?* accord-
ing to the literature (2), are not responsible
for the aromatization activity exhibited by
these catalysts. The reduction of Cr(III)
was delayed but not entirely suppressed by
a water content of the reducing gas in the
order of 1 vol%. The identification—when-
ever possible—of chromium valence states
obtained by the methods used in Part I was
not unambiguous.

In view of the high efficiency of photo-
electron spectroscopy (XPS} in the charac-
terization of surface species in heteroge-
neous catalysts (3) the elucidation of this
problem was expected from an XPS study
of catalysts containing Cr,0; on Al;Os. The
reduction of these catalysts was investi-
gated in the temperature range of 773-923
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K varying the chromia content of the sam-
ples. Pt-containing systems relevant to cat-
alytic reforming were included as the for-
mation of zerovalent chromium has been
postulated for these catalysts on the basis
of indirect evidence (disappearance of DRS
lines (4), XRD of reduced CrO;/H,PtClg
mixtures (5)).

Chromium-based catalysts as well as
pure chromium-oxygen compounds have
been repeatedly studied by XPS (Al,Os car-
rier (6-8), Si0O, carrier (9-12), pure com-
pounds, e.g. (13, 14)). However, evidence
concerning species other than Cr3* and
Cr%* is conflicting; in particular, no valence
state lower than +3 has been detected on
the Al,O; carrier. This may be due to the
mild reduction conditions applied (6) and
air contact during the transfer of samples to
the spectrometer (8). On the silica carrier,
Cr* was indicated by Best et al. (10) and
well established by Merryfield et al. (11)
and Strutz (/2), confirming the tempting
parallelism that inspires interpretation of
the generally indirect evidence for low-va-
lent chromium on Al,O; in favor of Cr2*,
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EXPERIMENTAL
1. Materials

Chromia/alumina catalysts containing
2.3, 7.8, and 20 wt% Cr,0; (the latter with 4
wt% K,0) were those described in (1) (cata-
lysts Cr2.3, Cr7.8, and Cr20K4, resp.).
They were calcined in air at 823 K for 2 h
prior to use.

Additionally, two catalysts containing
platinum were used (Crl.8PtRe: 1.8%
Cr;,05, 2% Pt, 1.35% Re; Crl.8Pt: 1.8%
Cr;0s, 0.62% Pt). They were prepared by
sequential impregnation of y-AlL,O; with
H,PtClg, chromic anhydride, and ammo-
nium perrhenate. After a 2-h calcination at
773 K, they were reduced in flowing H; by
increasing the temperature from ambient to
773 K in the course of 1 h. Part of each
catalyst was kept under these conditions
for another hour, the rest was exposed to
an n-hexane/H, mixture (=1:6; 6 liters/h) at
the same temperature for 1 h. After these
treatments the catalysts were stored in air.
They will be referred to as ‘‘without coke”’
and ‘‘coked,’’ respectively. H, and Ar were
deoxygenated over MnO/Al,O; and dried
over Mg(ClQ,), (residual concentrations of
<1073 ppm O, and <1 ppm H,O (I5, 16))
immediately before entering the pretreat-
ment reactor mentioned below.

2. XPS Apparatus and Procedure

An AEI ES 200B spectrometer with AlKa
excitation (1486.6 e¢V) was used. Spectra
were recorded at a pressure of 0.5-1 x 1077
Torr, running the X-ray source at 12 kV and
16 mA. The Cr 2p spectra were accumu-
lated with a MCA ‘‘Nicolet”” and then
transferred to the PDP 11/03L computer in-
corporated in the XSAM 800 spectrometer
of Kratos Ltd. for spectrum deconvolution.
Binding energies were referred to C 1s =
285.0eV. As severe reduction may lead to a
distortion of the C 1s peak data referred to
Al 2p = 75.1 eV, the mean value for Al 2p
in nonreduced samples, are also given. The
difference is at most 0.3 eV. The overall
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charging of our (insulating) samples was in
the range of 4.5-5 eV.

