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The preparation of binary materials based onGsaZrO, by a sol-gel method and with a wide
range of compositions is reported ¢Dg nominal content from 4 to 74% w/w). Materials were
characterized by X-ray diffraction, and infrared and Raman spectroscopy. Their acidic characteristics
were evaluated from the model reaction of 2-propanol dehydration and the adsorption of CO at 77 K and
2,6-dimethylpyridine at 373 K, both followed by infrared spectroscopy. Increasing tantalum content brings
about a development of a surface Tathase followed by a progressive formation of aggregates of
amorphous T#s. Increased stabilization of tetragonal zirconia was also observed with increasing Ta
loading. The surface area, number and strength 6h&ewl acid sites, and the catalytic activity in the
2-propanol dehydration increase with the increase in tantalum content up to ca. 50% y@Ow Aa
surface area of 103 hy ! was obtained for a solid with a 7@s content of 53% wi/w after calcination
at 873 K. The abundance of Brsted acid sites, determined by lutidine adsorption, and their strength,
determined by CO adsorption at 77 K, correlated with the catalytic activity in the 2-propanol dehydration.

Introduction of groups 4, 5, and 6 of the Periodic Table, but not much
attention has been paid to tantalum. However, hydrated
I11antalum oxide has shown high catalytic activities in acid-

based binary oxides to be used as catalysts or as supports i talvzed " h as th terificati f meth i
catalyst preparatiofi.® A subject of particular interest is the catalyzed reactions such as the esteriiication ot methacrylic
acid with methanol, the alkylation of benzene with ethane,

characterization of surface species that determine the acidity the i izt f 1-buteridIn the ab f wat
of solids and consequently can condition their catalytic or the iIsomerization of 1-buteréln the absence ot watef,

properties™® This aspect is related to the interest of hydraﬁed tanta_llum oxide has mainly shown Lewis acidity,

developing robust and stable solid acids with strongnBted but dBro;ls:ledbgltes vvsgre ge”g‘rated by iteamhtreatﬁ:é'ri‘[e id

acid sites to be used as catalysts and replace acids operatingf[u y of the binary Si@-Ta.0s sy;tem as shown that aci

in solution!®1! Stabilization of small tetragonal ZgQarticles ites were generated when the binary system was compared
) ylpveiiie

is also of interest because it appears to be associated witH’;:'th pure tantalum oxidé**This backﬁround led us to stu?}y

an observed increase in the surface area of binary sy&ms. e ZrQ—TaOs system. Because the preparation method

Most of the binary systems studied, to date, involve metals conditions the textural and surface properties of mixed oxides
' ' and therefore their catalytic behavior, we have adopted sol
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Much work has been devoted to the preparation ofZrO
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with the performance of catalysts in the dehydration of 25
2-propanol. 1
| | 20 - 2
Experimental Section 1

Propanol solutions of tantalum ethoxide and zirconium propoxide g 15 ]

were prepared under an inert atmosphere and mixed over an aqueous E ] ] ‘..0"' d

solution of propanol. Both solutions were added at room temperature ) ] e

by independent addition pumps, with vigorous external mechanical z 10 1 .f::,.-."

stirring. The suspension was maintained at 343 K@oh with F ] "‘

stirring and then at 298 K for 16 h. After filtration, the solids were 5] .

dried at 383 K and subsequently calcined in air at 873 K for 4 h. 1.0

The samples were labeledaZr, wherex is the nominal percent ] 4

w/w Ta,Os in the solid. 0+ T e
The chemical composition of the samples was determined using 0 20 40 60 80

inductively coupled plasma with atomic emission spectroscopy
(ICP-AES) in an Optima Perkin-Elmer 3200RL apparatus.
Nitrogen adsorption at 77 K was used to determine the BET
surface area by means of a Micromeritics ASAP9000 instrument.
X-ray diffraction (XRD) profiles were collected in a Siemens
D-500 powder X-ray diffractometer equipped with a graphite

