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THE INFLUENCE OF METAL OXIDE NANOPARTICLES
ON PROPERTIES OF WATER GLASS

Determination of the influence of the colloidal nanoparticles of zinc oxide additions on the properties of water glass,
a binder of moulding and core sands - is the subject of the paper. The nanoparticles of zinc oxide in various suspensions were
introduced into water glass and the adhesive properties were examined by measuring the quartz wettability by the binder.
The binder-matrix interactions were verified by strength tests of loose self-setting sands with modified binders. The most effi-
cient quality improvement of moulding sands with water glass can be achieved by the binder modification. Multimolecular
components such as polyphosphate, polyacrylamide, carboxymethylcellulose, and polyvinyl alcohol have been used up to now
as modifiers. They differed in: their polymerisation degree, molecular mass, kind and number of functional groups. The per-
formed investigations of water glass modification by the suspension of ZnO nanoparticles in ethanol and in propanol indicated
that strength R,," of loose self-setting sands with water glass modified by the suspension of ZnO nanoparticles in ethanol and
in propanol (without a chemical hardener) increases when the modifier is added. In the case of adding the modifier in the
form of a suspension of ZnO nanoparticles in propanol - sand strength R,," increases by approx. 8% (when modifier addition
equals 3 mass %) and by approx. 26% (when this addition equals 5 mass %), whereas when the modification is carried out by
the suspension of ZnO in ethanol - sand strength R,," increases by approx. 18% (when modifier addition equals 3 mass %)
and by approx. 12% (when this addition equals 5 mass %).
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WPLYW NANOCZASTEK TLENKU METALU NA WLASCIWOSCI SZKLA WODNEGO

Przedmiotem badan jest okreslenie wplywu dodatku zawiesin koloidalnych nanoczastek tlenku cynku na wlasciwosci
szkla wodnego - spoiwa mas formierskich i rdzeniowych. Do szkla wodnego wprowadzano nanoczastki tlenku cynku
w réznych zawiesinach i okreslano jego wlasciwosci adhezyjne poprzez pomiar zwilzalnoSci kwarcu przez spoiwo.
Oddzialywania spoiwo-osnowa zweryfikowano poprzez pomiary wytrzymaloSciowe sypkich mas samoutwardzalnych
z udzialem spoiw modyfikowanych. Jak wykazaly badania, najbardziej efektywna poprawe jakoSci mas ze szklem wodnym
mozna osiagnaé poprzez modyfikacje spoiwa. Dotychczas jako modyfikatory zastosowano wielomolekularne komponenty
rézniace si¢: stopniem polimeryzacji, masa molekularna, rodzajem i ilo$cia grup funkcyjnych, takie jak np. polifosforan,
poliakrylamid, karboksymetyloceluloza, alkohol poliwinylowy. Przeprowadzone badania modyfikacji szkla wodnego
zawiesing nanoczastek ZnO w etanolu oraz w propanolu wykazaly, ze wytrzymalo$¢ R,," sypkich mas samoutwardzalnych ze
szklem wodnym zmodyfikowanym zawiesinami nanoczastek ZnO w etanolu i w propanolu (bez chemicznego utwardzacza)
wzrasta przy dodatku modyfikatora. W przypadku dodatku modyfikatora w postaci zawiesiny nanoczastek ZnO w propanolu
wytrzymalo$é¢ R,," mas wzrasta o ok. 8% (dodatek modyfikatora 3% mas.) i 0 ok. 26% (dodatek modyfikatora 5% mas.),
natomiast przy modyfikacji zawiesing ZnO w etanolu wytrzymalo$¢ R,," mas wzrasta o ok. 18% (dodatek modyfikatora 3%
mas.) i 0 ok. 12% (dodatek modyfikatora 5% mas.).

Stowa kluczowe: modyfikacja, szklo wodne, nanoczastki

INTRODUCTION

Moulding sands with organic binding agents, hard-
ened by acids, are strongly toxic. This situation requires
- on the one hand - investments providing safe and
proper work conditions in foundry plants, while - on the
other hand - the costs of moulding sands are high (espe-
cially sands with furfuryl alcohol based binders). The
above inconveniences have motivated researchers to
look for binders without such disadvantageous proper-
ties.

One of such binders is water glass; cheap, easily ac-
cessible and not toxic. However, the unfavourable
properties of sands with water glass are: brittleness,
worse shakeout of moulds and worse reclaimability.
Simultaneously the possibilities of water glass as
a moulding and core sands binding agent are not fully
utilised.

Regarding the technological aspect, the following
requirements should be simultaneously fulfilled:
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- Ensure optimal conditions for core and mould
hardening, as well as ensure the required level of
mechanical, physical and chemical properties
(strength, hygroscopicity, brittleness etc.)