The reduction of the samples was per-
formed in a special pretreatment reactor,
which was supplied with a transfer lock de-
signed for the transfer of samples in a pro-
tective gas atmosphere. This sample trans-
fer system, which permitted the transfer of
pyrophoric samples (W metal powder)
without any trace of reoxidation, will be de-
scribed in more detail elsewhere. In a typi-
cal experiment, calcined or prereduced cat-
alysts were crushed, pressed into loops of
nickel wire, and mounted on the sample
probe, which was inserted into the pretreat-
ment reactor. The sample was heated to the
desired temperature in Ar (or H; for Pt-con-
taining catalysts), reduced in 6 liters/h H,
and subsequently cooled down in Ar. The
process of attaching the transfer system to
the fast insertion lock of the spectrometer is
arranged in a way that precludes the atmo-
sphere from the interior of the system at
normal performance. Traces of oxygen that
may have possibly penetrated are confined
to the transfer lock volume by two Ar flows
from the reactor and from the fast insertion
lock of the spectrometer meeting in this
unit and being discharged from here. Thus,
after attaching the sample transfer system
to the spectrometer, the transfer lock vol-
ume was thoroughly flushed with Ar before
the sample probe was moved forward to en-
ter the fast insertion lock of the spectrome-
ter.

The deconvolution of Cr 2p spectra was
accomplished with a standard peak synthe-
sis program, in which spectra are synthe-
sized from arbitrary Gaussian singlet lines.
Constraints providing physical consis-
tency are introduced by the user. In partic-
ular, this applies to linewidths and intensity
ratios of doublets and of lines with adjacent
satellites. In our case, the Cr 2p'?/Cr 2p3?
intensity ratio was kept in the limits of 0.40
=+ 0.03 (6) for Cr(VI), and 0.55 = 0.03 (I7)
for all other chromium species.

The satellite structure of Cr(III) was
studied with samples showing the spectrum
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of Cr(III) only (short reduction at 773 K,
contact with air), with special attention to
the region between Cr 2p2 and Cr 2p*2. As
a consequence, the distance and the inten-
sity ratio between the Cr 2p¥? satellite and
the main line were kept in the limits of 4.1
+ 0.1 eV and 0.32 = 0.03 for all spectra.
The treatment of the Cr 2p!2 satellite, not
essential for the results to be discussed,
was less stringent. No satellites were as-
sumed for chromium species other than
Cr3t.

Binding energies (b.e.) were determined
with an accuracy of 0.2 eV, spacing be-
tween lines with 0.1 eV. Exceptions result-
ing from minor concentrations of the partic-
ular species are indicated by brackets.

RESULTS

Examples of Cr 2p spectra are shown in
Figs. 1 and 2, with the individual doublets
resulting from deconvolution inserted. Rel-
evant data are summarized and compared
with the literature in Tables 1 and 2.

The spectra of the oxidized samples (ex-
ample Cr20K4—Fig. 1, curve a) were read-
ily decomposed into two doublets with b.e.
and (with the exception of Cr 2.3) spin-orbit

splitting characteristic of Cré* and Cr* (Ta-
ble 1). A nonlinear background as revealed
by an extended scan in the case of Cr2.3 is,
obviously, responsible for the remaining
small inconsistencies centered at 583-584
eV (2-3% of total area in Cr7.8, 9% in
Cr2.3). A third doublet indicative of Cr**
(n= 4, 5) was not needed to synthesize the
spectra of the oxidized samples.

Extensive photoreduction of Cré was
found on repeating scans with the Cr20K4
sample. Correction was not made, how-
ever, for conversion data of Table 1, in
which higher values would be expected in
particular for Cr2.3 and Cr7.8 because of
longer exposure times. Photoreduction of
Cr3* was not observed.