% wiw Ta205
Figure 1. Tantalum surface density as a function of tantalum content.
Table 1. Characteristics of the TaOs—ZrO , Solids Calcined at

873 K and BET Surface Area and Volume Fraction of Monoclinic
ZrO ; Phases Determined by XRE?

monochromator and a Cu target. Diffractograms were recorded at  sample Ta0s (w/w) BET SA (n?g™?) Vimd
a step width of 0.02and by counting 10 s at each step. OMoZr 0 26 62
Raman spectroscopy was performed with a Jobin Yvon T64000  4Tazr 4.43 44 53
instrument using an Ar ion laser as an illumination source (514.5  71aZr 6.62 48 39
nm) and a CCD detector cooled to 140 K. The collection optics ?E}Z;r 13‘3;(; gl 32‘;
system was used in the backscattering configuration, and the 1g7azr 18.62 58 29
apparatus was operated in Macro Raman mode with a resolution  19TaZzr 19.15 66 21
better than 2 cmt. The laser power was 70 mW. Samples were 26Tazr 26.06 70 35
studied in the 26:1200 cnT? range. iﬂgg ig'gg g? fg
Fourier transform infrared experiments (FTIR) of lutidine 53Tazr 53.08 103
adsorption and CO adsorption at 77 K were carried out on a Nicolet ~ 74Tazr 73.85 96
Magna IR550, equipped with a DTGS detector. Infrared spectra  100TaZr 100 1

were obtained at a resolution of 4 ciby collecting 128 scans.
Samples were pressed into pellets 20 mg; 2 cnd).

For lutidine adsorption, samples were first treated under a vacuum
at 723 K for 1 h, then in @(Po, = 13.3 kPa) fo 1 h and finally
evacuated fol h at 473 K.Lutidine adsorption was carried out at
373 K (P = 133 Pa) followed by thermal desorption from 373 to

2Volume fraction of monoclinic Zr@ calculated from ref 18V, =
1.31%/(1 + 0.312Xy); Xm = 1(—111), + 1(112)/I(—111)y + 1(121)y
=+ 1(101).

generated by bubbling Ar (90 mL mi#) through a saturator
maintained at 273 KRo—propana= 1.2 kPa). Samples (86850 mg)

523 K under a vacuum. Spectra were recorded at room temperaturediluted with inactive SiC were used for each catalytic test, giving
The number of Binsted and Lewis acid sites titrated by lutidine @ catalyst bed volume of 1 mL. The products were analyzed on-
was calculated using integrated molar absorption coefficient values line with a gas chromatograph (VarianStar 3400CX) equipped with
of € = 6.8 cmumol~1 (for the sum of theis, + vey) Vibrations of a TRACER TRB-1 column and a flame ionization detector.
protonated lutidine at ca. 1640 and 1628 éjand 4.35 cmumol
(for the sum of thefg, + vgp) Vvibrations of coordinated lutidine),
respectivelyts

For CO adsorption at 77 K, self-supported wafers of samples
were introduced into a homemade IR cell, allowing in situ high-
temperature treatments and low-temperature measureth8atsples
were treated in an oxygen flow at 723 K for 15 min (heating rate

Results and Discussion

BET Surface-Areas Measurements

Table 1 shows the composition of the catalysts prepared
and the corresponding BET surface areas. Ta addition led
of 5 K min~1) and outgassed in a vacuunr fbh at 723 Kbefore toan inprease in the surfacg area up o at least 53% wiw
cooling to liquid nitrogen temperature. Ten Torr CO was then TaOs. Flgurg 1 shows thef variation in the appar'e'nt tantf’:llum
admitted, the CO pressure was progressively decreased, and théurface density as a function of catalyst composition. A linear
spectra were recorded. The same procedure was performed upoiicrease in the tantalum surface density with theGEa
re-admitting CO on the sample, and the phenomenon was fully content was determined up to ca. 20% w/wJ=s and values
reversible. around 7-8 Ta atoms per nfhwere reached for catalysts

