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A series of fluorine-containing aluminium borate samples with Al,03/B,03; = 3 and
HF/B,0; = 0.05-0.50 molar ratios has been synthesized by an impregnation method us-
ing NH,4F. The materials obtained are amorphous up to 840—1130 K. Their thermal trans-
formations were investigated by DTA and MSA. There are Lewis and Bronsted acid sites
present in these samples. The very strong Lewis sites are due to formation of trigonal B,
bonded with F~ on the surface of fluorine-containing aluminium borates. Dehydration of
isopropyl alcohol was used as a probe reaction to measure the acidity. The results of mea-
surements have shown that these materials were more acidic and catalytically active than
the starting aluminium borate.
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acidity

Aluminium borates and related compounds have attracted considerable attention
in heterogeneous catalysis, being grouped into classes of native borates (such as a
rare mineral jeremejevite (Als[BO3]s(OH);)) and synthetic aluminium borates that
are much more abundant [1-5]. Crystalline aluminium borates with transition metals
[6-9] possess useful magnetic and catalytic properties. For example, good catalytic
activities are characteristic of mixed catalysts on the basis of aluminium and boron
oxides [10—12]. Surface characterization of alumina-boria samples was investigated
[13]. It has been found that under hydrothermal conditions crystalline aluminium bo-
rates are synthesized [14,15], but no data on the surface chemistry of these materials
are available. Amorphous aluminium borates are acidic materials of high technologi-
cal interest in catalysis [16—18]. They possess a high surface area and microporosity,
typical for zeolites. The materials are stable up to 1073 K and exhibit both Lewis and
Bronsted acid sites. One of the limitations of these compounds is considered to be
their lower catalytic activity (for example in an alcohol dehydration) in comparison
with y-Al,Os. Obviously, the improvement of catalytic properties of the amorphous
aluminium borates would expand their practical application.

* Author for correspondence.
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Recently, a new class of halogen-containing aluminium borates has been hydro-
thermally synthesized [19-24]. The materials exhibit a unique three-dimensional
framework structure, consisting of space units built up by trigonal and tetrahedral bo-
ron ions (B*") and octahedral aluminium ions (AI’"). The fact that the novel alu-
minium borate structure involves such components as halogen anions (F~, Cl', Br)
results in useful catalytic properties and peculiar surface acidity. These characteris-
tics are subject of research at our laboratory, and the results achieved when studying
one of such compounds, namely aluminium-boron oxofluoride, have already been
described [23]. In the structure of this compound there are strong Lewis acid sites and
base sites, which exhibit a high activity in the reaction of dehydrogenation of
isopropyl alcohol to acetone. In our opinion, the most promising acid-base properties
are characteristic of a number of halogen-containing aluminium borates and first of
all of fluorine-containing compounds.

This paper reports results on the synthesis of fluorine-containing amorphous alu-
minium borates. The thermal stability of these substances is examined in detail in
comparison with the starting aluminium borate. Of particular interest is the relation
between the surface structure of the compounds and their catalytic activities.

EXPERIMENTAL

Synthesis. Aluminium borate samples were synthesized as described in [18]. A mixture with the mo-
lar composition 3A1,05:1B,0;:3.5glycerol:30H,0 was prepared from Al(NOs);-9H,0, boric acid, glyc-
erol, and water. Dissolution of the ingredients at room temperature led to formation of a single liquid
phase. When the aqueous solution was heated to 363 K, reactions between its components took place,
leading to a white solid substance. This synthesized compound will be denoted as the starting aluminium
borate (AB). It was heat-treated in air at 450 K for 1 h and at 673 K for 0.5 h in order to attain oxidation of
the organic reactants and a more complete removal of nitrogen oxides. The aluminium borates synthe-
sized were modified by fluorine anions (F") in the following procedure: The starting sample was
impregnated with an aqueous solution of ammonia fluoride (NH4F) for 20 h at room temperature and dried
at 383 K. The F~ concentration varied over a wide range, governed by the NH4F:B,0Oj; ratio from 0.05 to 3.
Depending on the solution concentration, the pH values of the reaction mixture ranged from a neutral
pH = 6.8 to a basic pH = 7.5-8.6. The reaction that takes place is:

A13806 + nNH4F —> A]}BOﬁf,z/zF,, + I’ZNH3 + (n/Z)HZO (1)