Cr®* was entirely removed by a 10-min
H, reduction at 773 K, leaving the Cr3* sig-
nal only (Cr20K4—Fig. 1, curve b). When
the catalyst was reduced at 823 or 923 K for
2 h, a new line appeared (Figs. Ic and d),
with a b.e. well below that of metallic chro-
mium (574.0 eV). This line turned out to be
the 2p*? compound of a doublet present in
all investigated catalysts after appropriate
reduction procedures (Table 2; examples in
Fig. 2). In the absence of Pt the b.e. of the

TABLE 1

Binding Energies, Spin-Orbit Splitting

(in eV), Reduction Extent, and Intensity

Ratio between Cr 2p and Al 2p in oxidized samples (Compared with Literature
Data) C 1s = 285.0 eV«

Catalyst Cr(I1I) Cr(VD) Ab Iy 5
La 2
EB AEs.o, EB AEs.o.
Cr20K4 577.4 9.7 580.1 9.2 0.37 1.25
Cr7.8 577.3 9.5 579.9 9.1 0.20 0.51
Cr2.3 577.4 9.2 580.4 9.1 0.25 0.23
Cr,04/AlL0, 577.2 9.8(6) 580.6 9.16) —_ —
577.6 9.8(8) 579.7 9.2(8) — —
CrO, — — 579.1 9.1(11) — —
— — 580.3 9.1(8) — —

aAl2p =75.1 £0.1eV.
b A — Icovy
Loy + Icean

; not corrected for photoreduction.
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Fic. 1. Cr 2p spectra of Cr20K4 after different pretreatments (deconvolution inserted). (a) Oxidized

2 h at 823 K (after previous reduction); (b) pretreatment (a) +10 min reduclion at 773 K; (c) pretreat-
ment (a) + 2 h reduction at 823 K; (d) pretreatment (a) + 2 h reduction at 923 K.
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Fi1G. 2. Cr 2p spectra of samples with high reduction extent (deconvolution inserted). (a) Cr2.3,
reduced 2 h at 823 K, (b) Cr1.8 Pt, reduced 1 h at 773 K, (c¢) Cr1.8 Pt, coked, reduced 1 h at 773 K.

new 2p3? line was 571.7-572.0 eV (with an
exception of Cr7.8 R823) exhibiting a slight
tendency to lower values at higher reduc-
tion temperatures. In the presence of Pt the
new line became the main component of the
spectrum (coked samples), with a slight
shift to higher b.e. (0.4-0.7 eV). The spin-
orbit splitting of the new doublet was 9.8—
10.1 eV, with slightly lower values for the
coked Pt-containing samples.

The new doublet, characteristic data of
which substantially deviate from data avail-
able for Cr2* (11, 12), is markedly different
from the signal of bulk chromium metal as

well. We assign it tentatively to Cr(0)/
AlOs, assuming a strong influence of the
carrier on the Cr(0) species.

In the absence of platinum, the contribu-
tion of the Cr(0) signal to the overall inten-
sity of the Cr 2p spectrum, being a rough
measure of the reduction extent, decreased
with growing chromia content and in-
creased with temperature, possibly with as-
ymptotic behavior in the case of the Cr2.3
sample. With the platinum-containing sam-
ples reduction extents as high as 67% were
observed. Carbon deposits obviously take
part in the reduction: C 1s peaks of coked
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samples were found to be only slightly
higher after reduction than those of sam-
ples without coke (e.g., Ici/laiz, for
Cr1.8PtRe: coked 0.16; without coke 0.12),
while the reduction extent was significantly
increased. A similar enhancement of reduc-
tion was not observed in the absence of Pt.

The 2p*? line of Cr3* was found at 577.1—
577.6 eV. Remarkably, spin-orbit splitting
depended on chromia content both in re-
duced and oxidized samples. While the 9.4~
9.7 eV measured for Cr20K4 and Cr7.8 are
within the range expected for Cr’*, spin-
orbit splittings of 9.1-9.3 eV for Cr2.3 and
Pt-containing samples are unexpected and
make this doublet resemble the Cr(V) signal
reported by Okamoto et al. (6) (see Ta-
ble 2).

The Cr 2p/Al 2p intensity ratio of Cr,O,/
AbLO; catalysts is markedly increased after
reduction, in particular at lower chromia
content. The variation of this intensity ratio
with increasing temperature is not very pro-
nounced, the trends being suspected to be
within the range of experimental error. This
is confirmed by the K 2p/Al 2p intensity
ratio reported in Table 3, where the inten-
sity step between oxidized and reduced
samples is significant while no unambigu-
ous trend can be detected among the re-
duced catalysts.

Reduction affects also the b.e. of the K
2p line, which is shifted from 293.5 eV in
the oxidized sample to 293.9-294.1 eV in
the reduced ones.