Catalytic reaction of 2-propanol dehydration was measured in a with 15—20% w/w Ta0s. For higher TaOs contents, a new
continuous flow glass microreactor at atmospheric pressure andlinear relation was then obtained, with a lower slope. The
453 K. Prior to the catalytic test, samples were treated under Ar at jntersection of the two straight lines fits well with the
723 K and then cooled to the reaction temperature. The reaCtammonoIayer value, which had previously been determined by
mixture was a feed of argon saturated with 2-propanol vapor, XPS for TaOs/ZrO, samples prepared by incipient wetness
impregnation and in which a value of 6.3 Ta atoms7rion
7.9% w/w TaOs had been found The sol-gel method
proposed in this work for the preparation of samples led to

(16) Onfroy, T.; Clet, G.; Houalla, MMicroporous Mesoporous Mater.
2005 82, 99.
(17) Echoufi, N.; Gén, P.J. Chem. Soc., Faraday Trank992 88, 1067.
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Figure 2. XRD patterns of TeDs—ZrO, samples (444% w/w T&Os)

after calcination at 873 K. (T) Characteristic diffraction peaks of tetragonal

ZrOy; (M) characteristic diffraction peaks of monoclinic ZrO
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Figure 3. XRD patterns of several B&@s—ZrO, samples after calcination
at 1073 K.
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materials that reached the monolayer at higher tantalum Figure 4. XRD patterns of several T@s—ZrO, samples after calcination

contents and consequently showed higher surface-area val®

ues.
Structure of Catalysts. Figure 2 depicts the XRD patterns
of the samples (calcined at 873 K) with increasing tantalum
content up to 44TaZr. Only diffraction peaks corresponding
to monoclinic and tetragonal ZgOcan be distinguished.
Table 1 also shows the volume fraction of monoclinic ZrO
calculated from the intensity of diffraction lines correspond-
ing to the (-111) and (111) planes of the monoclinic phase
(20 = 28.2 and 31.5 respectively) and (101) of the
tetragonal phase @= 30.2).18 The addition of tantalum
brings about the gradual stabilization of the tetragonal,ZrO
Monoclinic ZrG, was, however, detected up to 44TaZr. XRD
patterns of 53TaZr, 74TaZr, and pure,Da (not shown)

23 K.

well-defined peaks corresponding to orthorhombicQ=a
observed. Note in Figure 3 that the more intense peaks of
orthorhombic TaOs are at & 22.8 (001), 28.3 (1 11 0),
and 36.7 (1 11 1)). From XRD patterns shown in Figure 3,
the presence of mixed oxides cannot be ruled out. Specifi-
cally, peaks at @ = 24.5, 33.9, and 38?3may correspond

to the (001), and (020), (120) reflections of the solid solution
TaZr 70 (ICDD 42-0060), whose most intense peak
appears at 2 = 30.2 and may overlap with the (101)
reflection of tetragonal Zr@ Note that all the samples whose
XRD patterns are depicted in Figure 3 are located on the
straight line with a lower slope in Figure 1. This result is
consistent with the previous findings that the crystallization

were of poor quality, probably because of the presence of temperature of T#s in TaOs—SiO, systems increases by

large amounts of amorphous;tx. However, in the patterns

150 K with respect to that of pure T@s. This difference

corresponding to 53TaZr and 74TaZr, the characteristic peakshas been attributed to an intimate mixture of the precursors

of tetragonal Zr@can be distinguished. In accordance with
the crystallization temperature of 2,12 crystalline TaOs
was formed when pure F@s was calcined at 1023 K, and

the sample showed an XRD pattern characteristic of orthor-

hombic TaOs (ICDD 71-0639). On the other hand, no
crystalline TaOs was detected by XRD after calcination of

of the binary system achieved in the preparation of the
solids?®

Samples with Tz0s content lower than 20% w/w (the
samples located on the straight line with the highest slope
in Figure 1) did not show XRD peaks corresponding to
crystalline TaOs, even following calcination at 1223 K (see

74TaZr, 53TaZr, or 39TaZr at 1023 K, and only when these Figure 4). The different behavior with respect to the
samples were treated at a higher temperature (1073 K), werecrystallization of TaOs of the samples located in the first

(18) Toraya, H.; Yoshimura, M.; Somiya, $.Am. Ceram. S0d.984 67,
C119.

