
Introduction

Present work follows the issue of phase-separated

glasses with a possibility of application in microelec-

tronics, such as absorbents, and/or a possibility of

bio-applications in the form of membranes. The sys-

tems such as sodium-borosilicate (Na2O–B2O3–SiO2)

bio-glasses, in which the phase separation occurs by

longer heating in the higher temperatures than the

cooling interval, are used for the production of

VYCOR type glass and micro-porous glasses [1, 2].

These glasses are used as sorbates and micro-filters.

They are developed from phase-separated glasses,

which have the inner coupled and vermicular struc-

ture [3–6]. This structure is formed during the contin-

ual spinoidal separation, when the two penetrating

phases are formed in the original glass. The changes

in microstructure, optical properties [3, 4] and viscos-

ity [5–7] are connected with the phase separation of

the glasses. During the production of glasses, the pro-

cess of the pretreatment of the glasses with ‘powder

techniques’ is usually used. The principle of this manu-

facturing process is the disintegration of the glass to

powder, which forms the requisite form of the material

‘in cold process’ and reinforced with thermal treating.

The term ‘sintering glass’ refers to the glass product,

created by forming the glass powder of definite granu-

larity within specified range and then reinforced with

suitable thermal treating. The compact glassy materials,

which were characterized by thermal treating, can be

formed with specific porosity. The products, synthe-

sized by the sintering technique of glasses have very dif-

ferent properties and applications. The production of the

porous glasses with open pores requires lower sintering

temperatures and shorter holding time compared to the

production of the sintered glasses with closed pores. It is

very important to maintain the following sequence of

temperature changes during the sintering of glasses [8]:

i) heating to the sintering temperature and holding at

temperatures, which correspond to the baked binder

temperature, ii) the holding at the sintering temperature

for the hardening and concretion of the product and iii)
the cooling of the product to the transformation interval

temperature for the applied glasses. The products with

porous sintered glasses are used as laboratory filters for

analytical and preparative works and as bacterial filters

for sterile filtration.

The method for the preparation of glass-alumina

composites for the possible utilization as membrane

carriers is presented in [9]. During the preparation,

the α-Al2O3 tubes were dip-coated into the suspen-

sion of sodium borosilicate glass particles (9.1%
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Na2O – 29.7% B2O3 – 61.2% SiO2). Sintering con-

verts the particle layer into a nonporous layer of

phase-separated glasses. The glass was leached with a

strong acid to remove the soluble phase and to obtain

the final porous layer of about 10 µm thickness. The

glass layers had pore size 1–4 nm after leaching.

Many authors have investigated biomaterials includ-

ing porous glasses and also examined their thermal,

structural, biological and electrical properties

[10–13]. The aim of this work is to prepare a porous

filter composed of two porous layers: macro-porous

carrier and micro-porous sodium borosilicate (NBS)

glass with TiO2 additive (NBST glass), and to charac-

terize the prepared materials by SEM, HM, micro-

hardness and density.

Experimental

The preparation of NBS and NBST glasses and
applied methods

Original glass samples A and B were prepared by

melting reagent grade chemicals (Na2CO3, H3BO3,

SiO2, TiO2) in platinum crucibles at 1480°C for 1 h in

air, as is presented in [1, 4]. The compositions of the

glasses are given in Table 1. The variation between

the experimental data and theoretical expectation is

<1%. The powder glass was made for the preparation

of the macro-porous carrier from the non phase sepa-

rated NBST glass by grinding in agate mill

FRITSCH. Two fractions: A) 0.160–0.250 mm and

B) 0.045–0.063 mm were acquired.

Heating microscopy

We have used a LEITZWETZLAR (Germany) heating

microscope consisting of the optical settee, lighting de-

vice, electric tube furnace and microscope for the heat-

ing microscopic measurement. The spotted sample was

located on the base over the weld of the thermocouple in

the furnace plug with ceramic tube. This tube was lo-

cated in the holder of the engaging apparatus. The mea-

sured temperature is displayed in the viewing field si-

multaneously with the shade form of the samples [14].

Scanning electron microscopy

The SEM studies of the NBST glasses were per-

formed using a scanning electron microscope TESLA

BS 300 with digital unit TESCAN. The samples were

prepared in powder form (crushed material) and grain

(fragment), to observe the surfaces, fracture surfaces

(breakages) with and without etching in 2% HF water

solution, the polishing surface and the surface after

the measurement of the micro-hardness. After ultra-

sonic cleaning in ethanol, the samples were sputtered

with Au using a sputter coater BALZERS SCD 050.