DISCUSSION
1. Identification of New Lines

Cr(0). Though differences between the
spectrum of metallic chromium and the new
doublet with Cr 2p¥? = 571.7-572.0 eV are
substantial in respect of binding energy and
spin-orbit splitting, there is no doubt that
the new doublet originates from a zerova-
lent chromium species.

Some information about the state of this
species is obtained from the Cr 2p spin-or-
bit splitting (AE;, ) reflecting exchange in-
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TABLE 3

Influence of H, Reduction on the K 2p Line of the
Cr20K4 Sample

Pretreatment Ep (K 2p??)a Iy 5

(eV) Lai 3
Ox 293.5 0.31
R773/10 293.9 0.56
R823/120 294.1 0.51
R923/120 294.1 0.58

¢ Referred to Al 2p = 75.1 eV.

teractions between 2p and unpaired 3d elec-
trons (6). Thus, AE;, is at a maximum at
Cr3* (three unpaired 3d electrons) and a
minimum at Cr®* (no unpaired 3d electrons)
and metallic chromium (delocalization of 3d
electrons in the metallic bond). In terms of
this model, the markedly higher spin-orbit
splitting of Cr(0)/Al;0; compared to the
bulk metal reflects the absence of the metal-
lic band structure, i.e., a very high, possi-
bly atomic dispersion of Cr(0). The in-
creased reducibility of catalysts with low
chromia content supports this conclusion.
It is, moreover, in accordance with ESR
studies on reduced Cr,0,/AlL,0z catalysts
indicating (along with a decrease and
broadening of the B-signal, which is attrib-
uted to dehydroxylation (/8)) a decrease or
even disappearance of the §-signal (I7, 20)
generally ascribed to isolated Cr** ions lo-
cated on or below the Al,O; surface.

The interpretation of the unusually high
negative shift between the binding energies
of chromium metal and Cr(0)/Al,O;, which
is in contrast to many examples of noble
metals on oxidic supports as given, e.g., in
(9), is somewhat speculative at the present
level of knowledge. An influence of overall
charging is unlikely: the amount of overall
charging was the same as in the oxidized
samples and no unusual shifts, peak broad-
ening, or distortions were found with the
other lines (Al 2p, C 1s, O 1s, K 2p, Re 4f).
A contribution of local charging on the
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metal particles cannot be ruled out but
would not alone be sufficient to describe the
state of Cr(0)/Al,0;, the anomalous spin-
orbit splitting of which cannot originate
from a charging effect. Moreover, it would
remain unclear why local charging occurs
with Cr(0)/Al,O; but not with noble metals
supported on various oxidic carriers.

More likely, the observed shifts originate
from electronic and relaxation effects due
to a strong interaction between the highly
dispersed Cr(0) and the alumina carrier and
increasing the electron density at the chro-
mium atoms or improving the screening of
the vacancy in the final state. By analogy
with the alloy model of strong metal-sup-
port interaction (SMSI) suggested by den
Otter and Dautzenberg (2/) and Kunimori
et al. (22) for Pt/Al,O;, a local reduction of
the Al,0O; around the chromium particles
and the formation of small Al-Cr clusters
may be assumed.

In these clusters, charge transfer from
aluminum to chromium in the initial or final
state would cause the negative shift of the
Cr 2p binding energy, the magnitude of
which should be strongly dependent on
the number of Cr atoms participant in the
cluster and hence, at a maximum for the
highly dispersed chromium on these cata-
lysts. Interaction with other metals present,
e.g., Pt, may give rise to further minor
modifications as observed in the case of the
coked Pt-containing samples.

Unfortunately, all these conclusions
must be drawn from the Cr 2p spectra
alone; complementary evidence is not yet
available. There was not observed any sub-
stantial change of the Al 2p signal on reduc-
tion. However, at the given concentrations
of zerovalent chromium (max. 2—2.5%, re-
lated to (Cr + Al)), the detection of a peak
due to a reduced form of Al adjacent to the
intense AI** signal should be difficult any-
way. The literature on bulk Cr-Al alloys is
complex, with charge transfer in both direc-
tions claimed (23). Considerable negative
shifts of metallic core levels due to elec-
tronic interactions have been observed for
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Cu in contact with Pt (24) and polystyrene
(25) (=1--1.5 eV), for Pd on La,0; (26)
and, in our own work, for W(0) and Mo(0)
on AlLO; (—0.5--1.3eV) (27).