(19) Chen, Y.; Fierro, J. L. G.; Tanaka, T.; Wachs, |.JEPhys. Chem. B
2003 107, 5243.

or second part of the graph in Figure 1 must be related to
the nature of the tantalum species involved, in particular,
their presence as a surface phase, their nuclearity, and their
interaction with the Zr@ support.
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Figure 5. FTIR spectra in the)(OH) region of TaOs—ZrO, samples.
19TaZe
IR spectroscopy can give valuable information about the 15Te2s
nature of OH groups on the surface of the oxides we
prepared. Figure 5 depicts the spectra of several TaZr Saze
samples in the)(OH) zone. The infrared spectrum of pure —————— T ,
Ta,0s shows the main band with maximum at ca. 3740€m 2400 2380 2360 2340 2320 2300

a shoulder at 3698 cm and a less intense band at 3591 Wavenumber fem’)

cm 1. Bands at 3777 and 3678 cinin the spectrum of pure  Figure 6. FTIR spectra of several F@s—2ZrO, samples. Spectra were
ZrO, are attributed to terminal and bridged hydroxyl groups, °btained after substraction of the Zr€pectrum.

respectivel\’*?1 The intensity of these two bands decreases
with increasing Ta content in the samples and a new band,
which can be assigned to the OH bonded to the tantalum

680cm”’

species, progressively develops at 378046 cm'.?2 That e
band could be associated with the progressive covering ofg \"w
the surface of Zr@by tantalum species. £ e

It has been reported that the stretching vibration mode of§ w
strong Ta=O bonds in an amorphous tantalum oxide N e
overlayer gives a band at 2335 ch?® Figure 6 shows this \J&
spectral region after subtraction of the contribution from 30Tarn
ZrO,. Analysis of the spectra indicates the presence of such " " " " "

(1] 200 400 600 800 1000 1200

a band for solids with a T&s content>=39% w/w. These

Raman Shift (c m* )

materials are located in the second part of the graph in F'gureFigure 7. Raman spectra under ambient conditions efJsa- ZrO, samples

1 and showed crystalline T@s after calcination at 1073 K.
Additional structural information concerning the eventual

(39-100% wiw TaOs).

presence of surface Ta metal oxide species can be obtaine@XYhydrate (characteristic band at 680 CjnIn addition to

from Raman spectroscop§Figure 7 depicts the spectrum

under ambient conditions of Fas and Ta-rich samples. The

spectrum for pure T0s shows the main band centered at
680 cntl. A broad band at 660 cni has been attributed to

Ta—O vibration of tantalum oxyhydraté. This band is

this band, the spectra of solids depicted in Figure 7 exhibit
a band centered at 86810 cm! that can be assigned to
Vanisyn{ T&—O—Ta) species in a polymeric octahedral coor-
dination!® The broad and asymmetric profile observed for
this band may indicate of the contribution of bands due to

clearly visible in the spectra of samples 53Tazr and 74Tazr. terminal Ta=O bonds in the above-mentioned surface
The 44Tazr and 39Tazr solids showed in this zone a broad SPecies. Bands at 94®80 cn™ have been related to the
and asymmetric band centered at lower Raman shift, sug-Presence of terminal FeO bonds in Zr@- and TiQ-
gesting the eventual presence of both tetragonal,ZrO supported tantalum oxide catalysts prepared by impregna-

(characteristic band at 640 cf) and aggregates of tantalum

(20) Cerrato, G.; Bordiga, S.; Barbera, S.; Morterra,S0rf. Sci.1997,
377, 50.

(21) Morterra, C.; Cerrato, G.; Di Ciero, &ppl. Surf. Sci1998 126,
107.