The results of the synthesis of the fluorine-containing aluminium borates and the chemical composition of
the solid products are summarized in Table 1. The sample with the molar ratio A1,0;:B,03=3:1 was cho-
sen because of its high surface area (more than 400 m* g '), the most narrow pore-size distribution, and
other characteristics that make it a typical representative of amorphous aluminium borates.
Characterization methods. DTA was performed on a Q-1500D thermogravimetric analyzer with a
heating rate 10 K min™' from 298 to 1273 K. X-ray powder diffraction (XRD) patterns were recorded on a
DRON-2M diffractometer (Co Ko radiation). Surface area was determined by BET of N, at 77 K. Infrared
spectra were recorded at room temperature on a Perkin-Elmer 325 spectrometer using a KBr pellet at a
resolution of 2 cm™'. For the acidity study, the samples were pressed into a self-supporting wafer and evac-
uated at 573 K for 0.5 h in a quartz cell. After cooling to room temperature the adsorption of probe mole-
cules (pyridine, deuteroacetonitrile (CD;CN) and benzonitrile (PhCN)) was performed by exposing the
samples for 0.5 h. The spectra were recorded for the samples treated for 0.5 h at various temperatures. The
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adsorbates were used after repeated freeze-pumpthaw cycles. The IR experiments were carried out under
similar conditions to enable a correct comparison between corresponding concentrations of the acid sites.
The surface acidity was studied by temperature-programmed desorption of ammonia (TPD of NH3) and
temperature-programmed reaction (TPR) of dehydration of isopropyl alcohol to propylene with a mass
spectrometric control, according to the following procedure: a sample of about 4-6 mg was placed in a
quartz cell that is evacuated at 573 K. Adsorption of NH; and isopropyl alcohol was carried out at room
temperature with the subsequent evacuation. The temperature was raised from 293 to 873 K with a linear
heating rate of 10 K min"'. To monitor the desorption products leaving the sample, the effluent was ana-
lysed for the presence of NH; (m/z =17 amu) and H,O (m/z = 18 amu). In the case of the TPR technique,
the decomposition products of propylene (m/z =42 amu) and acetone (m/z =43 amu) were recorded. The
spectra were normalized to the same conditions.

Table 1. Synthesis parameters, composition and surface area of solid products.

Compc?sitioq of the F cont.ent XRD. analysis N, surface
Sample reactlog mixture of solid of solid product area / m> g—l
(molar ratio), HF/AB product/wt.%
AB - - Amorphous 314
ABFO005 0.05 <1 Amorphous 304
ABFO01 0.1 ~1.5 Amorphous 258
ABFO05 0.5 5 Amorphous 225
ABF1 1 9 Amorphous 200
ABF2 2 16 Amorphous + (NH,4);AlFg —
ABF3 3 23 Amorphous + (NH4);AlFg +AlF; -
RESULTS AND DISCUSSION

Thermal properties. The DTA runs on all amorphous fluorine-containing alu-
minium borates show one endothermic and two exothermic peaks. The thermograms
recorded for AB, ABF005,and ABF1 are presented in Fig. 1. The endothermic peak at
413-438 K can be attributed to desorption of physically sorbed water. Going from
ABFO005 to ABF1 the intense peak of the first exotherm occurred between 573 and
633 K gradually increases. In the case of the aluminium borate without F™ in its struc-
ture, this peak is not observed. The position of the maximum of the second exothermic
peak at 840—1130 K varies significantly, depending on the sample composition as
shown in Fig. 2. With the increasing content of F~, the temperature maximum (7,,,,) is
shifted by 300 K towards lower temperature and the thermal effect diminishes (Fig. 1).
It should be noted that in the case of low contents of F~ the exothermic maximum posi-
tion changes slightly.

XRD analyses of all samples allow us to assign the high-temperature exothermic
effect to formation of a crystalline phase of aluminium borate. Fig. 3 gives the X-ray
powder diffraction patterns of the ABFO1 as synthesized and calcined at different
temperatures. The X-ray pattern of the sample treated at 573 K for 1 h does not show
any diffraction peaks, typical for amorphous materials. After calcination of the speci-
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Figure 1. Differential thermoanalysis curves for AB (1), ABF005 (2) and ABF1 (3).

men at 1123 K, the XRD analysis presents a crystalline phase. In the case of mixed ox-
ides of aluminium [25] the formation of a crystalline phase takes place between
1073-1173 K as it was the case for our starting material.

