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Abstract. The paper describes the consequential ad-
vantages of the use of inorganic binders, particularly soluble
sodium silicate, in the aspect of the environmental protection.
Nanostructure of the soluble sodium silicate as a silicate colloid
is described. Research of the structure of the soluble sodium
silicate is executed with the use of the PCS method (Photon
Correlation Spectroscopy). Characteristic parameters of the
nanostructure of the soluble sodium silicate and the method
of the estimation of the quantitative structure of the colloid are
introduced. It has been proved that the nanostructure of the sol-
uble sodium silicate has an essential influence on its proprieties
as binders of the moulding sands. Mechanical characteristic of
the moulding sands executed with this binder are dependent
on the kind of the nanostructural characteristic of the soluble
sodium silicate.
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INTRODUCTION

About 80% of all foundry moulds are made in Po-
land from standard sands with bentonite binder and coal
dust, or with lustrous carbon carriers. The processing
plants for sands of this type are equipped with wet or
dry dust collecting systems. The sludge or dust formed
during mould preparation is an unnecessary burden for
the foundry. Besides, the condensates of compounds are
generally considered as HAPs (Hazardous Air Pollutions),
they contain silica, deactivated bentonite, active bentonite
and thermally non-deactivated particles of organic binder-
hardener systems (sulphonic acids, pyridine derivatives,
esters, isocyanates, amines, copper salts, ammonium salts,
hexamethylenetetramine). Numerous studies [12,16] have
proved that coal dust, organic lustrous carbon carriers,
cores with organic binders and protective coatings based
on alcohol or water are the main sources of hazardous air
pollutions (HAPs), emitted during the process of casting
production in standard moulding sands. The pollutants

emitted in the largest volumes include benzene, toluene,
o-, m-, p-xylene, naphtalene, hexane, and their deriva-
tives. When core sands with organic binders are used,
others HAPs are formed, to mention only phenol and
formaldehyde, both of which can occur in large amounts.
Besides the above mentioned HA Ps, the process of casting
manufacture in standard moulding sands is the source of
the emission of other compounds included in the group of
HAPs, like acetaldehyde, acrolein, aniline, pyrokatechine,
0-, m-, p-cresol, cumene, hexane, isophorone, methyl,
indene, polyclic organic compounds, priopionaldehyde,
styrene, triethylamine [11, 1, 3]. Other technologies of
the casting production also generate injurious products
of the thermal destruction [15, 19, 24]. It is the reason
of great interest in inorganic binders, such as soluble
sodium silicate. This is especially important in the case
of producing casts from special alloys [20, 22].

The main advantage of soluble sodium silicate is
low toxicity of this binder in all the processes of casting
production - and thus - during the preparation of sands,
pouring and knocking. The principal aim of these inves-
tigations is the limitation of quantity of soluble sodium
silicate in moulding sands and cores, but at the same time
the maintenance of their proper technological properties,
especially the mechanical ones.

STRUCTURE OF THE SOLUBLE
SODIUM SILICATE

A characteristic element of the structure of soluble
sodium silicate is micella. The seed of this colloidal
particle, possessing negative charge, is structural, indi-
vidual — polijon (Si;O,))*. Polijon enlarges as the result
of condensing on his surface of ions of monomers and
in final effect reaches the state of silicate poliparticle
with the core in the form of molecular SiO, and with the
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surface possessing negative charge due to groups OH. In
certain circumstances, this kind of spherical particle has
an ability of joining oneself to oneself (Si-O compounds).
Adjoining molecules fix mutually one’s own compound,
due to which, in the final effect, they develop into porous,
interlaced nets of fully extended chains. Thus, we can
assume that the formation of structure in soluble sodium
silicate is performed in three phases [4, 23]:

1. Mutual joining of monomers with rising spherical,
colloid particles on warp of octamer ion.

2. Increase of spherical colloid particles.

3. Bonding of exchanged particles, at first in chains,
and then in nets spreading in throughout the lig-
uid medium and thickening it to the form of gel
(naturally, this phase is reached in the situation
of disturbing the state of equilibrium in a glass
of water).

Molecules SiO, create the core of micel adsorbing
ions [SiO,]* and in this way micels starts possessing
negative charge. It absorbs the ions of opposite charge
[HT], creating micels. Ions [H]", in absorption layer, cre-
ate electric double layer. Adsorbing ions [H]", stepping
out in further distances from core, they create dyfusion
layer of micel. During the movement of micel in solu-
tion, part of adsorbing ions [H]" stays in solution, and
a difference of potentialsis created between the particle
and the border free from its bounded ions. That is the
so-called electrokinetic potential Zeta [5, 6, 14, 17, 18].
Potential Zeta usually qualifies the stability of the colloid

arrangement [14, 17]. So, we can ascertain, that the surface
of particle occurring in soluble sodium silicate possesses
negative charge and becomes surrounded with ions of
opposite charge, strongly bounded with it. The layer of
liquid surrounding the particle consists of two parts:

1. Parts determining internal area (“Stern layer”),

in which ions are strongly bounded with particle.

2. Parts determining external area (difusion layer), in

which ions are considerably more weakly bounded
with particle.

Inside difusion layer extends the agreed border of
area, of which antiions and colloidal particle of soluble
sodium silicate create a stable part. When a movement of
the particle occurs (e.g. under an influence of Brownian
motions or gravitation), ions present in this area shift
together from it. lons staying outside the area do not
perform movements together with the particle. Summing
up — soluble sodium silicate - practical in foundring, is an
electrolyte, and its ions are also present in hydration layer.

