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The studies were conducted on the production of silica from emulsion systems by co-precipitation from

solutions of sodium metasilicate and hydrochloric acid and octane were used as an organic medium. The

obtained products were subjected to a comprehensive physicochemical analysis in order to define their

dispersive and morphological properties. Particle diameters and polydispersity were determined by the NIBS

(non-invasive back scattering) method while the shape and morphology of the particles were established

using scanning electron microscopy (SEM). In order to determine the adsorptive properties of the obtained

monodisperse silicas, isotherms of nitrogen adsorption/desorption on their surfaces were determined. Using

the isotherms, also the specific surface area, the diameter and the volume of the pores were established. In

order to define the hydrophilic/hydrophobic character of the products, profiles of wettability and of sedi-

mentation in water were examined. The obtained products were well wettable with water and an increase

in their weight depended on the amount of the applied surfactants. The particles of the precipitated silicas

manifested a defined, spherical shape and showed a relatively low polydispersity.
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INTRODUCTION

Traditional techniques of colloidal silica production are

based on reactions of flame hydrolysis
1
, on precipitation

from aqueous solutions of alkali metal silicates
2 – 5

 or on

the hydrolysis and condensation of silicic acid esters

(Stöber's method).
6, 7

In the age of nanotechnology development and material

engineering new, alternate solutions are looked for in the

technology of formation of silicas of the defined surface

and dispersive properties.

Recognition of such parameters as the size and shape of

the particles, their hydrophilic/hydrophobic properties and

the specific surface area determines the potential of using

the precipitated silicas, particularly as adsorbents and

strengthening fillers of polymers.

In silica production by the precipitation technique, the

dominating effect on the properties of the product is ex-

erted by a selection of technological parameters. There-

fore, in this study an attempt was made to precipitate from

the emulsion medium the silicas of the spherical particle

shape and restricted surface hydrophilicity.

EXPERIMENTAL

Silicas were precipitated from aqueous solutions of

sodium metasilicatev (VITROSILICON S.A.) and of hy-

drochloric acid (POCh S.A.). The process was con-

ducted in an emulsion medium. The medium consisted of

two emulsions, of which one (E1) contained in its con-

stant composition the sodium metasilicate solution and

octane (POCh S.A.). The emulsion was additionally sup-

plemented with a non-ionic surfactant, Rokanol K7 (PCC

ROKITA S.A.). The other emulsion (E2) in its constant

composition contained the solution of hydrochloric acid

and the same organic solvent. In this case the lower

amounts of the emulsifier were added. The prepared in

this way emulsions were ready for precipitation. Emul-

sion E2 was placed in a container and subjected to intense

mixing using a homogenizer (19 000 rpm). Emulsion E1

was dosed to emulsion E2 at a constant rate (25 cm
3
/min).

The reaction taking place in the reactor resulted in an

emulsion with the silica contained in it. The emulsion was

destabilized by heating. Then, octane was separated by

distillation. The obtained product was filtered and the

product was dried at the temperature of 105
o
C.

The first step of physicochemical analysis of the pre-

cipitated silicas involved a determination of the particle

size, the parameter of principal importance for the defi-

nition of the activity of the obtained powders. Particle size

distribution was established using the Zetasizer Nano ZS

(Malvern Instruments Ltd.) using the non-invasive back

scattering method (NIBS). The particle size distribution

permitted us to determine polydispersity as an exponent

of the uniformity of filler particles in the studied SiO
2
.

The next stage involved studies on the morphology and

microstructure aimed at obtaining the data on the disper-

sion and structure of individual particles of the precipi-

tated silicas. The studies took advantage of a scanning

electron microscope (Philips SEM 515). Moreover, the

sedimentation rate and wettability with water were deter-

mined using the K100 tensiometer (Krüss). In order to

define the adsorptive properties of the studied silicas,

isotherms of nitrogen adsorption/desorption were deter-

mined. The measurements were performed using the ASAP

2010 apparatus (Micromeritics Instruments Co).

RESULTS AND DISCUSSION

In the process of the synthesis of highly dispersed silicas

selection of technological parameters and amounts of

substrates used for the preparation of emulsions in par-
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ticular play a principal effect on their physicochemical

properties.

The physicochemical properties of the precipitated silicas

are compared in Table 1. The distinct traits which char-

acterize the silicas reflected various types of aggregation

and agglomeration of silica particles.

The results of physicochemical tests, listed in Table 1,

permitted to detect a relationship between the

polydispersity value and the amount of the added emulsi-

fiers. Polydispersity decreased in line with the increasing

weight input of the applied non-ionic surfactants.

Particle size distribution for the silica precipitated in

sample 1 is presented in Fig.1.

