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A series of gold supported mesoporous Fe-TiO, samples were prepared by the borohydrate reduction
method. Fe-TiO; (1.0, 3.0, 5.0, 7.0 wt%) was prepared by the incipient wetness impregnation method.
These catalysts were characterized by TEM, XPS, UV-vis DRS, photoluminescent spectra (PL), TPR/TPD,
BET surface area etc. A detail study has been carried out to know the effect of iron on the physico-chemical

and catalytic property of gold-titania catalyst. Iron doping influences the surface and electronic properties
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of Au-TiO;. The activity of these catalysts for CO oxidation was evaluated. We observed higher catalytic
activity of gold supported Fe-TiO; catalysts compared to gold supported TiO,. We found that the catalyst
with 5wt% of Iron was the most active catalyst. The gold supported Fe-TiO, catalyst does not lose its
activity over several hours even at 500°C, in marked contrast to Au-TiO,. Iron doping enhances the
catalytic activity of Au-TiO, as well as stabilizes the catalyst at high temperature.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Supported gold nanoparticles were reported to be very active
in a wide variety of chemical reactions like oxidation of carbon
monoxide and hydrocarbons, hydrogenation of carbon oxides and
reduction of nitric oxide. Among these, CO oxidation over oxides
supported gold nanoparticle has been most extensively investi-
gated [1,2]. The low temperature CO oxidation process has several
applications such as air purification, elimination of CO from auto-
mobile exhaust, water gas shift reaction and fuel cells. Although
supported gold catalysts are active for low temperature CO oxida-
tion, problems are found with the stability of the gold nanoparticles
against temperature and other reaction conditions. Gold nanoclus-
ter catalysts are known to deactivate with reaction time [3-5].
Many studies have been performed to stabilize the supported gold
nanoparticles and improve the catalytic activity at ambient tem-
perature. It has been found that the use of binary mixed oxides as
gold supports could provide a good solution for the stabilization
of gold nanoparticles. The gold particles can be anchored to the
support, which stabilizes them and prevents their sintering [6,7].
Qian et al. modified the surface of SiO, with a small amount of
highly dispersed CoOy and successfully synthesized highly active
Au-Co0x-SiO, catalyst, demonstrating excellent catalytic activity
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in low temperature CO oxidation [8]. Chimentao et al. reported
the gold-copper alloy catalysts, prepared by impregnation of TiO,
support and tested in the gas-phase epoxidation of propene. They
found that copper content in the catalyst contributed to an increase
in activity and selectivity to propene oxide [9]. Not all the addi-
tives showed the positive effect to the supported gold catalyst.
Ma et al. reported that CuO, ZnO, NiO, Ca0O, Ga,03, ZrO, and rare
earths additives to gold-titania catalyst are beneficial to the reac-
tion for CO oxidation, whereas MoO3 or W03 produce a negative
effect on gold stability [10]. Debeila et al. found that doping of
In, 03 to gold titania lowered the catalytic activity but increased the
resistance to sintering [11], whereas Gonzalez et al. reported that
Au-In,03-TiO, catalyst is highly active and resistant to sintering
[12].

Iron-containing catalysts are also active for CO oxidation
[13-17]. Gold and iron supported on Y-type zeolite is highly active
for carbon monoxide oxidation [18]. Guczi et al. investigated the
FeOx-Au-SiO,-Si (100) model catalyst and found that gold pro-
moted the catalytic activity of FeOy for CO oxidation [19]. Carriazo
et al. studied gold supported on Fe, Ce, and Al pillared bentonites
for CO oxidation reaction [20]. Recently Wu et al. studied the pho-
tocatalytic activity of the Au-Fe-TiO, and found that it exhibited
excellent visible light and UV-light activity. They reported that the
synergistic effects of Fe3* and Au were responsible for improv-
ing the photocatalytic activity [21]. Shou et al. found that loading
a large amount of FeOy, for CO oxidation in excess H,, enhances
the catalytic activity of 1 wt% Au-TiO, catalyst [22]. Carrettin et al.
reported that, addition of iron to gold supported TiO, (Degussa P25)
increases the number of oxygen defect sites that activate oxygen to
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form peroxide and superoxide species, which is responsible for the
better activity of the catalyst [23]. Albonetti et al. had prepared
a series of gold/iron clusters on titania support from bimetallic
carbonyl clusters and characterized to determine how the nature
of the precursors and the thermal treatment conditions affected
the dispersion of the active phase and the catalytic activity for the
decomposition of toluene [24].

