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INFRA RED INVESTIGATIONS OF
DIFFERENT KINDS OF SYNTHETIC

ACTIVE SILICAS
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Institute of Inorganic Chemistry ul. Sowiiskiego 11
44-100 Gliwice, Poland

INTRODUCTI ON

The results of investigations of active silicas do not
permit an unambiguous description of their structure, which
is different for each kind of this material, Aerogels, xero-
gels or the so called preciplitated silicas have different
physical properties, due to the application of empirically
established conditions of precipitation or condensation of
polysilicic aclds,

Silicas of high specific surface area are known to be
amorphous. Nevertheless there are suggestions, that their

1)’ 2)9 3)

surface structure is more or less ordered e Snyder
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and Ward3) investigated the properties of active silicas on

a series of samples, which differed widely in surface area
and pore diameter, The authors suggested, that the surface
properties of such silicas depend on the degree of surface
regularity or crystallinity. Factors, which promote the
*crystallinity’ of silicas during their synthesis will fawour
large crystallite size and increased pore diameter.

Investigations were started, to find soms relations
between the physicochemical properties, obtained by conven—
tional methods, such as the apparent and compacted bulk den-
sity, the water and mineral oil adsorptive capacity, the spe-
cific surface area and average pore diameter and the absorp-
tion properties in the infra red of silica samples,

The results of the i.r. measurements confirm the conclu—-
sions of Snyder and Ward, concerning the different regularities
of structure and their relation to the pore diameter size of
active silices. The different kinds of silicas, such as preci-
pitated white rubber fillers, Aerosils, fine and large pore
silica gels and the beer stabilizer Piwator, show some diffe—-
rences in their l.r. spectra, which in some cases allow to dis-

tinguish the specific kind of silica.

EXPERIMENTAL

Samples
1e Ultrasil VN3(I) and VN3(II) -~ white rubber fillers from

Chem, Fabrik Wesseling, Degussa, West Germany;
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2. Arsil I, Arsil II, Arsil III - white rubber fillers prepe—
red in the laboratory by precipitation from sodium silicate
solution with sulphuric acid solution at pH 4-4,5 at 80°C4);

3e Arsil IV - white rubber filler obtained in the industrial
process, basing on the precipitation from sodium silicate
solution with sulphurie acid solution#);

4, Aerosil from Degussa, West Germany;

5. Large and fine pore silicagels from Inowroclawskie Zaklady
Chemiczne, Poland;

6. Piwator - xerogel for beer stabilization, obtained in the
laboratory by precipitation from sulphuric acid solution

with sodium silicate solution at pH 6=7 at room temperatur052

The i.r. spectra in the range of 400-4000 c:m-"I were measura
with the C.Zeiss Jena UR-10 spectrophotometer, The samples
dried at 110°C were pelleted with KBr, The vibration band
1110 cd-1 was chosen to demonstrate the variations of the band
sharpness among the spectra of different kinds of silicas
(Pige 1)e The 1110 ci-1 bands shown on Fig.1 were registered
as absorbancy vs. ware number, using the UR-10 "2Zweitschreiber"
detachment, to enable the measurement of the apparent band in-
tensities either as absorption difference at 1110 cm‘1 or as
band area by the base line technique. The results are presented
in Tabe1, where glso the values of apparent and compacted bulk
densities, of water and mineral oil adsorptive capacities, of

specific BET surface areas, and of average pore diameters are
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given, The spectra on Fig. 2 and 3 allow one to observe after
calcination of samples at different temperatures the decrease
of the intensity of the 960 cn-1 absorption band characteris-
tic for the precipitated white rubber fillers, such as Arsil I
and Ultrasil. The spectra of Aerosils and large pore silica
gels showed no absorption in the range of 960 cn-1. In case of
the beer stabilizer Piwator the 960 crn"1 absorption band appea-~
red as a broad shoulder on the 1110 cm-1 band. Similar not well
defined 960 cl.1 bands were observed in case of fine pore sili-
ca gels.