(22) Huuhtanen, J.; Sanati, M.; Anderson, A.; Andersson, 8ppl. Catal.,
A 1993 97, 197.

(23) Ono, H.; Koyanagi, KAppl. Phys. Lett200Q 77, 1431.

(24) Baltes, M.; Kyiivi, A.; Weckhuysen, B.; Schoonheydt, R. A.; Voort,
P. V. D.; Vansant, E. F.J. Phys. Chem. B001, 105 6211.

tion.® Figure 8 shows the Raman spectra of samples with
lower tantalum contents. Note the absence of the band
characteristic of tantalum oxyhydrate at ca. 680 tmand

the low intensity of the band centered ca. 8@0 cnr?

and attributed to polymeric Ta surface species. The bands
appearing in the 100650 cn1?! region, whose intensity
decreases with tantalum content, are characteristic of mono-
clinic and tetragonal Zr@ The Raman spectrum of tetragonal
ZrO, consists of six bands centered at 145, 268, 314, 463,
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Figure 8. Raman spectra under ambient conditions ofJsa-ZrO, samples Wavenumber (cm™) Wavenumber (cm™)

— 0,
(4-18% wiw TaOs). Figure 9. FTIR spectra of 19TaZr. (A) After adsorption of successive doses

o ) ) of lutidine at 373 K; (B) after subsequent desorption at increasing
604 (shoulder), and 639 crh?® Monoclinic ZrQ, gives rise temperatures.

to a more complex spectrum that exhibits 18 Raman-active

bands?526Up to a content of T#Ds of 44% w/w, the Raman Brongted Lewis
bilization of tetragonal Zr@when the Ta content increases.  44tazr
This agrees with the XRD experiments described above. 39TaZr

P
ot |0.01 Abs. \
spectrum of the catalysts clearly shows bands characteristic 1,0,
of both monoclinic and tetragonal Zs@see Figures 7 and \\
Development of the Acidity with Ta content: Bronsted

8). The relative intensities of the bands associated with tetrag-

Acid Strength. As noted before, the acidity of the materials —r/"\/\/\/\——

was monitored by FTIR analysis of the adsorption of lutidine M/\
15TaZr

onal and monoclinic Zr@make it possible to indicate a sta-
and CO. Lutidine is a specific probe molecule that is

appropriate to detect and quantify both Lewis andrBted ;Ioaf’

surface acid site¥:27-28From the location of theg, andvsgy OEE R T ———— —————
bands of the aromatic ring, it is possible to identify the nature 1700 1670 1640 1610 1830 1650
of surface acidic centers. Quantifications of these acid sites Wavenumber (cm)

can be achieved from the integrated molar absorption Figure 10. FTIR spectra of Tg0s—ZrO, samples after lutidine adsorption
coefficients for the protonation and coordination of lutidine, 2373 K and ulterior desorption at 423 K.

which have been recently reported for lutidine adsorbed onto 45 - - 2.5
zirconia and zirconia-supported metal oxides. 4.0 | A

When lutidine was adsorbed on TaZr samples, two 35 | 2 L 2.0
characteristic doublets arose; one of them centered at 1645 . A A—
and 1628 cm! and attributed to lutidinium species formed _ 307 L 1.5
by the interaction of lutidine with the Bnsted sites, and 3 257 ;
the other centered at 1615 and 1580 ¢rand due to the £ 20 L 10

interaction of lutidine with Lewis site&. Figure 9 shows,

as an example, spectra generated after successive lutidine
adsorptions (Figure 9A) over the 19TaZr sample and
subsequent desorptions at increasing temperatures (Figure
9B). Figure 10 summarizes the spectra obtained for several
samples after desorption at 423 K. The spectrum of adsorbed
lutidine onto ZrQ (Figure 10) shows two bands at 1612 and _ ) o _ o
1581 onm’. These bands are characterisic of lutidine F4e L1 Densiy of Biosied acd stes deterined fom uidne
coordinated to Lewis acid centers, and no'fsied acid Ta0s—ZrO, samples.