In the present paper a detail study have been carried out on the
synthesis of gold supported Fe-TiO, catalysts, its characterization
and CO oxidation. The emphasis in this study is to prepare highly
stable and durable supported gold catalysts.

2. Experimental
2.1. Preparation of titania

Titania was prepared by a sol-gel method using titanium iso-
propoxide as the titania precursor at pH = 3. A measured amount of
titanium(IV) isopropoxide was placed in a beaker and 8 times its
volume of propan-2-ol added to it. This mixture was placed in an
ice bath with vigorous stirring and deionised water (preadjusted to
pH 3 using dilute nitric acid) added to it dropwise. After complete
precipitation, the gel formed was refluxed at 80 °C for 10 h, allowed
to cool, filtered and then dried at 100°C for 12 h.

2.2. Preparation of iron-doped titania

Iron-doped titania with various wt% (1.0, 3.0, 5.0, 7.0) of iron was
prepared by an aqueous incipient wetness impregnation method
using ferric nitrate as the iron source. The suspended mass was
evaporated to dryness on a hot plate while stirring and dried in an
oven at 120 °C. The prepared samples were calcined at 400 °C using
a heating rate of 10 °C/min in a muffle furnace and held at the upper
temperature for 4 h. These samples are denoted as xFe-TiO, (where
x(1,3,5 & 7) wt¥% of iron in the sample).

2.3. Preparation of gold supported iron titania

Gold (1 wt%) supported on iron-titania (xFe-TiO, ) samples were
prepared by the borohydrate reduction method. The supports were
suspended in deionised water and the required amount of dilute
HAuCly (0.01 moldm~3) added dropwise with continuous stirring.
After 2 h of addition, the pH was raised to 8.5 using 15% NH4OH
and the mixture aged for 2 h. A solution of NaBH4, freshly prepared
in deionised ice-water, was added to the mixture. The suspension
was then filtered, washed several times with warm deionised water
and dried overnight at 120°C for 12 h. These samples are denoted
with prefix Au (for example the sample with 5 wt% Fe was denoted
as Au-5Fe-TiO,). For comparison purpose gold supported iron-P25
titania (Degussa, Germany) catalyst was prepared.

2.4. Physicochemical characterization

Specific surface areas (BET) of the catalysts were measured by
the N, adsorption-desorption method at liquid nitrogen temper-
ature (—196°C) using an ASAP 2020 (Micromeritics, USA). Prior
to the analysis, samples were degassed at 200 °C for 4 h. UV-vis
DRS spectra was recorded in a UV-vis spectrophotometer (Varian,
Australia). The spectra were recorded in the range of 200-800 nm
using boric acid as the reference standard. Fluorescence measure-
ments were carried out with a Hitachi F-4500 spectrofluorometer
with a 150 W xenon lamp as the light source under photoexcitation
at 380 nm. TPR/TPD was performed using CHEMBET-3000 (Quan-
tachrome, USA) instrument in the temperature range of 40-800°C.
About 0.1 g of powdered sample was contained in a quartz “U” tube
and degassed at 250°C for 1h with ultra pure nitrogen gas. After

cooling the sample to room temperature, for TPR, H, (10%H, bal-
anced with argon) gas was flowed through the sample maintaining
a heating rate of 10°C/min to record the profile. For 0,-TPD, 5%
0, gas was flowed for 1h and profile was recorded in continuous
flow of nitrogen. Surface morphology was studied by Transmission
Electron Microscopy (FEI, TECNAI G2 20, TWIN) operating at 200 kV.
The samples for electron microscopy were prepared by dispersing
the powder in ethanol and coating the very dilute suspension on
carbon coated Cu grids. TEM images were recorded by using Gatan
CCD camera. The particle sizes were determined by using several
TEM micrographs and the IMAGE] analysis package. XPS spectra
were recorded on a VG Microtech Multilab ESCA 3000 spectrome-
ter that was equipped with an Al K X-ray source (hv=1486.6eV).
Binding energy calibration was performed with C 1s core level at
284.6eV.