The reduction of Cr(IIl) to Cr(0) in the
thoroughly purified gases applied here is
not seriously contested by thermodynamics
(=0.5 ppm H,O permissible at 823 K as es-
timated from bulk-phase thermodynamic
data (28); a high degree of Cr(III) dispersion
may favor its reduction). On the other
hand, the observation made in (/) that re-
duction may proceed in H, containing 0.3-
0.4 vol% H,0 already at 773 K implies the
existence of a stabilization of zerovalent
chromium by the support or, if present, by
Pt. The strong interaction with reduced
spots of the support mentioned above may
exert a stabilizing effect. However, addi-
tional effort is required to elucidate the de-
tailed mechanism of Cr(0) stabilization.

Cr(III). Okamoto et al. (6) were the first
to find that the spin-orbit splitting of the Cr
2p doublet emerging on mild reduction of
oxidized Cr,0;/Al,0; catalysts depends on
the chromia content of the catalyst, while
the binding energy remains nearly constant.
The doublet with AE,, = 9.0-9.2 ¢V found
at low chromia content was attributed by
them to Cr’*. It was not observed, how-
ever, after a very long reduction time (10
h), or when the catalyst had been previ-
ously calcined in air at 1173 K, where the
signal typical of Cr3* was found instead.

The dependence of the Cr(III) signal in
our spectra on the Cr,0; concentration is
quite similar. We would not, however, ex-
pect the existence of Cr3* after the reduc-
tion procedures applied (e.g., 973 K, 2 h)
and ascribe the doublet with low AE,, to
highly dispersed Cr3*, probably involved in
an interaction with the carrier (e.g., via
Lewis acid centers of Al,Os), dispersion of
the chromium ions rather than their oxida-
tion state being the property reflected in the
shift of AE;,. A similar dependence of
AE;,. for the Cr(I1l) doublet on chromia
concentration is revealed for the SiO, car-
rier by a comparison of data given in (10,



146

11) (which should be justified for energy dif-
ferences, neglecting absolute values): AE,
was found to be 10.0 eV at 8% Cr/SiO;, and
9.5 eV at 1.1% Cr/SiO, (Table 2). Recently,
the same tendency has been observed for
Cr(HI) in CrY zeolites by Wichterlova er.
al. (29).

2. Surface Chemistry of the Cr,03/A1L0;
System

The trends of Cr(0) formation presented
in Table 2 coincide with the reduction ten-
dencies given in the literature (2, 30) (where
Cr?* formation is assumed) and confirmed
in the preceding paper (/). Agreement, in
particular with (/), covers the order of re-
duction extent as well, whereas some quan-
titative deviations toward higher reduction
degrees in the case of the XPS-analyzed
samples are plausible in view of differences
in reduction conditions and performance
and analytic methods. It may be concluded,
therefore, that the product of slow-stage re-
duction of Cr,0;/Al0Q; catalysts is not
Cr?*, but Cr(0)/Al,0;. This species is, how-
ever, not responsible for the aromatization
activity of these catalysts, as shown in (/).

Zerovalent chromium is also present in
the platinum-containing catalysts as antici-
pated by Kozlov (3). An interaction be-
tween the chromium and platinum, which
was found by Engels et al. (4) for reduced
CrO;-H,PtClg mixtures, seems to occur on
the ALO; carrier as well, if the extent of
Cr(III) reduction is high enough. A cata-
lytic influence of Pt on Cr(III) reduction is
likely but not yet unambiguously estab-
lished. The reduction of Cr(III) by carbon is
obviously catalyzed by Pt, in agreement
with observations made by Ott and Raub
for bulk substances in the 1100-1300 K re-
gion (31). In view of these observations and
regarding trends of reducibility with chro-
mia content, high Cr(III) reduction extents
may be expected in Pt—Cr and Pt—Re—Cr-
Al,Os systems of commercial interest (32).