Fig. 4 shows TG-TPD patterns for ABFO1. The thermal analysis results indicate
that the amorphous fluorine-containing aluminium borates have three main stages of
mass loss as well as three thermal effects. The desorption mass spectrometric analysis
of'the gas phase over the fluorine-containing samples at elevated temperatures shows
that the main components of the decomposed products are H,O, (BOF);, and HF.

The TPD profile of H,O for the samples in the 300-473 K range exhibits a broad
peak corresponding to the first mass loss in its TG curve. With the increasing content
of F~ in the aluminium borates, 7,,,, of the H,O desorption is shifted by 40 K towards
the high-temperature region in comparison with the starting specimen. The TPD pro-
files of H,O (Fig. 4) show also a desorption peak at 653 K. On the basis of our IR ex-
periments on the physically sorbed H,O0, it is evident that its subsequent desorption
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Figure 2. Effect of the fluorine content on the temperature of transitions from the amorphous state to
crystalline state for the starting aluminium borate and fluorine-containing samples.
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Figure 3. X-ray patterns for ABFO1 heat-treated at different temperatures: 300 K (1), 573 K (2),
1123 K (3) and 1273 K (4).

from the samples was controlled by the vibration band of water molecules at 1640
cm'. The band disappeared after the sample evacuation at 473 K for 0.5 h. Conse-
quently, this water was formed as a result of dehydroxylation. The hydroxylated form
of the materials is converted to the oxide form.

The second peak of mass losses for all the fluorine-containing samples is ob-
served in the 573—623 K range. The TPD spectra of (BOF); have a T, of about 663 K
(Fig. 4). This peak of mass losses is assigned to the release of (BOF); occurring with
the exothermic effect. The formation of BF; (m/z = 49 amu) was not detected. The
X-ray powder diffraction pattern of the ABFO1 calcinated at 573 K shows it to be an
amorphous product. Though the fluorine-containing aluminium borates are partially
destroyed at about 573 K, the amorphous state of the samples is preserved.

The TG curves, recorded only for the fluorine-containing aluminium borates, re-
veal the last distinct mass loss at 833—1133 K. The transformation of the samples oc-
curs during the course of crystallization of the fluorine-containing compounds. The
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Figure 4. TG curve for ABF01 (@) and corresponding TPD profiles for HF (m/z =20 amu) (1), H,O (m/z=
17 amu; at a 1:20 scale) (2) and (BOF); (m/z = 46 amu) (3).

crystallization of the starting aluminium borate is not accompanied by a mass loss and
seems to take place due to the absence of F~ in the structure of the sample. During the
crystallization of the fluorine-containing aluminium borates at high temperatures, the
mass loss can be interpreted as formation of gaseous boron-containing products. It is
known that the reaction

2A1F3 + B203 = 2BF3 + A1203 (2)

is reversible. Above 773 K the reaction leads to formation of BF;. It is evident that
above 773 K the fluoride anions, that form covalent bonds with AI**, enter into a reac-
tion with B,0O; leading to volatile compounds of boron. The influence of thermal
treatment on the structure of the fluorine-containing aluminium borates was studied
by IR. Fig. 5 shows the IR spectra of ABFO01 after the calcination between 373—-1273 K
range for 2 h. The spectra were recorded using pressed disks of KBr. It is seen that the
fluorine-containing samples have an IR spectrum, which is similar to that observed
for the region of skeleton vibrations of the starting aluminium borate. The poorly re-
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solved absorption bands near v,; = 680 cm ! and v, = 580 cm ! are characteristic of
Al*" in an octahedral environment, and an absorption band at 700-850 cm ' indicates
the presence of tetrahedral AI’* ions [26]. The *’A1 MAS NMR data of [18] corrobo-
rate the above conclusion about the IR spectrum features. In the structure of the
amorphous aluminium borates exist also five-coordinated atoms with a resonance ob-
served at 30 ppm. According to [16], this signal is related to a structural fragment of
Al(OB), of four-coordinated AI’". The bands at 14501240 cm ™' and at 1200-900
cm ' for the stretching vibrations of B** are characteristic of trigonal and tetrahedral
boron respectively [17,26,27]. In addition, with increasing temperature of the treat-
ment of ABFO1, one can observe the following changes in the IR spectra: (i) redistri-
bution of intensities of the absorption bands of trigonal and tetrahedral B*"; the
absorption attributed to the first group of ions decreases, while the absorption as-
signed to the second group is not changed; (ii) splitting of the bands ascribed to AI**
ions that are seen to exist in the different coordination states.