2.5. Catalytic activity evaluation

The activities of the catalyst samples in the oxidation of carbon
monoxide were measured using a fixed-bed flow reactor. About
150 mg of catalyst was diluted with 300 mg of quartz and placed in
the reactor. This was pretreated in situ for 1 h at 300 °C with 5% O,
and balances helium at a flow rate of 40 ml min—! and then allowed
to cool to room temperature. The reactant gas mixture consisting of
10% CO, 5% O, and 85% He at a flow rate of 25 mlmin~! was passed
through the reactor and the effluent gases from the reactor were
analyzed using on-line gas chromatography.

3. Results and discussion
3.1. Characterization

The N, adsorption-desorption isotherms of Au-TiO,,
Au-1Fe-TiO,;, Au-5Fe-TiO, and Au-7Fe-TiO, samples are
shown in Fig. 1. A type IV isotherm and an H1 hysteresis loop
clearly indicate the mesoporous nature of the TiO,. Pore volume
(single point total pore volume of pores at P/P,=0.99) and pore
size (determined from BJH adsorption branch of the isotherm)
of the samples are given in Table 1. On increasing the activation
temperature of the TiO,, pore volume decreases and pore size
increases. This may be due to the collapse of mesoporous structure
upon calcination, which results in the shifting of pore size to
a larger mesoporous region. The BET specific surface area of
iron-doped titania samples calcined at 400°C are relatively high
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Fig. 1. Nitrogen adsorption-desorption isotherms of Au-TiO; Au-1Fe-TiO,,
Au-5Fe-TiO, and Au-7Fe-TiO, samples.
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Table 1

Textural properties of TiO,, Au-TiO, and Au-xFe-TiO, samples.
Catalyst BET surface Pore volume Pore size

area (m?/g) (cm?/g) (nm)

TiO; (as synthesized, 120°C) 625.7 0.58 2.06
TiO; (400°C) 59.0 0.13 3.6
Au-TiO, (400°C) 58.0 0.18 5.6
Au-1Fe-TiO; (400°C) 198.9 0.21 4.2
Au-5Fe-TiO; (400°C) 272.4 0.31 4.7
Au-7Fe-TiO; (400°C) 93.6 0.18 6.9

compared with the undoped sample, confirms the frameworks
of mesoporous Au-xFe-TiO, have better thermal stability than
TiO,. We assumed that, this may be due to the formation of iron
titania composite oxides, which effectively stabilized surface
area of TiO,. However there is a decrease in specific surface area
with higher iron loading, may be due to the blockage of pores
by excess iron. The pore size distribution measurement indicates
that the Au-xFe-TiO, sample have pronounced mesoporosity
of a narrow pore size distribution. Large surface area and 3D-
connected pore system play an important role in catalyst design
for its ability to improve the molecular transport of reactants and
products.

UV-vis DRS spectra (Fig. 2) demonstrate a significantly
enhanced absorption of gold nanoparticles in the visible range
at 500-600nm due to plasmon resonance. The absorption of
Au-TiO;, Au-1Fe-TiO, and Au-5Fe-TiO, was found to be at 572,
590 and 580 nm respectively. Surface plasmon resonance of metal-
lic nanoparticles depends on the particle size, shape, loading
and surrounding environment. The red shift of plasmon band of
Au-xFe-TiO, would be attributed to the different environment
surrounding the Au particles compared with that existing in the
iron-free Au-TiO,. There may be interactions between the Au parti-
clesand the Fe-TiO, support [21]. Strong absorption at 200-340 nm
is characteristic of the TiO5,

PL spectra of doped and undoped TiO, exhibited luminescence
peak at 570 nm under photoexcitation at 380 nm (Fig. 3). The phys-
ical origin of the PL may be due to the radiative recombination of
self-trapped excitons localized within TiOg octahedra and oxygen
vacancies [25,26]. PL intensity of titania was found to decrease
by gold and/or iron doping. This degree of quenching could be
related to the quantity of surface-active sites or oxygen vacancies
[27]. Modified titania showing larger quenching in the photolu-
minescence is supposed to have higher quantity of surface-active
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Fig. 2. UV-vis DRS of (a) TiO,, (b) Au-TiO,, (c) Au-1Fe-TiO,, and (d) Au-5Fe-TiO,.
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Fig. 3. PL spectra of (a) TiO,, (b) Au-TiO2, and (c) Au-5Fe-TiO,.

sites. Iron doping generates oxygen vacancies (point defects) on
metal-oxide supports, which play an important role as metal clus-
ter nucleation sites. Theoretical studies have shown that electron
transfer from defects to the Au cluster facilitates CO oxidation
[28].