SEM images of the samples were obtained at acceler-

ating voltage 15 kV and magnification 50–20 000x.

Micro-hardness and density of glasses

The measurement of the micro-hardness of the phase

separated NBS and NBST glasses at 700°C/50 h are

carried out using a VICKERS MICRO-HARDNESS

TESTER FV-1, by Future-tech. Corp., Japan.

Sintering of the glasses

Preparation of the porous carriers

We have cleaned the prepared powder glasses with

triple decantation in ethanol. We determined the tem-

perature, by which it begins to meltdown and

sintering of the grains (t1/2Kz=752°C) using heating

microscope. The temperature holding time was cho-

sen to be 1.5 h.

Preparation of the micro-porous filters on the

selected carriers

The macro-porous carrier from NBST glass and the

compact NBST glass layer were prepared by sintering

at temperature 900°C. The samples were very brittle

and do not have adequate operating stability for other

mechanical treatments. For this reason, it was not suc-

cessful to prepare the final product according to

scheduled experiments. Therefore, in the next section

of our experiments, we prepared the samples in com-

bination with the macro-porous carrier (commercial

material) with compact NBST glass as described

in [1]. With macro-porous frit SIMAX (article by

Sázavan Kavalír), sintering temperature =900°C/1 h

and phase separation temperature =700°C/25 h were

used. With macro-porous alumina carrier, sintering

temperature =1000°C/0.5 h and phase separation tem-

perature =700°C/25 h were used. The preparation

technique was exchanged in the deposition process

for the layered NBST glasses. The glasses were de-

posited as the compact layer and not in the suspension

form as like as the glazer.

192 J. Therm. Anal. Cal., 81, 2005

KOZÁNKOVÁ et al.

Table 1 Composition in mol% of glass samples A and B

Oxides A B

Na2O 9.19 9.29

B2O3 23.58 23.82

SiO2 67.23 63.72

TiO2 0.00 3.17



Results and discussion

It was necessary to prepare the glasses of specific size

for the preparation of the porous glasses. The exact

characteristic of the powder glasses was determined

by the fine mesh screen analysis and by the SEM mea-

surements. The experimental data of the particles in

both fractions are presented in Table 2. Since the

sintering temperature 900°C is higher than the region

of the phase separation [7], the sintered samples were

kept once again at 700°C for the phase separation.

SEM analysis

To examine the preparation of the porous glass com-

posite materials, the microstructures of the NBST

glasses (Fig. 1) and sintered fractions of NBST

glasses (Fig. 2) were monitored by SEM. Microstruc-

tures of NBST + Frit glass ‘SIMAX’ and NBST + Co-

rundum (α-alumina) glasses are documented in

Fig. 3. The two possibilities are the selection of the

optimal sintering temperature and the temperature

holding time. According to the SEM measurement, it

is appropriate to modify the value of either a) the

sintering temperature: for the fraction A (0.160–

0.250 mm) to increase the sintering temperature at the

same holding time (1.5 h) from 750 to 800°C and for

the fraction B (0.045–0.063 mm) to decrease the

sintering temperature at the same holding time (1.5 h)

from 750 to 740°C or b) the holding time: for the frac-

tion A to elongate the holding time at the same tem-

perature (750°C) from 1.5 to 2.0 h and for the fraction

B to shorten the holding time at the same temperature

(750°C) from 1.5 to 0.5 h.

Heating microscopy

We have evaluated the changes of the form of the se-

lected NBST glass samples on temperature by the

heating microscopy:

• Grain of NBST glass cca 4 mm cubic. The changes of

the form of the glass samples by heating are presented

in the Figs 4 and 5. The temperature scales with the

indicator of their actual value were presented in the

bottom of the figures. The outset and the consecutive

melting down of the edges of the NBST glass grains

are visible in Fig. 4 (a, b, c, d). The first change of the

glass form was observed at 740°C.