The existence of Cr2*/Al,O; under the
conditions employed remains questionable
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after this study. There was not found any
indication of a line between Cr(III) and
Cr(0)/AlLO3, e.g., at =1 eV distance from
Cr(III) like the Cr(I) signals on SiO, (1)
and in CrY (29). Of course, spectroscopic
evidence can hardly result in the complete
exclusion of a species; however, coinci-
dence should be noted between our conclu-
sions and results of Przhevalskaya et al.,
who found by ESR that Cr(II) compounds
adsorbed on Al,O; were oxidized to Cr(III)
on mere evacuation at 773 K, probably by
surface hydroxyl groups (33).

The catalytic relevance of hypothetic
Cr?* species in the catalysts investigated is
questioned by a further argument antici-
pated in (/). The aromatization activity of
the previously oxidized Cr20K4 catalyst
was stable after an instantaneous reduction
process the product of which is confirmed
to be Cr3*, If traces of Cr2* possibly coex-
isting with the Cr’* determined aromatiza-
tion activity they would have to emerge in
this instantaneous reduction and undergo
no modification at further H, treatment to
explain the activity behavior observed
in (/).

The conclusions about the irrelevance of
Cr?* on ALO; seem to be in disagreement
with the formation and the low-temperature
hydrogenation activity of Cr?* fixed to
Al Os via allyl complexes, as stated by Iwa-
sawa (34). It should, however, be noted
that the reference impregnation catalyst
used in (34) showed its maximum activity at
a medium oxidation number of =3 and was
deactivated by further reduction. The un-
usual redox properties of the fixed Cr cata-
lysts disappeared after some redox cycles.
Their origin certainly needs further elucida-
tion.

Cr3*/ALO; is another species, for which
no evidence was found in our study al-
though its presence at least in the oxidized
samples would be expected according to
ESR studies of the literature (9, 20). The
XPS evidence for this species (6, 8) widely
discussed in the literature on the basis of
ESR data seems to be not indisputable, and
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further effort for its reliable photoelectron
spectroscopic characterization is needed.

3. Surface Modification during
Rapid-Stage reduction

The intensity ratios Icr2p/la5, (Tables 1
and 2) indicate that the reduction of surface
Cr®* in the oxidized catalyst involves a re-
dispersion of chromia, probably induced by
the instanteneous heat production near the
surface (I). The increase is less pronounced
in the case of Cr20K4, as the chromia cov-
erage is considerable in this catalyst any-
way resulting, for instance, in pore block-
ing phenomena (35). Surface alteration is
well reflected in this case in the substantial
increase of the K 2p/Al 2p intensity ratio
(Table 3), which is accompanied by a slight
shift of the K 2p line. Obviously, K* ions
covered in the oxidized form become *‘visi-
ble’’ after reduction. The binding energy
shift of K 2p is ascribed to a migration of
the K* ion from chromate ions to the alu-
mina on reduction in agreement with early
results of Rozengart et al. (36) who re-
ported the formation of extractable potas-
sium aluminate after a 3-min reduction of
oxidized Cr,0:/K;0/Al, 05 catalysts.

Redispersion simultaneous with rapid-
stage reduction gives a plausible interpreta-
tion to the difference in slow-stage reduc-
tion extent observed in TPR of fresh and
stabilized catalysts (/). The high Cr®* con-
tent of fresh samples would imply a more
intense redispersion resulting in higher re-
ducibility of the Cr3* formed. Similarly, re-
duction started at the very reduction tem-
perature as in the pretreatment reactor used
in this study would render a higher Cr*
dispersion and, hence, a higher slow-stage
reduction extent than the milder TPR re-
gime.

CONCLUSIONS

The slow reduction process observed
with Cr,03/AlL,0; catalysts was found to be
a conversion of highly disperse fractions of
chromia to zerovalent chromium species
stabilized probably by a strong interaction

147

with the carrier. Formation of Cr?* was not
observed on the Al,O; carrier.

The aromatization activity was ascribed
to Cr3* coordinatively unsaturated sites.
When starting from oxidized samples the
active surface is formed in an instantaneous
reduction of Cr®* accompanied by a redis-
persion of chromia on the carrier.
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