The temperature-programmed reduction (TPR) profile of
Au-TiO, and Au-5Fe-TiO, samples are given in Fig. 4. Generally
titania is reluctant to reduce even at higher temperatures. Reduc-
tion temperature in presence of hydrogen is reported at 1300°C
[29]. In our experimental condition it is partially reduced to TiO,_y
by hydrogen and this process is promoted by the presence of dis-
persed metal crystallites. So the only peak in case of Au-TiO, at
420°C has been assigned to partial reduction of Ti#* to Ti3*. This
indicates that presence of gold facilitates the reduction of Ti%
species [30,31]. The partial reduction of Ti** was found to be at
lower temperature in case of Au-5Fe-TiO, The shoulder peak at
330°C, corresponds to the dehydroxylation of the TiO, surface and
also partial reduction of Ti** to Ti3*. Thus iron doping strongly facil-
itates the reduction of Ti** in case of Au-5Fe-TiO, This suggests
that there is strong interaction between metal and support. Peak at
150°C was assigned to reduction of hydroxylated Fe;03 to Fe304
(magnetite). Peaks at 480 °C and 580 °C correspond to the reduction
temperatures of the Fe3* and Fe2* states of iron [32,33]. Accord-
ing to the literature, three main reduction peaks was observed for
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Fig. 4. H,-TPR profile of (a) Au-TiO; and (b) Au-5Fe-TiO,.
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Fig. 5. 0,-TPD profile of (a) Au-TiO, and (b) Au-5Fe-TiO,.

gold/iron oxide samples with the two peaks at 150°C and 230°C
being attributed to the reduction of hydroxylated and nonhydrox-
ylated Fe,03 respectively to Fe304 (magnetite). This reduction of
Fe, 03 to Fe304 occurs at a much lower temperature compared to
that of the pure iron oxide on which this transformation has been
observed at 390 °C and 450 °C [34-36]. This indicates that the pres-
ence of gold strongly facilitates the reduction of Fe,03 species. No
reduction peak for gold was found and hence it is present in zero
oxidation state.

The temperature-programmed desorption (O,-TPD) profiles of
0O, adsorbed over Au-TiO; and Au-5Fe-TiO, samples are given in
Fig. 5. Peak at 160°C may be attributed to the O, molecules physi-
cally adsorbed on external surface and we assumed that the peak at
525°Cis due to the desorption of chemisorbed O, molecules in the
pores of catalysts. A highly intense new desorption peak at 300°C
was observed in case of Au-5Fe-TiO;, This may be attributed to the
adsorption of O, at metal support interfacial sites. Thus TPD results
reveal that the doping of iron gives rise to certain new adsorption
sites at Au-TiO, interfaces for the adsorption and activation of O,
molecules.

From TEM images (Figs. 6 and 7), it was observed that gold
nanoparticles were uniformly distributed over the TiO, surface,
with the existence of gold in the samples being confirmed by energy
dispersive X-ray spectroscopy (EDX) measurement. In the selected

Fig. 6. TEM image of Au-TiO, (inset is SAED).

Yo
S

Fig. 7. TEM image of Au-5Fe-TiO, (inset is SAED).

area electron diffraction (SAED) pattern (inset in figures), the con-
centric diffraction rings clearly reveal the presence of the {101},
{112}, {200}, and {211} planes of anatase TiO,, indicating the
highly crystalline nature of samples.

There is a decrease in the particle size of gold on iron doping.
The particle size distribution graph is well fitted by a Gaussian func-
tion and the nanocrystallite size distribution of both Au-TiO, and
Au-5Fe-TiO, samples were found to be narrow one with an aver-
age particle size of 10.0 and 7.6 nm with a standard deviation of 2.6
and 1.5 nm respectively.

