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ABSTRACT

Surface basicities of various modified y-aluminas, used as supports in the preparation of
metallic catalysts, were measured by a thermometric method. This technique allows the
quantification of the modification of basic sites of y-Al,O, after pretreatment with KOH or
HNO;. For y-Al,0; pretreated with KOH a change occurred in the characteristics and
number of the weaker basic centres, while the stronger basic centres remained unchanged.
Some surface basic centres remained in v-Al,O, pretreated with HNO,.

INTRODUCTION

Solid acids and bases are extensively used as catalysts or catalyst carriers,
and the determination and controlled modification of their surface acidic or
basic properties are subjects of continuous interest [1-5]. The determination
of basic centres has been described much less frequently than the titration of
acidic sites. The study of solid base catalysts has been concerned with the
interpretation of their catalytic action in several processes [6—8]. The study
of acid-base bifunctional catalysts and, consequently, the simultaneous
estimation of their acidic and basic centres is a very interesting subject [3].

In previous investigations we have reported that a suitable acid treatment
of inorganic solids may bring about the formation of new surface acid sites
of various acid strengths [9,10]. Recently, we have optimized the conditions
for thermometric titration of the surface acidity of several acid-modified
v-Al, 0O, and silica—magnesia samples [11,12]. The thermometric method has
successfully been applied in the simultaneous determination of the acidity
and basicity indices of crude oil and petroleum derivatives [13,14].

In this paper we report the modification of the surface basic sites of
several samples of y-Al,O, by basic treatment. A quantitative determination
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of the concentration of basic sites has been achieved using the thermometric
method. The concentration of basic sites in several acid-modified y-Al,O,
samples is also discussed.

EXPERIMENTAL
Equipment and reagents

The equipment used for the thermometric titration has been described
previously [15]. It consists of a nylon adiabatic cell, a fast response thermis-
tor of the thermometer type with a nominal resistance value of 100 kQ at
298 K, a very efficient stirrer and a burette entrance to add the titrant. The
equipment is completed with an autoburette Radiometer ABU 12, a recorder
and a Wheatstone bridge. The e.m.f. for the Wheatstone bridge is supplied
by a 9.45 V stabilized source. This temperature monitoring system is a
modification of the apparatus of Lumbiarres et al. [16].

A stock standard solution of 0.25 M benzoic acid in toluene was prepared
as titrant.

Modified y-Al,0O, samples were prepared from Girdler y-Al,O, with a
BET surface area of 188 m? g~ ! and a pore volume of 0.39 cm® g~ .

All the chemicals were of analytical grade and the solvents were distilled
and stored with molecular sieves under dry argon.

Procedure

v-Al,O, samples (4.5 g) were treated with distilled water (60 cm’) at pH 7
for the neutral alumina (NA) sample or with standardized solutions of KOH
(60 cm®) at various concentrations for the basic alumina (BAx) samples,
where x is the number of mmoles of OH ™ added to the solution per gram of
solid. Suspensions were stirred for 12 h at room temperature, filtered,
washed with distilled water and dried in vacuum at 393 K for 16 h prior to
thermometric titration.

Acid-modified y-Al,O, samples (AAx, where x is the number of mmoles
of H* per gram of y-Al,0, added in the pretreatment) were prepared as
reported elsewhere [9].

v-Al, O, samples (about 0.7 g) were suspended in 70 cm’® of toluene and
were introduced into the adiabatic titration cell. Once homogeneity and
thermal stability had been reached, the titrant was added from the auto-
burette at a constant flow of 0.575 cm® min~!. The thermometric curve was
registered at 2 cm min~! and a sensitivity of 50 mV, corresponding to 0.02
K cm™.
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RESULTS AND DISCUSSION

The concentrations of the surface basic sites of the following pretreated
v-Al,0O; samples, NA, BA0.25, BAl, BAS, AA0.5, AA2.5 and AAS, were
determined from the thermometric curves obtained by titrating the samples
with benzoic acid solution as stated in the experimental section.