In the particle size distribution which takes into account

band intensity (Fig.1a) a single band was noted. It fitted the

range of high diameters (1480 – 2670 nm), with the maxi-

mum intensity of 26.6 corresponding to the particles of 1720

nm in diameter. The relatively low value of polydispersity

(0.509) pointed to the presence of a single particle group

only. In the analysis of the particle size distribution, exam-

ined by volume, also a single band was noted but exhibiting

a slightly broader range (1280 – 3090 nm).

Table 1. The mean values of particle diameters in the polydispersity of silicas as related to the content of the two emulsifiers
in both emulsions

Figure 1. Particle size distribution of the silica sample 1: (a) by intensity and (b) by volume

Figure 2. The dispersive characteristics of the silica sample 4: (a) the SEM image and (b) PSD by intensity
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The least favourable dispersive properties were shown

by the silica precipitated in sample 2. The particle size

distribution allowed us to determine the polydispersity

which manifested the highest value of 1.000. The obtained

results justified the conclusion that insufficient amount an

emulsifier used for the preparation of both emulsions

exerted a negative effect on the properties of the product.

In the precipitated silica the particles which exhibited a

wide range of diameters, dominated. In the particle size

distribution taking into account the band intensity, the

presence of four bands could be noted (Table 1).

 In turn, the SEM image and particle size distribution,

when taking into account the band intensity for the pre-

cipitated silica sample 4, are shown in Fig.2.

The uniform character of the sample was confirmed by the

presence of primary agglomerates both in the size distribu-

tion based on the intensity of the bands and in that taking

into account the volume share of the bands (Table 1). Small

particles dominated, of the diameters fitting the ranges of,

342 – 615 nm (by intensity) and 295 – 712 nm (by

volume), respectively. The sample manifested a relatively

low value of polydispersity (0.259).

The effect of the amount of the applied emulsifier on

the sedimentation rate of the precipitated silicon dioxide

in water is illustrated in Fig.3.

pared in sample 1 manifested the character resembling

that of the preceding silica, although its hydrophilicity

was much lower. The remaining silicas showed the mini-

mum tendency to adsorb water which again stressed the

hydrophobic character of the surface in the precipitated

products.

Nitrogen adsorption/desorption isotherms for the pre-

cipitated silicas are shown in Fig.5. The values of the

variable such as the specific surface area, the pore volume

and the mean pore diameter, are also presented.

Figure 3. Time dependence of the sedimentation profile in
water for the silicas obtained from various organic
phases

The highest weight increased vs. time was manifested by

the silica precipitated in sample 2. In preparation of both

emulsions the lowest amounts of emulsifier were used

(1.5 g and 0.6 g, respectively). The weight stabilization of

the obtained sediment was observed at the end of meas-

urements, following 250 s. On the other hand, the lowest

weight gain was shown by the silica precipitated in sample

3, in which doubling the amount of the emulsifier in the

alkaline emulsion (E1) resulted in the appearance in the

particle size distribution of three bands (Table 1).

Wettability of water of the precipitated products is

compared in Fig.4.

The silica precipitated in sample 4 (with the highest

amount of the applied emulsifier) showed the highest

wettability with water which indicated that its surface

character was most similar to the hydrophilic one. The

course of the curve clearly differed from that of the re-

maining samples. On the other hand, silicon dioxide pre-

Figure 4. Dependence of wettability vs. time with water of
the silicas produced using various organic phases

Figure 5. Nitrogen adsorption/desorption isotherms on the
surface of the silicas precipitated from an emul-
sion medium

The profile of the isotherms for silicas precipitated in

samples 3 and 4 pointed to their mesoporous character.

The amount of adsorbed nitrogen did not increase until

the relative pressure exceeded 0.8 and amounted to, 200

cm
3
/g for sample 3 and almost 300 cm

3
/g for sample 4,

respectively. The obtained results indicated a significant

effect of the augmented amounts of the applied surfactants

on the course of nitrogen adsorption/desorption. As com-

pared to the silicas precipitated in samples 1 and 2, an

evident increase in the BET surface, in the range of

histeresis loop and in pore volume was observed (Fig.5).

CONCLUSIONS

The performed studies on the precipitation of

monodisperse silica according to the modified technique
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with two emulsions and octane as an organic phase and in

the presence of a non-ionic surfactant, Rokanol K7, per-

mitted to obtain silica particles of a relatively high extent

of dispersion, spherical shape and low diameters. The

results of the studies on the sedimentation and the silica

particle wettabilility showed that the lowest weight gain

was demonstrated by SiO
2
 precipitated using the lowest

amount of emulsifiers.

The physicochemical properties of the precipitated silicas

depend upon the type and amount of the applied precipi-

tating agents and, first of all, on the weight share of the

emulsifiers in the two emulsions.

The studies on the adsorptive properties proved that the

silicas precipitated from the emulsion medium using the

5% hydrochloric acid, represented a class of typical

mesoporous adsorbents.
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