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The presented basic research was aimed at determining a correlation between compaction degree of moulding
sand and its permittivity € at 2,45-10° s. The measurement results make a basis for mathematical description of a
multilayer technological system as is a combination of moulding sand and foundry instrumentation. Analysis of the
results shows that compaction significantly influences permittivity of the sandmix containing water-glass, because
permittivity value increases with increasing compaction degree.
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INTRODUCTION

As an innovative solution in manufacture of moulds
and cores prepared of moulding sands containing or-
ganic and inorganic binders, microwave heating is a
still developing research area [1-6]. Knowing the merit
of microwave drying of binder-containing moulding
sands requires determining basic cause-and-effect rela-
tionships between quality or technological properties of
moulding sands and the applied parameters of electro-
magnetic field.

When placed in electromagnetic field, moulding sand
being a granular mixture [7-8] containing water mole-
cules is considered as a material containing a dielectric
component in that, as a results of absorption, energy of
microwaves is converted to heat that is next spent for re-
moving water from the material structure. As the main
property of the material, indicating whether it may be ef-
fectively heated in microwave field, relative permittivity
&, [9] described by the formula (1) is determined.

g_g jg 1)
where: ¢’ real part,
j = unit imaginary number,
g, —imaginary part.

A value of this parameter defines the way how the
material is polarized when supplied by microwave en-
ergy [9]. It depends on several parameters related to the
dried material [10-11] and, in particular, to water con-
tent that is the main absorber of microwaves. Analysis
of previous examination results permits the statement
that permittivity of moulding sands containing water-
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glass does not depend on quantity of water-glass in a
linear way [12].

With respect to action of a microwave field, three
phases can be distinguished in unhardened binder-con-
taining moulding sand: solid (sand base), liquid (hy-
drated sodium silicate) and gaseous (air, steam) phase
[7-9], which is schematically shown in Figure 1. Each
of the specified phases of a moulding sand shows differ-
ent electrical properties, and, as a result, reacts to the
applied microwave field in another way. Sand base is a
material with low absorbing capacity of microwaves.
Hydrated sodium silicate, as a dielectric, absorbs micro-
wave energy. Free spaces between these phases, as are-
as with high transparency to microwaves [9].

The compaction process of moulding sands, which
consists in relocating sand grains in volume units V un-
der action of external forces [7-8], is basically aimed at
precise reproduction of the casting shape in form [8,13].
With regard to three-phase structure of moulding sands,
the compaction process consists in eliminating pore
(volume V , mass m ) [7-8] between loosely poured
base grains (volume V, mass m_) coated with binder
layers (volume V,, mass m,). The factors decisive for
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Figure 1 Schematic presentation of three-phase structure of
moulding sand (a) 1 — gaseous phase (air), 2 - liquid
phase (binder), 3 — solid phase (sand); (b) volumetric
fractions of individual phases
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compactibility of a moulding sand include shape and
size of base grains, as well as kind and quantity of the
bonding material [7,13].

The purpose of the presented basic research was de-
termination of the relationship between compaction de-
gree of a moulding sand containing water-glass and
relative permittivity e determined for microwaves with
frequency 2,45-10° s*. Analysis of the results makes a
ground for building a theoretical mathematical model of
microwave hardening of binder-containing moulding
sands and multilayer technological systems as a combi-
nation of moulding sand and foundry tooling.

METHOGOLOGY OF THE RESEARCH

Moulding sands were prepared in a paddle mixer.
Time of stirring sand base with water-glass, equal in
each case to 300 s, was chosen on the grounds of litera-
ture recommendations [8,13]. After 20 s from pouring
sand base in the mixer chamber, a fixed quantity of
water-glass was dosed.

Moulding sands containing water-glass are charac-
terised by relatively good flowability [8,13] that makes
it possible to obtain a proper compaction degree during
forming, with no need of a very big amount of work.
Cylindrical samples dia. 0,016 m x height 0,042 m were
vibration compacted on an apparatus Luz - 2e at vibra-
tion frequency 50 s and time 20 s. As the variable pa-
rameter directly decisive for the compaction degree,
vibration amplitude was modulated between 4-10* and
1,6-10“*m.

Density p and apparent density p, of the sandmix
was determined in indirect way. Density p, as an addi-
tive property, was calculated for each prepared water-
glass containing sandmix on the grounds of known
weight fractions and densities of individual compo-
nents. Apparent density p_ that measure considers three-
phase structure of moulding sand, being the ratio of its
mass m / kg to sample volume V / m?, was determined
for each vibration compacted laboratory shape. Com-
paction degree of each sample was calculated as the ra-
tio of apparent density p_ to density p of the sandmix.

Relative permittivity of compacted samples at mi-
crowave frequency 2,45-10° s was measured by the
perturbation method on a stand of waveguide resonance
cavity. Methodology of the measurement is described in
[14-15].

