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Abstract
 Titania supported chromia catalysts have been employed for selective catalytic reduction (SCR) process

because of their higher activity and selectivity. The catalytic activity of the titania supported chromia system
is owing to the stabilization of the anchored chromia species having multiple chemical and molecular states
on the surface. In the present work an attempt has been made to prepare titania supported chromia catalysts,
from TiCl4 and CrO3 as precursors for the support and active phase respectively. Characterization of the
catalysts have been made using FTIR spectroscopy and thermo analytical techniques such as thermogravimetric
analysis (TGA), evolved gas analysis (EGA) and temperature programmed reduction (TPR). The EGA,
TGA and FTIR results indicate that the surface hydroxyl groups of TiO2 (gel) has an influence on the
chemical state of the chromium. Due to the surface anchoring, Cr+5 species have been detected on the sur-
face of the fresh catalyst which decomposes to lower valence state on calcination. EGA results indicate that
Cr+3 species having higher degree of coordinatively unsaturated centers is stabilized by gel titania as sup-
port. EG analysis and FTIR studies illustrate the coverage of the surface with similar type of sites at 10 wt.%
chromia loading. TPR studies demonstrate the presence different kinds of surface chromia species with
respect to chromia content.

Introduction

Supported chromia catalysts are widely used in
industrial catalysis for dehydrogenation, polymeriza-
tion and oxidation reactions owing to their ability of
various supports to stabilize different chemical states
on the surface [1]. In the recent years TiO2 supported
systems have drawn the attention of many workers
because of the possible oxide-oxide interaction [2]
and also due to their potential applications as envi-
ronmental catalysts [3,4]. The catalytic activity for
dehydrogenation of isobutene over CrOx/TiO2 has
been found to be relatively more active per unit sur-
face area of the catalyst [5,6]. The knowledge of the
surface characteristics of the supported chromia sys-
tem is essential in order to comprehend the dynam-
ics of their catalytic behaviour towards various in-
dustrially significant catalytic reactions. In the
present study we have made an effort to characterise
the surface properties of the laboratory synthesized
titania (TiO2 gel) supported chromia catalysts as a
function of calcination temperature and chromia

loading using spectroscopic and thermoanalytical
techniques.

Experimental

Catalyst preparation

The titania gel was prepared by the hydrolysis of
titanium tetrachloride (TiCl4). The required volume
of TiCl4 (E.Merck, GR) was dissolved in distilled
water in the ratio of 1:4 in an atmosphere of nitro-
gen. To this excess of aqueous ammonia was added
dropwise with constant stirring to maintain a pH at
7. A white gel was formed which was then filtered
and washed repeatedly with distilled water to remove
final traces of chloride ion. The gel was dried at 383 K
and finally calcined at 773 K for 24 h to form crys-
talline titania of pure anatase form. This gel used as
the support over which CrO3 was coated by impreg-
nation method. The impregnated catalysts were dried
at 393 K for 12 h and calcined at 573 K for 2 h. The
oven dried samples are referred as fresh. The differ-
ent loadings of chromia are designated as CrTi X,
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where ‘X’ refers to the amount of weight % of CrO3

loaded. Details of chemical analysis are reported else-
where [7].

Characterization of catalysts

Experimental details and the instruments used for
FTIR, EGA and TPR studies are reported elsewhere
[8].

Results and Discussion

FTIR spectra of fresh (gel) samples of CrTi 1,
CrTi 5 and CrTi 10 are given in Fig. 1. The inten-
sity of the band at 1631 cm-1 and 3400 - 3600 cm-1

decreases with increase in chromia content. The dif-
fused peak at 3400 - 3600 cm-1 is due to the surface
hydroxyl and at higher chromium content (10%) due
to anchoring of the chromia species through the sur-
face hydroxyl one finds a decrease in its intensity.
Similarly the peak at 1600 cm-1 is due to non disso-
ciative adsorption of water on titania which is also
drastically affected by the surface esterification pro-
cess (surface anchoring). Similar observations have
been made by Martin et al [9]. The intense twin fea-
tures observed at 1382 cm-1 and 1404 cm-1 are at-
tributed to the adsorption of CO2 in various modes
and it becomes a single intense peak at 10% chromia
content, showing that the surface is completely cov-
ered with similar type of sites uniformly through-
out.

Figure 2 shows the effect of calcinations on the
surface chromia species. The bands at 1004 to 1034
cm-1 (Fig 2 a) indicate the dehydration of the surface
due to chromia anchoring and the stabilization of
mono-oxo chromyl species having the oxidation state
of chromium close to +5 [10-12]. On calcination at
573 K in air, the chromia related bands disappear
(Fig 2 b) indicating the growth of lower valence states
of chromium [13]. This may be due to the instability
of chromia (Cr+6) phase and indicating a weaker in-
teraction of surface hydroxyl of the support phase.