centers on Zr@ are detected. On the other hand, the

adsorption of lutidine over T®s indicated the presence of Lewis acid sites. From the spectra and the integrated molar
surface Bfosted acid sites (see bands at 1649 and 1628 cm absorption coefficients for protonated and coordinated luti-
in Figure 10). Moreover, a small band at 1615 ¢énafter dine® the density of Bfasted sitesymol/g andumol/m?)
lutidine adsorption indicates the simultaneous presence ofwere calculated. The results following desorption at 523 K
are shown in Figures 11 and 12. The density of ri3ted

(25) Ferdadez-Lpez, E.; Sanchez Escribano, V.; Paniza, M.; Carnasciali, acid sites (referred to by gram or square meter) increases
(26) ':"/émglgt‘:;f? th 'I\ggfe,{tﬁgﬁf‘a%?éééb?fi5098. with the tantalum content at least up to the sample 44Tazr
(27) Jacobs, P. A.; Heylen, C. B. Catal. 1974 34, 267. (14 Ta atom/nrfy Figures 11 and 12).
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Figure 12. Density of Brasted acid sites and activity in the 2-propanol
dehydration referred by unit surface area vs tantalum surface density on
TaOs—2ZrO, samples.
CO has bheen widely used for probing Lewis acidity and
to a lesser extent Brsted acidityt”?°In the latter case, the
weak interaction between CO and acidic hydroxyls leads to
strong vibrational changes in OH stretching vibrations due T T - T g
to hydrogen bonding. It was shown that, for zeolitic materials, 3900 3700 3500 3300
the v(OH) shift caused by the interaction can be used as a wavenumber / cm”

measure of the acid strength of hydroxffisFigure 13
illustrates the spectral development in the CO and OH
stretching regions for physically adsorbed CO on 9TaZr at
77 K as CO pressure is increased. It can be seen that there B
are at least two main different types of adsorbed CO species.
The first type is characterized by a broad and complex band
progressively shifting from 2179 to 2170 ckand attributed
to CO adsorbed on Ztssites at the surface of ZeY left
uncovered by Ta. Interestingly, this band was shown to
decrease with a further increase in Ta loading, which is
consistent with the increasing coverage of the ZsQrface
by Ta. The second type of adsorbed CO species is character-
ized by a band evolving at ca. 2154 chwith increasing
CO pressure and is attributed to CO H-bonded to polar
hydroxyls still present at the surface of the catalyst. The
development of the band at 2154 chis accompanied by
the appearance of a broad OH band at3&10 cn1! and
the decrease in the intensity of th@H) bands at 3753 and
3680 cm®. To obtain from these experiments more quan-
titative data concerning Bristed acidity, we must note two
important points: (i) In all experiments, no further major " " "
spectral changes could be observed beyond 2.5 Torr CO 2250 2150 2050
pressure. As a consequence, spectra recorded at this pressure wavenumber / cm'
were considered as characteristic of full coverage of OH by Figure 13. FTIR spectra of the 9TaZr sample after CO adsorption at
CO. (ii) The contribution of Zr@hydroxyls to CO adsorption 77 K B v(OH) region; (B) v(CO) region. The CO pressure was
: successively adjusted to 10, 5, 2.5, 1.3, 0.7, 0.4, 0.2, 0.1, 0.05, and 0.02
became negligible when Ta loading was increased.*he  Torr from spectrum a to spectrum j.
(OH) shift of the band at ca. 3750 cihcaused by CO
interaction at 2.5 Torr CO could therefore be considered in
most cases as indicative of the acid strength of hydroxyls Ta content. Clearly, only minor variations are observed for
mainly bonded to Ta species. Figure 14 shows the variation the position of/(CO) vibration with Ta content. This shows
of »(OH) shift andv(CO) of CO adsorbed on F&OH vs thatv(CO) is not very sensitive for measuring the strength
of Bronsted acid sites. In contrast, théOH) shift varies
(gg) gorma, Aii: _Figc#_ellas, C.; FRO_rngs, V. %atalljl|984 88,P3_7;- N strongly with Ta content. Interestingly this variation is small
O e, E Procsedings flom the Ninth Ineinatonl 2solie Conference. f0r low Ta content and large for @; exceeding 40% wiw.
von Ballmoos, R., Higgins, J. B., Treacey, M. M. J.; Butterworth- [t may be inferred that much stronger Bisied acidity is
Heinemann: Boston, 1993, Vol I, p 267. generated when a T@s phase is present at the surface of