EXAMINED MATERIALS

Influence of compaction degree on permittivity was
determined for water-glass containing sandmixes with
variable composition with respect to quality (grades of
base and water-glass) and quantity (concentration of
binder and volumetric fractions of individual phases).

Components of moulding sands were chosen with
respect to variable density that decides their volumetric
fractions in a compacted sample. From among all the
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commercially available base materials, three grades of
sand were selected: high-silica, chromite and olivine
sand. As the binder, three grades of hydrated sodium
silicate were used: 137, 145 and 150. Concentrations of
the binder were chosen from the range between 2 and 6
wt %, as recommended for preparation of quick-setting
moulding sands [13]. Densities of the base p_ and of
water-glass p,, as well as weight percentages of indi-
vidual components and densities of the prepared mould-
ing sands are given in Table 1, where the sandmixes are
designated by grades of sand base (K — high-silica, O —
olivine, C — chromite) and of water-glass (137, 145 and
150).

Table 1 Components of sodium water-glass containing

sandmixes
Desig- Sand base Binder —water-glass | Density of
nation sandmix
Density Frac- Density Frac- o/ kg/m?
p,/kg/m? | tion p,/ kg/m? | tion/
/wt % wt %
K137 2650 98 1400 2 2625
K145 2650 97 1480 3 2615
0140 3300 96 1430 4 3225
0145 3300 94 1480 6 3191
C145 4400 96 1480 4 4283
C150 4400 96 1540 4 4286
EXPERIMENTAL RESULTS

Results of the measurements are shown in Figure 2
in form of an approximating function and a determina-
tion coefficient that describe the relationship between
permittivity values and compaction degrees for indi-
vidual moulding sands, see Figures 2, 3 and 4.

It was found that permittivity of a given moulding
sand containing water-glass is linearly dependent on
compaction degree, irrespective of kind of sand base,
grade and weight concentration of water-glass. In the
case of a high - silica based moulding sand containing
2 wt % of water-glass grade 137, changing compaction
degree of samples from 0,31 to 0,50 resulted in increas-
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Figure 2 Relationship between permittivity and compaction
degree of moulding sands
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Figure 3 Side surfaces of cylindrical samples of sandmix O145 (z - compaction degree)
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Figure 4 Relative permittivity of samples with compaction
degree 0,5

ing the ¢ value from 1,85 to 2,54, respectively. For the
sandmix based on olivine sand with 4 wt % of water-
glass grade 140, changing compaction degree from 0,25
to 0,46 resulted in increasing the ¢ value from 2,10 to
3,50, respectively. For the sandmix based on chromite
sand with 4 wt % of water-glass grade 145, changing
compaction degree from 0,38 to 0,54 resulted in ca. 1,5-
fold increase of the ¢ value.

In all the cases, value of the determination coefficient
R2 was ca. 0,99, which means that the chosen models of
linear regression are statistically significant. It can be
said that the determined regression equations are well fit-
ted and will be used for predicting relative permittivity
on the ground of compaction degree of a sandmix with
known quantitative and qualitative composition.

Visual evaluation of compacted samples indicates
that, for all the examined sandmixes, compaction de-
gree below 0,45 does not guarantee proper dimensional
accuracy and quality of surface reproduction of the
foundry tooling. An exemplary view of surfaces of the
samples with various compaction degree for the sand-
mix based on olivine sand containing 6 wt % of water -
glass grade 145 is shown in Figure 3. Comparison of
permittivity values of moulding sands with various
compositions requires elimination of variable factors, in
this case various compaction degrees. It is important to
determine permittivity values of moulding sands at con-
stant compaction degree.

On the grounds of the obtained regression equations,
permittivity of selected sandmixes was determined at
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Figure 5 Volumetric percentage of individual phases in a
cylindrical sample of moulding sand with volume
8,44-10 °*m? at compaction degree 0,5

compaction degree 0,5, as shown in Figure 4. The high-
est permittivity value was measured for the sample
C145 and the lowest value — for the sample K137. It
was observed that, at constant compaction degree of
0,5, & values for the sandmixes prepared with the same
base but with various kinds and contents of water-glass
are close to each other, e.g. the sandmixes K137 to
K145 and C145 to C150, see Figure 4.

For exactly known quantitative and qualitative com-
positions and compaction degrees, volumetric fractions
of individual phases in the sandmixes were calculated.

Figure 5 shows volumetric percentages of solid
phase (base), liquid phase (water-glass) and gaseous
phase (air) in sandmixes with compaction degree of 0,5.
The sandmix based on olivine sand is characterized by
the highest volumetric percentage of water-glass (6,51
%) but, contrary to expectations, it does not show the
highest of the ¢ values determined in the examinations,
see Figure 4. Thus, it is confirmed that, at constant com-
paction degree, relative permittivity of moulding sand
depends on volumetric fraction, properties and permit-
tivity values of all the components.