-—— adsorbance
he)
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Figure 5. IR spectra for ABFO1 heat-treated at different temperatures: 373 K (1), 773 K (2), 1123 K (3)
and 1273 K (4).
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Surface characterization. In order to characterize the adsorption sites of the alu-
minium borate surface, the IR spectra have been examined for changes related to
pyridine adsorption. The spectrum of the original sample, outgassed at 673 K, show a
band at 2348 cm ' that has been assigned to CO, introduced into the particles during
the preparation. In the 1530—1200 cm ' region the transmission is negligible, due to
stretching vibrations of the trigonal B*". First of all, an attempt has been made to con-
sider the spectra in the 1540—1650 cm ™' region. It should be noted that the identifica-
tion of Lewis acid sites (L-sites) in the presence of Bronsted acid sites (B-sites) in the
1450-1460 cm ™' region is usually performed using pyridine as probe molecules, be-
cause otherwise some errors in the interpretation of the spectra can arise [28].

After the adsorption of pyridine, the IR spectra of all the aluminium borates ex-
hibit adsorption bands at 1545, 1590, 1608, 1618, and 1640 cm . After the vacuum
treatment of the samples at room temperature, the band at 1590 cm ™' disappears, it is
therefore assigned to physically sorbed pyridine. The narrow intense bands at 1545
and 1640 cm ™' are due to the vibrations of pyridinium ions, which points to the pres-
ence of B-sites. The bands at about 1608 and 1618 cm ™' are assigned to pyridine mole-
cules coordinatively bonded at L-sites of two types. The spectrum of pyridine
adsorbed on the starting aluminium borate has been discussed elsewhere [17].

With the view of conducting a more detailed investigation of the L-sites of the
synthesized samples we used CD;CN and PhCN as probe molecules. Nitriles are
known to interact with strong B-sites to produce only hydrogen bonds [29]. They are
widely used for identification of L-sites. In our opinion, PhCN has an advantage over
CD;CN, because the intensity of its vcy band is higher than that in the aliphatic
nitriles [28,30].

The spectra of CD;CN adsorbed on the starting aluminium borate and on ABF1
are similar. In the CN spectral region there are four bands, namely at 2270, 2300,
2310,and 2348 cm . The band at 2348 cm ™' is due to CO, and thatat 2270 cm ' is at-
tributed to physically sorbed CD;CN (the band disappears after the evacuation of
the samples at room temperature). The bands at 2300 and 2310 cm ™' are caused by
the interaction of CD;CN with L-sites. These two bands are related to the L-sites,
whose type is identical to that identified when conducting the above-described ex-
periments with the pyridine adsorption on the corresponding samples. The spectra
recorded in the case of the PhCN adsorption at room temperature on all the synthe-
sized samples are compared in Fig. 6. The spectra of the fluorine-containing sam-
ples differ from those recorded on the CD;CN adsorption. The spectrum of the
starting aluminium borate, after the PhCN adsorption, has four bands, as in the case
of the spectrum for the CD;CN adsorption. The bands at 2298 and 2310 cm ™' are due
to the interaction with two types of L-sites. Simultaneously in the spectrum of the
ABF1 after the PhCN adsorption five bands exist (Fig. 6). In addition to the bands
attributed to CO, and physically sorbed probe molecules, there are very well-
resolved bands at 2302,2315,and 2336 cm . Such a difference can be interpreted in
terms of the fact that the band for the CD3;CN adsorption on new L-sites is obscured
by the CO, adsorption band at 2348 cm ™. Thus, the fluorine-containing aluminium
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borates have three types of L-sites on the surface. All the spectroscopic data are sum-
marized in Table 2.

Itis evident that the above-described L-sites can appear on the surface of the syn-
thesized samples only in the presence of coordinatively unsaturated Al** and B*". It
has already been shown that the samples contain five- and four-coordinated Al’** and
three-coordinated B**. In the adsorption of PhCN the bands at 2300 cm ™' and 2310
cm’' can be related to L-sites of five- and four-coordinated Al’" respectively. The
three-coordinated B*" in the environment of oxygen anions do not possess the prop-
erty of L-sites observed in the case of the reaction with such bases as pyridine
(CsHsN), deuteroacetonitrile (CD;CN) [17,20,22,24]. Before the reaction with pyri-
dine, trigonal B> ions are situated on the plane defined by their neighbouring oxygen
atoms, because this position is most advantageous [31]. When interacting with
pyridine, these ions should move to tetrahedral three-dimensional positions. Since
B*" ions are rigidly fixed in the aluminium borate matrix, such a structural transfor-
mation seems to be energetically unfavourable.