For samples mostly differing in the intensity of i.r.
spectra, such as Ultrasil and Arsil on one hand and fine pore

silica gel on the other, X-ray diffraction measurements were

i A a i "

0 1400 R T 800 om

FIG.2. I.r. spectra of Ultrasil VN3 (I) (0,25% in 0,8 g
KBr po%lets), a) before drying, b) affer drying
at 140 C, ¢c) after calcination at 600 C,
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FIG.3. I.r. spectra of Arsil I (0,25% in 0,8g Kgr pellets),

a) before drying, 3) after drying at 140 C, ¢c) after
calcination at 600 C.

carried out, using the diffractometer PRON-1, USSR, The di-
ffraction patterns are shown on Fig. 4.

The specific BET surface area data were obtained by the
conventional BET method, basing on nitrogen adsorption at
77°K on samples predried at 110°C before being weighed up for
the BET measurement., Using the nitrogen adsorption and desorp-
tion isotherms the average pore diameters of the different
kinds of white rubber fillers were calculated by the method
of Cranston and Incley6).

Fig. 5, prepared on the basis of Tab.1 serves to show
the main differences between the various kinds of active si-

licas., In the middle part of the figure values found for the

white rubber fillers are demonstrated. The line drawn from
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Mg. 4. Diffraction patterns of three samples of active silicas

point to point shows the direction of changes of properties

from one kind of silica to the other.

RESULTS AND DISCUSSION

It was shown, that the intensity of the Si~0 vibration
bands of active silicas depends on the kind of silica. The
samples may be arranged in the following order due to the
increasing sharpness of the 1110 cm-1 absorption band: fine
pore silica gel, large pore silica gel, beer stabilizer Piwa-
tor, and close to one another the white rubber fillers Ultra-
sil, Aerosil and Arsil., The increase of band sharpness may be

explained by a higher degree of structure order, as the equal
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Fig. 5.The variation of some physicochemical properties of

-

different kinds of active silicas,.

coupling of vibrations of identical sites is the reason for
well defined vibration frequencies, reflected by descreet vi-
bration bands.

Similar conclusions as to the structure order may be drawn
on hand of the halfwidths of bands of the X-ray diffraction
patterns (Fig.4), and on hand of the shape of the 960 cm—1 fere
bands. The last were attributed by Hino and Sato to OH groups

7

hydrogen bonded with molecular water'’, The X-ray diffraction



04:20 30 January 2011

Downl oaded At:

174 GALLUS-OLENDER, FRANC, AND FIRLUS

pattern of each of the three samples has one broad band, charae
teristiec for amorphous materials., But the differences in the
ha1f widths of bands suggest a more or less ordered structure.
Ultrasil VN3 (I) and Arsil I show similar values of the band
half width, 39 mm and 38 mm respectively., The diffraction band
of the fine pore silica gel, which accordingly to the i.r. spec
tra is supposed to be more amorphous, has & much larger half
width of 49,5 mm,

The shape of the 960 cm-1 OH band, which is more dis-
creet in case of the precipitated rubber fillers than of
beer stabilizers and fine pore silicagels may also be explained
by a more or less ordered arrangement of OH groups, depending m
the whole structure order, After calcination of samples at
600°C the 960 cn ®and disappears, prowing its connection
with the hydroxyl groups.

The values of mdsorptive capacities ars higher for white
rubber fillers than for sillea gels, despite of lower surface
areas, The varlation in oil adsorptive capacities of different
kinds of silicas tends tc parallel the intensities of i.r, band
(Fige 5)e This leads to the conclusion, that factors, promoting
the "crystallinity" during the synthesis will likewise favour
increased pore volums.

This statement may be supported by anvther conclusion,
that the increase of structure order of active sllicas causes

a decrease in their bulk density.
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Ultrasil, Arsil and Aerosil have high adsorptive capacities
and show similar intensities of the Si~0 bands of their i.r.
spectra and also similar apparent bulk densities and average
pore diameters., But the spectrum of Aerosil is distinguished by

the lack of the 960 cm-1 hydroxyl absorption band.
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