Evolved gas analysis (EGA) profile of the TiO2

(gel) for the species of atomic oxygen (m/e = 16) are
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Fig. 1. FTIR spectra of fresh CrTi (gel) catalyst: (a) CrTi
1; (b) CrTi 5; (c) CrTi 10.

shown in Fig. 3.  It can be seen that the peak tem-
perature for the evolution of oxygen decreases (from
~625 to ~570 K) with increase in chromia loading.
This suggests that the removal of oxygen becomes
relatively facile resulting in enhanced surface de-
hydroxylation. This implies that probably the active
anchored Cr+3 species having higher degree of coordi-
natively unsaturated centers is stabilized by gel tita-
nia. This observation supports the results from FTIR.

Thermogravimetric analysis has also been used
to compute the hydroxyl density and the thermal sta-
bility of the hydroxyl groups of the supports em-
ployed using equations 1 and 2 [14] as the hydroxyl
chemistry of the supports is said to extend a signifi-
cant consequence

 

σ  (OH content)  =   × 1000 m Moles OH/g

 17 

WL0  - W LT 

100 (1)
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where, WLo = % weight loss at 1573 K and WLT= %

Fig. 2. FTIR spectra of CrTi 5 catalyst: (a) fresh; (b)
calcined at 573 K, 2 h in air.
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on the distribution of the chromium species [15].
Table 1 shows the change in the hydroxyl popula-
tion, calculated as per equation 2, as a function of
temperature. There is a drastic reduction in the hy-
droxyl density of TiO2 (gel) leading to the state of
least hydroxyl populated support among all the sup-
ports studied.

Fig.3. Oxygen evolution from the surface, as function of
temperature, for different catalysts

Table 1
Change in hydroxyl population of the supports as a

function of temperature

-arepmeT
ut K,er

poPlyxordyH lu oita ,n 01( 11 / mn 2)

OeC 2

)mmoC(
OeC 2

)NAC(
iT O2

)mmoC(
iT O2 )leG(

377 97.1 01.11 23.1 44.0

378 66.1 92.7 69.0 32.0

379 66.1 50.6 58.0 81.0

3701 54.1 07.4 28.0 61.0

3711 02.1 38.2 08.0 41.0

3721 73.0 11.1 57.0 70.0

3731 52.0 71.0 36.0 40.0

3741 41.0 01.0 32.0 10.0

In Table 2 results of temperature programmed re-
duction of CrTi (gel) are reported. Two peaks at 615
and 725 K for CrTi 5 indicate the presence of two
different types of surface chromia species. On the
other hand as the chromium loading is increased one
observes only the presence of lower temperature peak
around 615 K. The emergence of lower temperature
peak is attributed to the reduction of free chromia
and that of higher temperature is due to the anchored
chromia [16]. Thus, it may be concluded that the
anchored chromia species are stabilized at lower load-
ing and agglomeration of chromia species results on
increasing the chromium content (10 wt.%).
Conclusions

 
          σ   × 6.02 × 1020 

SBET × 1018 
mMoles OH’s/nm2 
 

σ ′ (OH population) = (2)
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The following are some of the conclusions de-
rived from the above results of TiO2 (gel) supported
chromia system:

1. The support surface is uniformly covered with
similar type of sites as chromium loading is in-
creased

2. stabilisation of monooxochromyl species having
the oxidation state of chromium near + 5 has been
detected.

3. At higher temperatures, there is a drastic reduc-
tion in the hydroxyl density of TiO2 (gel) sup-
port leading to the state of least hydroxyl-popu-
lated support among all the supports studied in
the present investigation. The lesser stability of
the hydroxyl groups and consequent weaker in-
teraction between active and support phases does
not stabilize the higher valent chromia species
with increase in temperature.

4. Active anchored Cr+3 species having higher de-
gree of coordinatively unsaturated centers is sta-
bilized by gel titania with the increase in tem-
perature.

5. Stabilisation of 2 kinds of chromia species have
been revealed from TPR studies.

Thus lower chromia loading stabilizes the an-
chored chromia species where as at 10 wt.% of
chromia content formation of bulk chromia phase is
indicated.
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Table 2
Temperature programmed reduction results of CrTi (gel)
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rC iT 5 516 543.0 427 580.0

rC iT 01 116 022.0 −−− −−−
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