Characteristic build of colloid, which is soluble so-
dium silicate - will imply the use of Photon Correlation
Spectroscopy (PCS), to qualifications of size and decay of
size elements of the structure of these binders [7, 10, 13].

The analysis of PCS determines a considerable
progress in the area of measuring methods for determi-
nation of particle sizes. It makes it possible to investigate
a sample in the natural state, does not cause its destruc-
tions or structural changes. In this kind of method, the
measurement of stochastics Brownian motions takes place
and on this basis the size of particles is analyzed.
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Fig. 1. Percentage cumulant of the number of particles in soluble sodium silicate m_2,1 1,45 after filtration by filter C
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Fig. 2. Percentage cumulant of the number of particles in soluble sodium silicate m_2,3 1,40 after filtration by filter C
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As an example, it is possible to present the results of
investigations of soluble sodium silicate with modulus
M =1,95; 2,1 and 2,3 - obtained from sodium-silicate
glasses melted with the above values of modules. Every
kind of soluble sodium silicate had the density 1,40; 1,45
and 1,50 g - cm?,

The second kind of soluble sodium silicate possesses
analogous values of module and density, but is obtained
from sodium-silicate glasses with modulus 3,3 by the meth-
od of modification of chemical composition (using NaOH).

Considering the fact, that the investigated solutions
were in the state of polidyspersity and high polidysper-
sity, it was necessary to use their filtration in order to
ascertain the presence of elements of structure, which
in basic solutions (not filtered) can be dominated by ele-
ments of large sizes [4].

An easier and more exact interpretation of the inves-
tigations results is possible by calculation and construct-
ing the percentage cumulant of numbers of particles in
dependences of sizes of their diameters. Figure 1 and
2 illustrate cumulants for samples m_2,3 1,40 (soluble
sodium silicate obtained with the method of modification
of chemical composition, with modulus 2,3 and density
1,40 g - cm3) and m_2,1 1,45 (soluble sodium silicate
obtained with the method of modification of chemical
composition, with modulus 2,1 and density 1,45g - cm™)
after filtration by filter C [4].

Qualification of characteristic parameters of the struc-
ture for the soluble sodium silicate is possible - values
of average diameter of particles of the main fraction dG,
halfwide dsG and range of particles of diffuse fraction
dsR. (Fig. 3).

Description of characteristic parameters of structure,
makes the so-called “partial indicator of structure WB,”
possible, calculated for solutions not filtered (nf") and for
solutions obtained after filtration ( f4; /B; fC). Diameters
of pores of the used filters are: 4>B>C:

dG

WB, i

" dsG, +dsR, M

Indicator WB, determining sum of indicators WB,
became accepted as indicator of nothomogeneity of solu-
ble sodium silicate:

i=fC
WB =) WB, )

i=nf

The second indicator of structure of the investigated
samples of soluble sodium silcate - DWB, expresses the
maximum difference of value of partial indicators WB..
This indicator is characterized by a lack of homogeneities
in arrangement, pointed out by indicator WB:

DWB = WB, max— WB, min. 3)

Values of indicators WB for different kinds of water
glass are presented in Figure 4.

Investigations of the hydrations enables the qualifica-
tion of dependence among the form of water (free water
and bounded water), the quantity of this kind of water
in a glass and the kind of its structure (Fig. 5). These
investigations were performed by deriwatograph method.
In the temperature from about 20°C to about 70°C and
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Fig. 3. Percentage cumulant of the number of particles



Fig. 4. Coefficient of structure WB for the soluble sodium silicates with different values of modulus and density, produced by

different methods
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Fig. 5. Coefficient of structure WB for the soluble sodium silicates with different values of modulus and density, produced by

different methods

coefficent DWB
R¢"%*, MPa

16

15

1.4

1.3

12

1,1

\
E

0,9

0,8

0,7

0,6

0,5

0,4
0,3

0,2

0,1

0

=——Wielom.

(Rgu24)

= = = Wielom.
(DWB)

S Frrrrev—«

coefficent WB

Fig. 6. Bending strength Rg*** of moulding sand with soluble sodium silicate and ester, (after 24 hours of curing) and corre-

sponding to them values of coefficent DWB, in dependence from values of coefficent of structure WB for different types of the
soluble sodium silicate



NANOSTRUCTURE OF THE SOLUBLE SODIUM SILICATE... 7

from about 115°C to about 140°C, on DTG appears piques
testifying about dehydration of soluble sodium silicate,
related to a little endothermic effect on DTA [4].
Technological verification of investigations was per-
formed. The moulding sands containing soluble sodium
silicate with identical quantity sum of the oxides (SiO, +
Na,0), were cured with diacetate eyhylene glicol. Moulding
sands were made, cured and investigated in identical con-
ditions of environment (20°C and 60% r. h.) in the climati-
cal chamber. Figure 6 presents the dependency of strength
properties of the moulding sands vs structure indicator WB.

CONCLUSIONS

1. We can accept, that in the range of the temperature
from about 20°C to about 70°C, first the dehydration of
soluble sodium silicate appears (loss of the free water
W ). In the range of the temperature from about 115°C
to about 140°C, bounded water J_is removed from the
soluble sodium silicate.

2. Itis very probable, that the content of the free water
W has a great influence on the size of nanoelements in
the soluble sodium silicate.

3. Two value of indicators WB and DWB can be de-
fined as follows:

WB e (3,0;1,8) and WB e[1,8;1,0),
DWB e (1,44;0,8) and DWB € [0,8;0,13).

The most profitable strength properties of the mould-
ing sands were obtained for the structures of the soluble
sodium silicate with the values of indicators B in the
range up to 1,8 and DWB in the range below 0,8.
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