Figure 1 shows the thermometric curve from titration of the NA sample.
Two perfectly defined inflection points (A and C) can be seen, which divide
the curve into three portions. The first straight portion OA, corresponding
to the titration of basic centres with a higher basic strength, finishes with a
well-defined inflection point A. The second zone of the titration curve (AC)
corresponds to the titration of the weaker basic centres. The third portion of
the curve (CD) corresponds to the endothermic dilution between the benzoic
acid and the solvent, and the arrow indicates the end of titrant addition.
Thus point B, obtained by extrapolation of the two straight portions on the
AD curve, should correspond to the second titration end-point [17].

Figure 2 shows the thermometric curves corresponding to the titration
with benzoic acid of BA0.25, BA1 and BAS y-Al,0, samples. These curves
are similar to that obtained for the NA sample. For the basic-modified
v-Al,O; samples, stronger and weaker basic sites are also present on the
surface and their concentrations are determined from the thermometric
curves by the A and B end-points, respectively. Nevertheless, the weaker
basic sites of the BA x samples behave differently to those of the NA sample
(a less exothermic reaction was obtained in the titration of these basic
centres).

AT K

o 250 500 50
benzoic acid added (pmol)
Fig. 1. Thermometric curve of the titration of neutral y-alumina with benzoic acid (0.25 N) in
toluene medium. The arrow indicates the end of titrant addition.
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Fig. 2. Thermometric curves of the titration of several basic-modified y-aluminas with
benzoic acid in toluene medium. The arrow indicates the end of titrant addition. P, BA0.25;
Q, BAI; R, BAS.

The concentrations of basic centres obtained for the NA and BAx
samples are shown in Table 1. We also considered point C as an alternative
second thermometric end-point, because it is a very well-defined inflection
point, and the error in its determination is smaller than that in the de-
termination of point B. In addition, C values showed a parallel behaviour to
B values for NA and BA x samples. Thus, for present purposes, point C is a
measure of the total number of weaker basic sites, including those de-
termined previously from point B.

From Fig. 2 and the results in Table 1 we can see that the proposed basic
treatment of y-Al,0, does not modify the first portion of the curves,
corresponding to the titration of stronger basic centres, and their number
remains unchanged. The second portion is progressively affected by this
basic treatment; therefore the basic modification mainly affects the weaker
basic centres, increasing their number when x is increased for the BAx

TABLE 1

Determination of the concentration of basic centres in several basic-modified y-aluminas
(pmol g~1)

Sample Strong basic sites Weak basic sites

From point A From point B From point C
NA 103+ 6 300115 550+ 10
BAOQ.25 1064+ 8 212+ 14 300+ 9
BAl 112+ 8 295+ 20 480+ 9
BAS 111+10 379119 660411

Mean of three determinations.
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Fig. 3. Thermometric curves of the titration of several acid-modified y-aluminas with benzoic
acid in toluene medium. The arrow indicates the end of titrant addition. S, AA0.5 (0.6488 g);
T, AA2.5 (0.7924 g); U, AAS (0.4678 g).

samples.

Determinations of the number of basic sites of several acid-modified
v-Al,0, samples were also carried out. In Fig. 3 the thermometric curves for
AAO0.5, AA2.5 and AAS samples, with benzoic acid as titrant, show only a
slight exothermic reaction. In this case the titration end-point is determined
by extrapolation with a high experimental error. Nevertheless, it can be seen
that these acid pretreated y-alumina samples have a relatively important
surface basicity, which decreases as expected with increasing x in the AA x
samples. Acid-modified y-Al,O, can be regarded as an acid-basic bifunc-
tional solid and its possibilities as a bifunctional catalyst must be explored.
It has been used as a very appropriate support in the preparation of metal
catalysts from coordination compounds, where it influences the surface
characteristics of the active phase and thus its catalytic activities in the
ammonia synthesis of iron or ruthenium catalysts [18,19].

The thermometric method is a reliable technique which allows the accu-
rate determination (by simple procedures) of acid [11,12] and basic sites on
inorganic solids. Work is in progress to optimize the experimental conditions
for surface basicity determination of acid-modified samples.
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