Difference between ¢ values for the sandmixes
based on chromite sand (C145 and C150), differing
from each other in kind of the applied water-glass only,
is 0,19. It was found that, at the same compaction de-
gree, the same base and the same binder content but
with different kind of water-glass (145 or 150), relative
permittivity value results from volumetric fraction of
water-glass being an absorber of microwave radiation.
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CONCLUSION

On the grounds of measurements of relative permit-
tivity ¢ depending on compaction degree of water-glass
containing sandmixes, the following conclusions can be
formulated:

» Relative permittivity er of a moulding sand with
known composition depends linearly on its compac-
tion degree.

* Increase of permittivity value along with increasing
compaction degree results from changing volumet-
ric fractions of base and binder in moulding sand.

» Knowledge of quantitative and qualitative composi-
tion and compaction degree of a water-glass con-
taining sandmix makes it possible to forecast its per-
mittivity value.

» Comparison of relative permittivity values of granu-
lar mixtures, significant for microwave heating
practice, should be carried-out at constant compac-
tion degree of the materials.

» Considering the examined moulding sands as three-
phase mixtures and knowing their quantitative and
qualitative composition as well as compaction de-
gree, will permit a complex analysis of the relation-
ship between permittivity and other factors related
to methodology of preparing moulding sands.

Acknowledgements

The project was financed from the means of the Na-
tional Science Centre, granted by the decision No.
DEC-2013/11/N/ST_8/00214

REFERENCES

[1] M. Stachowicz, K. Granat, D. Nowak, Dielectric harde-
ning method of sandmixes containing hydrated sodium si-
licate, Metalurgija 52 (2013) 2, 169-172.

[2] B. Grabowska, New polymer binders in form of aqueous
compositions with poly(acrylic acid) or his salts and modi-
fied biopolymer for foundry practice applications, Akapit,
Krakéw, 2013 (in Polish), pp. 48-100.

20

(3]

(4]

(5]

(6]

[7]
(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

Note:

I B. GAL et al.: EFFECT OF COMPACTION DEGREE ON PERMITTIVITY OF WATER-GLASS CONTAINING MOULDING... s

W. Huafang, G. Wenbang, L. Jijun, Improve the humidity
resistance of sodium silicate sands by ester-microwave
composite hardening, Metalurgija 53 (2014) 4, 455-458.
K. Kaczmarska, B. Grabowska, D. Drozynski, Potential of
the application of the modified polysaccharides water so-
lutions as binders of moulding sands, Metalurgija 55
(2016) 1, 15-18

J. Wang, Z. Fan, X. Zan D. Pan, Properties of sodium sili-
cate bonded sand hardened by microwave heating, China
Foundry 6 (2009) 3, 191-196.

P. Jiang, F. Liu, Z. Fan, W. Jiang, X. Liu, Performance of
water-soluble composite sulfate sand core for magnesium
alloy castings, Archives of Civil and Mechanical Enginee-
ring 16 (2016) 3,494-502, DOI:10.1016/j.acme.2016.03.006
A. Szymanski, Soil Mechanics, SGGW Publisher, Warsaw,
2007, (in Polish), pp. 15-50.

M. Perzyk, S. Waszkiewicz, M. Kaczorowski, A. Jopkie-
wicz, Foundry Practice, Publishing House ,,Wydawnictwa
Naukowo-Techniczne”, Warsaw 2000, (in Polish), pp.
265-288.

A. S. Mujumdar (Ed), Handbook of Industrial Drying,
Taylor & Francis, New York:, 2007, pp. 285-304, 739, 871
J. Q. Shang, W. Dingo, R. K. Row, Soil characterization
using complex permittivity and artificial neural networks,
Soils and Foundations 44 (2004) 5, 15-26.

P. Ratanadecho, K. Aoki, M. Akahori, Influence of irradia-
tion time, particle sizes, and initial moisture content during
microwave drying of multi-layered capillary porous mate-
rials, Journal of Heat Transfer 124 (2002) 1, 151-161,
DOI: 10.1115/1.1423951

B. Opyd, D. Nowak, K. Granat, The influence of sand
grains properties on electrical properties of moulding sand
with inorganic binder, Archives of Foundry Engineering
15 (2015) spec. iss.3, 9-12.

J.L. Lewandowski, Materials for casting moulds, Akapit,
Krakdw, 1997 (in Polish), pp. 203-453 and 501-539.

K. Granat, B. Opyd, , M. Stachowicz, D. Nowak, G.
Jaworski, Usefulness of foundry tooling materials in mi-
crowave heating process, Archives of Metallurgy and Ma-
terials 58 (2013) 3, 919-922.

S. O. Nelson, Fundamentals of dielectric properties mea-
surements and agricultural applications, Journal of Micro-
wave Power and Electromagnetic Energy 44 (2010) 2, pp.
98-113.

The responsible translator for English language: “INTER-TK”
Translation Office, Wroctaw, Poland

METALURGIJA 56 (2017) 1-2, 17-20





