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Abstract

In this paper, an attempt was made to use the ZnO nanoparticles as a modifier of foundry binder - water glass. The modifier was a colloidal
suspension of the ZnO zinc oxide nanoparticles in propanol. A thermal method to obtain metal oxide nanoparticles was adopted. The
modifier was product of the thermal decomposition of the basic zinc carbonate ([ZnCO3),*[Zn(OH),]s), and was introduced into the water
glass in an amount of 1 and 3 wt%. To determine the interfacial reactions taking place in a quartz - modified water glass system, the binder
wettability of the quartz grains was measured. The effect of water glass modification on the mechanical properties of moulding sands was
verified by testing the tensile strength R, of moulding sands with the modified binders. Water glass modification with the colloidal
solution of ZnO nanoparticles in propanol confirmed the effect of modifier on the water glass wettability of sand grains and on the

mechanical properties of the sand mixtures with this additive.
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1. Introduction, and aim and scope of
the research

Nanoparticles as a new generation of materials are used in
many fields. The basic methods for their preparation are the top-
down and bottom-up techniques. The essence of the top-down
technique consists in grinding the material to particles with nano
dimensions, while the bottom-up technique assumes making
structures from molecules or single atoms [1,2]. According to a
method recently developed, the nanoparticles of metal oxides are
produced through anodic dissolution of metals [3]. There are also
thermal methods of obtaining metal nanoxides [4-7].

The ZnO nanoparticles enjoy a wide range of various
applications, including the industry of chemicals and cosmetics,
dentistry, etc.

The results of studies presented in the literature stress the
positive impact of nanoparticles as modifiers of binders for
moulding sands [8-10].

Studies of foundry sands with water glass [8,9,11] have
shown that the modification of binder has positive effect on the
reduction of residual strength, which is associated with improved
knocking out properties.

One of the most effective modifiers for water glass is zinc
nanoxide [8,9]. This compound, when bound with cement,
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changes its original properties, and therefore both structure and
morphology of this material are so important in this case.

In this study, an attempt was made to carry out the
modification of water glass with zinc nanoxide. The aim of the
research was to determine what effect the modifier added to
binder may have on the wettability of quartz sand grains and on
the mechanical properties of the resulting moulding sand mixture.

2. Experimental

2.1. Test materials and methods

Modification was carried out on sodium water glass type R ,,145 ”
characterised by a modulus M = 2.5, the density d*° = 1470 kg/m®, and
pH=11.2.

The nanoparticles of ZnO (Figs.1, 2), were obtained by thermal
decomposition of the basic zinc carbonate ([ZnCOs],+[Zn(OH),]5).

SU70 5.0kV 7.2mm x20.0k SE(U)

- 9

SU70 5.0kV 3.1mm x100k SE(U) 500nm
Fig. 2. SEM image of ZnO zinc oxide nanoparticle, x 100 k

The water glass modifier was a suspension of ZnO
nanoparticles in propanol at a fixed concentration of ¢ = 0.3 M
and with the grain size of about 60 nm.

2.2. Test apparatus and equipment

The size of nanoparticles was determined using a SEM Philips
XL30 with LINK ISIS EDX system and ESEM Philips.

Water glass modification consisted in introducing 1 and 3
wt% of a colloidal suspension of the ZnO nanoparticles
in propanol, followed by thorough homogenisation of the whole
mixture.

Quartz wettability was determined using a prototype device
for the measurement of contact angle. Wetting of the quartz grains
in a quartz-water glass system was determined examining changes
in the value of the contact angle in time until full stabilisation of
this value has been reached.

The sand mixture strength properties were determined in a
tensile test after 24 h hardening in air.

3. Results and discussion

Figures 3,4,5 show changes in the value of the contact angle
in a quartz-binder system. Figure 3 illustrates the quartz wetting
characteristics using an unmodified binder, while Figures 4 and 5
show the results of analogical measurements taken for the binder
modified with 1 or 3 wt.% of the modifier.

The unmodified water glass shows inadequate wetting of the
surface of the quartz grains (Fig. 3). Changes of contact angle in
time are characterised by high values of both the initial contact
angle 0y (about 45 deg.) and the equilibrium angle 6, (about 33
deg.), and by a long time 1, the system needs to enter into a steady
state (about 20 min.).

contact angle 0, degrees

0 10 20 30 40

measurement time, minutes
Fig. 3. Time-related changes in the value of contact angle in a
quartz-unmodified water glass system. Measurement temperature:
20°C
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Fig. 4. Time-related changes in the value of contact angle in a
quartz-modified water glass system (1 wt.% suspension of
thermal ZnO nanoparticles in propanol).
Measurement temperature; 20°C

The time-related changes in the contact angle values plotted in
Figure 4 are characterised by similar values: 8, (about 45 deg), 6,
(about30 deg) and 7, (about 20 min.).

As it follows from the studies carried out so far, the
modification of binder with a 3 wt.% addition of the examined
modifier (Fig. 5) increases the quartz wettability, which is
manifested in a drop of the angles: 6, (to about 17 deg) and 6; (to
about 7 deg), and shorter time 1, (to about 6 min.) needed by the
quartz-binder system to reach a steady state.

< water glass modified by
O 3 wt.% suspension of
Zn0 nanoparticles in
propanol
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contactangle 6 . degrees

0 10 20 30 40

measurement time, minutes
Fig. 5. Time-related changes in the value of contact angle in a
quartz-modified water glass system ( 3 wt.% suspension of
thermal ZnO nanoparticles in propanol).
Measurement temperature: 20°C

Figure 6 shows the collective results of the tensile test R
carried out on moulding sands with water glass unmodified and
modified with 1 and 3 wt.% of modifier after different times of
hardening. For further analysis, the results of the tensile test after
24 h were adopted.

Tensile tests have confirmed the effect of modification on the
tensile strength R,”. An increase of Ry,” by about 25% is visible
in sands containing binder modified with 1 wt.% of the modifier,

while modification with 3 wt.% has made the value of R,,” drop
by about 7%.
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Fig. 6. Effect of maturing time on the tensile strength R,," of
loose self-setting sands with water glass. Sand composition (in
parts by weight): 1) ‘Szczakowa’ silica sand - 100, water glass

‘145°- 3, 2) Modifier: 1 wt.% suspension of ZnO thermal

nanoparticles in propanol, calculated in respect of binder, 3)

Modifier: 3 wt. % suspension of ZnO thermal nanoparticles in
propanol, calculated in respect of binder. Hardening in air.
Hardening conditions: t =~ 24 °C; moisture = 51%.

4, Summary

Water glass modification with the suspension of ZnO
nanoparticles in propanol (obtained by thermal technique) shows
an impact on the sand grains wettability and improvement of the
sand strength after hardening. The wettability improvement has
been observed with an addition of 1 wt.% of the modifier, while
an increase of the sand strength (by about 25 wt.%) followed the
addition of 3 wt.% of the modifier.
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