Gold particles are highly dispersed on the surface of the TiO,.
These particles are attached to the surface of the TiO, by their
{111} plane, which comprises the flat surface. These contact sur-
faces provide the longest area around the perimeter interface of
the gold particle (Fig. 8). High-resolution lattice image confirmed
that the samples were oriented mostly in one direction, corre-
sponding to the {101} interplaner spacing of anatase TiO,. A set

“anatase
TiO2 {101} -

Fig. 8. HRTEM of Au-TiO,.
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Fig. 9. Au-TiO; Moire.

of {101} plane is superimposed to the other set of {101} planes.
Interference between the two sets (Moire patterns) is clearly seen
(Fig. 9).

Particle size of gold is strongly influenced by the temperature.
The particle size of Au in case of Au-TiO, at 500°C is drastically
increased (mean particle size was found to be 24nm) and found
to be non-uniform. But in case of Au-5Fe-TiO, even at 500°C it is
found to be stable (8 nm). The effect on the stability of small metal
particles by additives may be due to the creation of surface defects.
Certain modified or mixed metal oxides may have surface defects
that hinder the movement of metal particles. For an example, in
case of Au/IrO,/TiO,, in which IrO, islands sit on top of TiO, surface,
and Au particles sit on top of IrO, islands, so the migration of gold
to an adjacent gold particle is hindered by the large energy barrier
across the TiO, surface [6,7].

The O 1s binding energies was found to be at 529.6 eV, which is
assigned to bulk oxide (02~) in the TiO, lattice. The binding energy
of Ti 2p is 458.2 and 458.4 eV for Au-TiO, and Au-5Fe-TiO, respec-
tively. The peak ratio of Ti 2p3/, and Ti 2p,/, is equal to 0.5 and the
BE difference, BE=BE (Ti 2pq;) — BE (Ti 2p3;), was always 5.7 eV
for Ti#*. BE of Ti 2p of Au-5Fe-TiO, catalysts showed a slightly
higher binding energy as compared to the Au-TiO,. The XPS peak
of iron was found to be at 710.7 eV, indicating the presence of Fe
in the +3 oxidation state. The oxidation state of Au also plays an
important role in the oxidation reaction. The binding energy for
bulk metallic gold is 84.0eV and oxidized Au species is around
85.5 (Au*) and 86.3eV (Au3*) as reported in the literature [37].
The binding energy of Au 4f;/, was found at 84.3 and 83.8 eV for
Au-TiO, and Au-5Fe-TiO, respectively (Table 2). The BE of Au 4f
for Au-5Fe-TiO; is found to be lower by 0.5 eV while the BE of Ti
2p showed a slightly higher than Au-TiO,. It can be concluded that
there may exist strong interactions between Au and the support,
which may change the electronic property of Au-5Fe-TiO, [21].
This result is in good agreement with the observed red shift in the
plasmon band of Au-5Fe-TiO,.

Table 2

Binding energy (eV) of Au-TiO; and Au-5Fe-TiO, samples.
Sample Au 4f; ) Ti 2ps3)2 O1s Fe 2p;p,
Au-TiO; 84.3 458.2 529.47 -
Au-5Fe-TiO, 83.8 558.4 529.6 710.7
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Fig. 10. Activity of catalysts for CO oxidation as a function of temperature.

3.2. CO oxidation

There is a dramatic increase in the catalytic activity towards
CO oxidation for gold supported xFe-TiO, series of catalysts com-
pared to Au-TiO, and xFe-TiO, catalyst. We found that xFe-TiO,
catalyst is inactive up to 150°C. TiO, prepared by sol gel method
in the present work was found to be better active than P25-TiO,
as support. So a detailed study has been carried out with the TiO,
prepared by sol gel method. It was observed that for Au-TiO, cata-
lyst, CO oxidation starts at 80 °C, whereas the Au-xFe-TiO, samples
were active at room temperature. For Au-TiO, catalyst there is
only 7% conversion at 80°C whereas the Au-5Fe-TiO, sample
achieves 100% conversion at same temperature. We observed > 14
fold higher activity for gold supported xFe-TiO- series of catalysts
compared to Au-TiO, catalysts. It was found that on increasing
the iron doping, catalytic activity increases up to 5wt% and then
decreases (Fig. 10). From the above results we assumed that, the
optimum doping amount for the gold supported Fe-TiO, series of
samples was 5 wt%, and further detailed study has been carried out
in this sample.