• In the second case, we observed the NBST glass

samples, prepared as follows: The sample was

crushed and smeared in agate dish to powder with

an average size of particles 0.063 mm. The powder

was wetted with distilled water, and was com-
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Table 2 The particle sizes /µm of fractions A and B

Particle No. 1 2 3 4 5 6 7 8 9 10

Fraction A 344 422 512 265 249 306 305 361 591 197

Fraction B 122.0 83.7 115.0 110.0 87.4 60.6 135.0 47.5 132.0 99.0

Average value of the particle size fractions A and B are 355.2 and 99.2 µm, respectively

Fig. 1 SEM images of NBST glasses: a) fraction A (0.160 –

0.250 mm); b) fraction B (0.045 – 0.063 mm), magnifi-

cation 200x

Fig. 2 Microstructure of the sintered NBST glasses at 750°C

and 1.5 h: a) fraction A (0.160–0.250 mm); b) fraction

B (0.045 – 0.063 mm)

Fig. 3 Microstructure of the prepared glass composites:

a – NBST + Frit glass ‘SIMAX’, b – NBST + Corun-

dum(α-alumina)



pressed with manual press (1 MPa) to form a roller

of with 3 mm diameter. The changes of the form of

the prepared samples are presented in the Fig. 5.

By evaluating the temperature dependency of lin-

ear shrinkage (Figs 5 and 6), we obtained the fol-

lowing value of tD, tH and t1/2Kz: tD=680°C,

tH=800°C, t1/2Kz =752°C, where tD is the temperature

by which a sample begins to contract, tH is the tem-

perature by which a sample finishes the linear

shrinkage and t1/2Kz is the temperature by which the

value of the linear shrinkage is at half intensity of

the final shrinkage.

The ability of a specified liquid to wet a speci-

fied solid is characterized by the contact angle θ for a

drop of that liquid resting on a horizontal flat surface

of that solid (as measured through the liquid.). We

evaluated the temperature dependency of the NBST

glass samples by the contact angle θ (Fig. 7. a, b, c, d)

and determined the temperatures by which the contact

angle θ achieves the values 60 and 90°, Fig. 8.

Micro-hardness

The testing of micro-hardness applies the methods,

which are used at present as a part of the normalized

testing procedure for the technical control of materials.

These methods are used more frequently for the study of

the solid material properties such as surface layers, oxi-

dation, anisotropy, brittleness, plastic deformation, ri-

gidity, structural properties and others. In general, the

surface of a rigid material has the possibility to resist lo-

cal defiance (break) by an alien entity.
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Fig. 4 Changes of the NBST glass grain, which was formed

from heating microscopy

Fig. 5 Temperature dependency of linear shrinkage, which

was received by heating microscopy

Fig. 6 Temperature dependency of linear shrinkage of NBST

glass

Fig. 7 Records from the heating microscopy for the sample

grain of NBST glass



The most common technique to measure mi-

cro-hardness of materials is the indentation test. In

this indentation test, the indentor is impressed into the

plain (polished) surface of the studied materials. The

hardness is calculated from the measurable dimen-

sions of the stabs. There are several kinds of indenta-

tion tests, which differ in the form and the material of

the indentor, loading conditions and type of the evalu-

ation. The most common application has the Brinell

and the Vickers micro-indentation technique [15, 16].

The results of the micro-hardness measurement of the

phase separated NBS and NBST are studied. The av-

erage value of the experimental results for NBS glass

is 5.38 GPa. The standard deviation of the measure-

ment is 0.13 GPa. The minimum and maximum val-

ues of micro-hardness are 5.12 and 5.43 GPa, respec-

tively. The average value for NBST glass is 5.29 GPa

and the standard deviation of the measurement is 0.10

GPa. The minimum and maximum values of mi-

cro-hardness are 5.20 and 5.64 GPa, respectively.

Density

Density of the studied glasses was determined by hy-

drostatic mass. The density of NBS and NBST (with

and without phase separation) glasses are 2240, 2253

and 2250 kg m–3, respectively.

Conclusions

The results of the micro-hardness measurements can

be used as a supporting fact of the positive effect of

TiO2 on the micro-hardness and the microstructure of

NBST glasses. It is known from theory that the TiO2

additive supports the three-dimensional ordering of

the SiO2 tetrahedrons [17, 18]. The results of the

microstructure in the indentation space by the mea-

surements of the micro-hardness and the comparison

of the dissipation of the measured values for the NBS

and NBST glasses also support this fact. The SEM

study of the glass samples after the micro-hardness

measurements confirmed the phase separation and the

spinoidal separation corresponds to the literature data

[7, 8]. The vermicular microstructure, which was in-

duced by the spinoidal separation, was also observed

by SEM study in NBS and NBST glass samples. An-

other parameter, which characterizes the quality of

the materials, is density. The density of the NBS, and

NBST (with and without phase separation) glasses are

2240, 2253 and 2250 kg m–3, respectively, which is in

good agreement with the literature data. The density

of this type glass is 2000–2500 kg m–3 [19].
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