(30) Ferraris, G.; De Rossi, S.; Gazzoli, D.; Pettiti, |.; Valigi, M.; Magnacca, - ’
G.; Morterra, C.Appl. Catal., A2003 240, 119. ZrO,, i.e., for TaOs content higher than 40% w/w.
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centers determined by lutidine adsorption vs Ta content. Acid centers
determined after lutidine desorption at 523 K. Reaction conditibrs
453 K, P2—propanoi= 1.2 kPa, GHSV= 5400 .
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Figure 14. v(CO) of CO adsorbed at 77 K¢tc = 2.5 Torr) onto TaOs—
ZrO, samples and the correspondinfOH) shift of the band at ca. 3750
cm~1, caused by CO interaction as a function ob@acontent.

to determine that the strength of ‘Bisted acid centers

Devolopment of the Catalytic Activity with the Tan- increases with the increase in Ta content from 15 to 45%
talum Content. For a better knowledge of the acidic surface w/w Ta0s. As stated above, an increase in tantalum content
properties of samples, we studied materials in the 2-propanolup to ca. 15-20% w/w TaOs (monolayer value) produced
dehydration reaction, which was used to evaluate propertiesthe progressive coverage of Zry surface tantalum species.
of several materials as acidic catalysts. The surface&eal For higher percent w/w T&s than 20% w/w, polymerized
acidity of several Zr@based binary systems has been tantalum species and oxyhydrate tantalum aggregates formed.
demonstrated to correlate with their catalytic behavior in The presence of amorphous,Dg aggregates in samples
2-propanol dehydration reactién. containing ca. 40% w/w T,®s is related to the increased

Catalysts were tested in the reaction of 2-propanol at strength of Biasted acid sites in these samples with respect
453 K. In all cases, selectivities higher than 95% to propene to samples with lower Ta content.
were obtained, no acetone was detected, and only small Results plotted in Figures 11 and 12 indicate that the
amounts of diisopropyl ether were observed. The results of abundance of Bmsted acid sites determined by lutidine
the propene formation rate are depicted in Figure 11 as aadsorption is directly related to the propene formation. The
function of tantalum content. ZeOand solids with low  turnover frequency (TOF) values expressed as the propene
tantalum content show negligible activity in 2-propanol formation activity per acid sifewere calculated for the
conversion. However, for a tantalum content higher than 15% TaOs—ZrO, system. The results are represented in the Figure
w/w Ta0s, a sharp increase in the activity is encountered 15 as a function of the t@s% w/w. The TOF values
up to samples with ca. 45% wiw TQ@s. increased up to a £&s content of about 30% w/w and then

Surface Structure/Acidity/Catalytic Activity Relation- remained almost constant up to pure@g(see Figure 15).
ship. Figures 11 and 12 illustrate the correlation between These facts suggest that surfacérited acid sites of 1@s
the density of Bfasted acid sites determined after lutidine 2ggregates are responsible for the higher intrinsic activity
desorption at 523 K and the activity of samples in 2-propanol Shown by the samples with a X% w/w content higher
conversion. An increase in both parameters from gOfa  than 30%; these samples were shown by CO adsorption to
content close to the monolayer value (ca—P8% wiw have Brmsted acid sites of higher strength than samples with
Ta,Os, 7-9 Ta atom/nrd) to ca. 45% wiw TaOs is  lower TaOs content.

encountered. We recall that CO adsorption experiments
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