~— adsorbance

2400 2300 2200 2100
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Figure 6. IR spectra for PhCN adsorbed on AB (1), ABF005 (2), ABFO1 (3), ABFO5 (4) and ABF1 (5).
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Table 2. Adsorption bands of PhCN coordinatively bonded on surface of samples and suggested L-acid sites.

Sample Bands of PhCN coordinatively bonded/cm™!

AB 2296°, 2310

ABF005 23007, 2310°, 2330°

ABFO01 2300% 2311°, 2330°

ABF05 2302% 2315° 2335°

ABF1 23027, 2315, 2336°
Suggested L-acid sites: * - 5-coordinated AL*",° — 4-coordinated AI**, ¢ — 3-coordinated B*" in F~
environment.

The strength of L-sites can be evaluated on a relative scale of the absorption band
shift [32]. The larger is the shift, the stronger is the interaction of sites with the probe
molecules, and, hence, the higher is the strength of the corresponding L-sites. The
bands at 2330-2336 cm ™' of the adsorbed PhCN should be related to acid sites that are
stronger than the coordinatively unsaturated Al’*. Fluorination of the starting alu-
minium borate leads to formation of new acid sites, and on the basis of the shift of the
absorption band for PhCN (Av = 70-76 cm™') they can be assigned to three-
coordinated B** bonded with F .

With the increasing F~ content in the samples, the IR spectra of the adsorbed
PhCN (Fig. 6) exhibit the following changes: (i) sharp decreasing of the absorption of
the coordinatively bonded PhCN at ~2300 and ~2310 cm™'; (ii) increasing of the ab-
sorption of PhCN at 23302336 cm '; (iii) shift of the position of these bands towards
the high-frequency region.

The observed changes in the number and strength of L-acid sites can be explained
by the following factors: It is evident that F~ acts as a base, whose reaction with acid
ions 4- and 5-coordinated Al’" leads to addition of HF and completion of the con-
structing of coordination spheres of unsaturated AI’*. As a consequence, the number
of L-sites decreases. 6-coordinated AI’" do not form coordination complexes with
benzonitrile and pyridine [17]. For samples with the higher contents of F~ the concen-
tration of L-sites of B*" substantially increases (Fig. 6).

The substitution of fluoride anions for OH™ affects the acidity of remaining acid
sites of Al,O; [28,33]. Similar changes have also been observed in the acidity spec-
trum for fluorine-containing aluminium borates. Upon the substitution of fluoride an-
ions for surface OH™ of aluminium borate the acceptor strength of L-site increases,
which is attributed to a more strong shift of the electron density from AI** to F~ and
which manifests itself in the IR spectra for the adsorbed PhCN (Fig. 6), with the band
of absorption of the coordinatively bonded probe being shifted by 5-6 cm ™" into the
high-frequency region. These observations can be explained by an increase in the
number of fluorine atoms neighbouring with AI** and B** in both the short-range and
long-range coordination spheres. It should be noted that it is the application of PACN
but not CD;CN as a molecular probe for samples with absorption bands in the CN re-
gion that allowed us to detect new L-acid sites.
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Thus, with increasing F~ content in the samples, the concentration of the AI’*
L-acid sites decreases, while the concentration of the B> L-sites increases. Owing to
the high electronegativity of fluorine, the strength of the all L-sites of fluorine-
containing samples increases, which affects the catalytic properties.

The temperature-programmed desorption of NH; is known to be widely used to
measure the acidity of solid catalysts [34,35]. Our experiments have shown that the
TPD spectra for amorphous aluminium borates are not informative. Because of the
amorphous state of samples, their TPD peaks are strongly broadened and desorption
of NHj; is observed up to 573 K. In view of this fact our investigation of surface
acid-base sites and estimation of catalytic activity of the samples synthesized [35,36]
were carried out by the TPR method for dehydration of isopropyl alcohol. The results
achieved corroborated the presence of acid sites on the surface of all the samples. In
addition, no formation of acetone over the catalysts was observed, as one would ex-
pect in the case of the presence of strong basic sites [37]. Besides, we have also stud-
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Figure 7. TPR profiles for releasing of propylene in the case of AB heat treated at different temperatures:
373K (1),473 K (2), 673 K (3) and 773 K (4).