The inclusion of iron had a beneficial effect on the stabil-
ity of the catalysts. Moreau and Bond [38,39] reported that the
Au-FeOx-TiO, remained perfectly stable for 50h. They are of
the opinion that the gold particles are in contact with an iron-
containing phase (such as FeO(OH)), and inclusion of iron form
oxygen vacancies at which oxygen molecule can chemisorbed,
which is responsible for the better stability and activity of the cat-
alyst. The negative effect of calcination, which converts FeO(OH)
to Fe; 03, was also highlighted in the paper. Freshly precipitated
hydroxides have previously been recommended as supports [40],
and recent work [41] shows that co-precipitated Au-FeOy catalysts
maintain their activity at room temperature.

Au-FeOx-oxide catalysts have consequently two sorts of cat-
alytic component: (i) gold deposited on the principal oxide,
probably still suffering from deactivation due to carbonate forma-
tion and (ii) gold deposited on possibly FeO(OH), which is clearly
responsible for the high activity and stability. The relative contri-
butions of these two functions will depend on the iron loading and
on the specific surface area of the support.

It was also found that the iron-doped, gold-modified titania cat-
alyst does not deactivate over several hours on time on stream i.e.
10 h. Although the Au-Fe-TiO, catalyst is active at low tempera-
ture (below 100°C), we have tested the stability of the catalyst at
high temperature (200, 300, 400, 500 °C, at each temperature cata-
lyst was run continuously for 10 h). It was found that even 500 °C of
reaction condition, the catalyst does not lose its activity (less than
5% catalytic activity lose), whereas Au-TiO; lose its activity by ca.
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30%. Experiments have carried out to know the effect of reactant
flow rate and moisture on the CO oxidation. The catalytic activity
of Au-5Fe-TiO, was studied at higher flow rate of gases mixture
i.e. 40 ml/min and observed 94% of CO conversion was recorded at
40 ml/min against 100% at 25 ml/min. It was also found that the
catalyst is also stable to moisture. Moisture enhances the oxidation
of CO, there is 100% conversion at 70°C in presence of moisture,
whereas without moisture, it shifts to 80 °C.

The promotional effect of iron on CO oxidation is due physi-
cal or textural as well as chemical (electronic) effects. Iron doping
increases the specific surface area and decreases the gold parti-
cles size of the catalyst. Examination of these catalysts by X-ray
photoelectron spectroscopy suggests that there are changes in the
binding energy of gold. It is assumed that there may exist strong
interactions between gold and Fe-TiO,, Such interactions are also
suggested by the UV-vis DRS and TPR work. Enhancement of cat-
alytic activity by the addition of iron is due to either change in the
electronic property of the catalyst or synergistic effects between
gold and iron. Iron doping generated oxygen vacancies (point
defects) on metal-oxide supports, which play an important role as
metal cluster nucleation sites. Theoretical studies have shown that
electron transfer from defects to the Au cluster facilitates CO oxida-
tion [28,42]. Creation of new adsorption sites was observed by iron
doping at Au-TiO, interfaces for the adsorption and activation of
0, molecules, which assist the CO oxidation reaction. It was found
that addition of iron stabilizes the particle size of gold. So there
must be close contact between Au and FeOy. The Au-FeO, perimeter
plays an important role in CO oxidation. If the reaction takes place
between CO adsorbed on gold or at the Au/FeOy perimeter and O
donated by FeOy, no migration of O and CO is required. This makes
the perimeter an extremely suitable locus for reaction to take place
and is associated with an increase in catalytic activity [43].

4. Conclusions

It was found that gold promoted on mesoporous Fe-TiO, have
better activity than the neat samples towards low temperature
CO oxidation reaction. Promotional effect of iron doping could be
attributed to the high surface area and large porous channel in
which CO and O, adsorption was favorable. Mean particle size
of gold in the most active catalyst (Au-5Fe-TiO,) is smaller than
Au-TiO,. We assumed that iron doping helps in creation of new
adsorption sites at Au-TiO, interfaces for the adsorption and acti-
vation of O, molecules. High surface area, large porous channel,
smaller gold particle, oxygen vacancies, new oxygen adsorption site
and strong metal support interaction could be the reason for high
catalytic activity of gold promoted Fe-TiO, catalyst as compared
to Au-TiO,, We observed that the gold promoted Fe-TiO, cata-
lyst does not deactivate over several hours in use, even at 500 °C,
whereas Au-TiO; loses its activity ca. 30%.
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