- Ensure decreased retained strength of cores and
moulds in a wide temperature range (300+1200°C),
which will improve their knocking out ability

- Improvement of moulding and core sands reclaiming
ability.

An analysis of model: matrix-binder combinations
[1, 2] indicated that the final moulding sand strength
depends on the geometry of the formed connections, the
adhesive strength (J4) of the: matrix-binder and the
cohesive strength (dx) of the binder.

The adhesive strength is related to the matrix wet-
tability by water glass. Water glass wettability is
2-4 times smaller than the matrix wettability by
organic binders [1]. The main reason for this property is
a lack of functional groups in the water glass structure.
Thus, in order to improve it, certain functional groups
should be introduced into this binder structure (e.g.
-NH=, -NH,=, -COOH, OH- etc.)

The water glass cohesive strength, while retaining
the module, depends on the geometrical dimensions of
the bonding bridge and the stresses related to them [3].

The most efficient quality improvement of moulding
sands with water glass can be achieved by binder modi-
fication. Multimolecular components as polyphosphate,
polyacrylamide, carboxymethylcellulose, and polyvinyl
alcohol have been used up to now as modifiers. They
differed in their: polymerisation degree, molecular
mass, kind and number of functional groups.

The last decades have witnessed the development of
a new material group, so-called nanoparticles
[4-7], among others, the nanoparticles of ceramic mate-
rials: Si0,, Al,O3, CaSiO3, ZnO etc.

Nanoparticles introduced into the matrix (binder)
form new systems so-called nanocomposites. Nanopar-
ticles can change the initial binder properties by physi-
cal or chemical influences. A majority of investigations
concerning water glass modification has focused on the
application of organic compounds. The few results,
presented in references, indicate a favourable influence
of the micro- and nanoparticles of MgO and Cr,O; on
the retained strength, which is related to improvement
of the shakeout of moulds property [8].

The literature data concerning water glass modifica-
tion by the nanoparticles of inorganic compounds are
fragmentary and rather of a qualitative character [9].
There are no systematic investigations, which would
connect the way of modification with the kind of influ-
ence in the: water glass - modifier system and with the
structure of the formed nanobinder (nanocomposite)
and its properties.

An attempt to modify water glass with a zinc oxide
nanoparticles colloidal suspension (ZnO) in organic
suspensions was undertaken in the study, as well as the
impact of the kind of influence: binder-modifier, matrix
- modified binder, were determined.

EXPERIMENTAL PROCEDURE

Materials and testing methodology

Binder modification was performed with water
glass:

- “R 145” of a module M = 2.5 and density dy =
= 1470 kg/m’, pH = 11.2.

The modifier applied was:

- colloidal suspension of ZnO nanoparticles of
dimensions < 10+100 nm > in ethanol or propanol:
concentration of suspension: 0.3 M.

Water glass modification was performed by intro-
ducing a 3 or 5 mass % of an alcoholic suspension of
ZnO nanoparticles and them homogenising the mixture.

In order to determine the interactions between: the
matrix and the - modified binder, the wettability in the
system: quartz-binder was measured [10]. The meas-
urements were carried out by means of a prototype
apparatus.

The influence of water glass modification on the
moulding sand properties was verified by checking the
tensile strength R,," of loose self-setting sand after 24 h
of hardening.

Results and their discussion

Figures la and b illustrate the quartz wettability by
unmodified water glass (curve 1) and that modified by
the suspension of ZnO nanoparticles in ethanol (curve
2) and in propanol (curve 3). As is generally known, the
quartz wettability by water glass is low. The wetting
angle equals approx. 66 degrees directly after the binder
application (6p) and approx. 50 degrees when the:
quartz-binder system reached a steady state (6,). The
performed wettability tests with modified water glass
indicate that the applied modifier influences not only
the angle values of 6, and 6, but also the time of reach-
ing a stationary state t,. This influence depends on the
amount of modifier and the applied suspension. The
addition of a 3 mass % of modifier in the form of an
ethanolic or propanolic suspension causes a rather
small decrease in angles 8, and 6, and shortening of the
time (z,.) of reaching a stationary state (Fig.1a).

An increase in the modifier part by mass (ZnO
nanoparticles in both suspensions) to 5 mass % (Fig.
1b) significantly decreases wetting angles 6,, 6, and
time 7,. The binder with the addition of a 5 mass % of
the ZnO nanoparticles suspension in propanol had the
lowest values of contact angles (36 and 20 degrees)
had. This significant decrease indicates a stronger adhe-
sive influence of the quartz-binder, in the case of apply-
ing a solvent of a longer carbon chain. The shortening
of the time needed to obtain a stationary state by the
quartz-binder system indicates the modifier influence
on the wetting process kinetics.