ied the influence of thermal treatment of the starting aluminium borate on its catalytic
activity. The corresponding spectra of dehydration of isopropyl alcohol are presented
in Fig. 7. It is seen that the spectra of samples thermally treated at 373 and 473 K are
similar (in both cases T, = 503 K). The highest intensity of the propylene release is
observed for the sample thermally treated at 673 K, with 7., being shifted by 30 K
into the low-temperature region. The spectrum of the sample treated at 773 K exhibits
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marked changes: it is strongly broadened, and the intensity of the release of propylene
decreases. Therefore, the most appropriate temperature for thermal treatment of
amorphous aluminium borates as catalysts is 673 K.

From the TPR spectrum of the starting aluminium borate it is evident, that the
width of the propylene release interval is 100 K and T,,,, =473 K (Fig. 8). The TPR
spectra for fluorine-containing samples display more intense peaks with 7., from
403 to 453 K. With the increasing F~ content in the samples, T, is shifted towards the
low-temperature region (from 453 K for ABF005 to 433 K for ABFO1 and ABFO0S5 and
to 403 K for ABF1) (see Fig. 8). The introduction of F~ into the structure of the sam-
ples leads to a shift by 20-70 K in T, of the reaction of dehydration of isopropyl al-
cohol. The TPR spectrum for ABF005 provides evidence for a slight increase in the
propylene release intensity. From the spectrum for ABFO1, that possesses the highest
catalytic activity, it is seen that the propylene release intensity of this sample is about
ten times larger than that of the starting aluminium borate. In other samples, this in-
tensity gradually decreases but, nevertheless, it remains higher than that characteris-
tic of the starting aluminium borate. It should be noted that the aluminium borates
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Figure 8. TPR profiles for dehydration of isopropyl alcohol in the case of AB (1), ABF005 (2), ABFO1
(3; ata 1:2 scale), ABF05 (4), ABF1 (5) heat-treated at 673 K
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under investigation are active also in the reaction of dealkylation of cumene, with
T,.x for the benzene release being equal to 783 K and 893 K.

According to the IR spectroscopy data for pyridine adsorbed on the synthesized
aluminium borates, the concentration of surface B-acid sites is insignificant, there-
fore, the differences in the catalytic activity of these substances can be related mainly
to changes in their L-acidity.

Our studies of the catalytic activity of aluminium borates give evidence that in
comparison with the starting amorphous aluminium borate the catalytic activity of
ABFO00S5 in the reaction of dehydration of isopropyl alcohol increases slightly. Due to
the small content of F~ in the sample, the structure of acid sites changes insufficiently,
so that the influence on the activity of the material is limited. The highest activity of
ABFO01 is observed in the alcohol conversion (Fig. 8). This can be explained by an in-
crease in the strength of L-sites, as well as by a small decrease in their number (see the
discussion of the IR spectroscopy experiment). The catalytic activity of ABF05 and
ABF1 is smaller, due to some decrease in the concentration of surface L-sites Al**
(Fig. 6). It is also evident that in the case of the fluorine-containing samples 7, for
the propylene release is shifted into the low-temperature region, because of the total
increase in the fraction of strong L-acid sites.

CONCLUSIONS

Impregnating aluminium borates with NH4F one can synthesize amorphous fluo-
rine-containing aluminium borates with a high surface area. The amorphous materi-
als of this type with a large content of F~ (> 10—15 wt.%) cannot be prepared. With the
increasing F~ content in amorphous samples, the temperature of their crystallization
is decreased. The IR spectroscopy study of adsorption of pyridine on the surface of
aluminium borates shows the presence of L- and B-acid sites. The Bronsted acidity
seems to be due to B-OH groups and F, as it was the case for fluorinated Al,0; [33].
Lewis acidity is attributed to coordinatively unsaturated A’ and B*" (in the F~ envi-
ronment). The activity of the fluorine-containing materials in the reaction of dehydra-
tion of isopropyl alcohol is higher than that in the case of the starting aluminium
borate. It is evident that the high catalytic activity of fluorine-containing catalysts
may be explained by introduction of F~ into the aluminium borate matrix. Acid-base
properties of the aluminium borates synthesized can be adjusted by varying the con-
tent of F~ in the samples. The results achieved provide evidence for the fact that sam-
ples whose F~ content amounts to 1.5-3.0 wt.% should be the most active catalysts.
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