Figures 2 and 3 illustrate the changes in strength of
moulding sands with unmodified water glass and that
modified by suspensions of ZnO nanoparticles in in
various alcohols.
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Fig. 1. Changes of wetting angle of quartz by water glass modified by
addition of 3 mass % (a) and 5 mass % (b) of colloidal ZnO
suspension in alcohols

Rys. 1 Zmiany kata zwilzania kwarcu przez szkto wodne modyfikowane
dodatkiem w ilosci 3% mas. (a) i dodatkiem 5% mas. (b)
zawiesiny koloidalnej ZnO w alkoholach

Fig. 2. Strength of moulding sands with water glass, unmodified and
modified. Sand composition (in part by mass) curve 1: sand -
100, water glass - 3; curve 2: sand - 100, water glass - 3,
suspension of ZnO nanoparticles in ethanol - 3 mass %; curve 3:
sand - 100, water glass - 3, suspension of ZnO nanoparticles in
ethanol - 5 mass %. Hardening conditions: t, = 23.5°C, moisture
content - 39%

Rys.2. Wytrzymatos¢ mas ze szklem wodnym niemodyfikowanym
i modyfikowanym. Sktad masy (w cz. mas.) krzywa 1: piasek -
100; szkto wodne - 3; krzywa 2: piasek-100; szklo wodne - 3;
zawiesina nanoczastek ZnO w etanolu - 3% mas.; krzywa 3:
piasek - 100; szklo wodne - 3; zawiesina nanoczastek ZnO
w etanolu - 5% mas. Warunki utwardzania: t, = 23,5°C,
wilgotnos¢ wzgledna - 39%

Composites Theory and Practice  12: 2 (2012) All rights reserved

The obtained tensile strength R, results of loose
self-setting sands with unmodified water glass and that
modified by the colloidal ZnO suspension in ethanol
(Fig. 2) and in propanol (Fig. 3) after various sand ma-
turing times, are presented. Curves 2 and 3 in these
figures are related to the 3 and 5 mass % of the added
modifier - respectively. As results from the performed
tests, a significant increase in R,," is seen after 4 hours
of sand maturing time in the air and obtains its maxi-
mum value not earlier than after 24 hours.

Sand strength R,," (after 24 h of hardening) of sands,
in which the binder was modified by the ZnO suspen-
sion in ethanol was similar regarding both additions of
the modifier (3 and 5 mass %) and was equal to 1.70
and 1.62 MPa - respectively. Larger differences in the
R, of sands (after 24 h of hardening) were found for
binders modified by the ZnO suspension in propanol
(Fig. 3; curves 2 and 3).

Fig. 3. Strength of moulding sands with water glass, unmodified and
modified. Sand composition (in part by mass) curve 1: sand -
100, water glass - 3; curve 2: sand - 100, water glass - 3,
suspension of ZnO nanoparticles in propanol - 3 mass %; curve
3: sand - 100, water glass - 3, suspension of ZnO nanoparticles in
propanol - 5 mass %. Hardening conditions: t, = 23.5°C,
moisture content - 39%

Rys. 3. Wytrzymatos¢ mas ze szklem wodnym niemodyfikowanym
i modyfikowanym. Sktad masy (w cz. mas.) krzywa 1: piasek -
100; szklo wodne - 3; krzywa 2: piasek - 100; szkto wodne - 3;
zawiesina nanoczastek ZnO w propanolu - 3% mas.; krzywa 3:
piasek - 100; szklo wodne - 3; zawiesina nanoczastek ZnO
w propanolu - 5% mas. Warunki utwardzania: t, = 23,5°C,
wilgotnos¢ wzgledna - 39%

The investigations of the interactions between:
quartz-water glass and quartz-modified water glass
correlate well with the strength tests of loose self-
setting sands with water glass. The correlation concerns
both the amount of introduced modifier and hardening
time.

CONCLUSION

The performed investigations of water glass modifi-
cation by the suspension of ZnO nanoparticles in etha-
nol and in propanol indicated:
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Influence of introduced modifier on quartz
wettability (interphase interactions: quartz-binder).
Strength R;,," of loose self-setting sands with water
glass modified by suspension of ZnO nanoparticles
in ethanol and in propanol (without chemical
hardener) increases when modifier is added. In the
case of adding modifier in form of suspension of
ZnO nanoparticles in propanol - sand strength R,"
increases by approx. 8% (when modifier addition
equals 3 mass %) and by approx. 26% (when
addition equals 5 mass %), while when modification
is carried out by suspension of ZnO in ethanol - sand
strength R," increases by approx. 18% (when
modifier addition equals 3 mass %) and by approx.
12% (when addition equals 5 mass %),
Wettability tests correlate well with
investigations.
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