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INTRODUCTION

ABSTRACT

Liquid metal when filling sand casting mould while pouring it out from ladle at the
first moment comes across the sprue/gate system of the mould the purpose of which
is to transfer liquid metal and feed the mould recess. The materials presently used for
the elements of the sprue/gate systems are based on ceramics or the mixtures based on
paper pulp. In this study the use of alternative mineral additions such as expanded per-
lite, expanded vermiculite, and microspheres as the fillers to paper pulp acquired from
waste-paper for the use for the elements of mould sprue/gate systems or also other
applications for the contact with liquid metal are presented. Experimental mould tube
shapes made on the basis of the paper pulp based mixture patented by the authors were
poured over with liquid metal. For the comparison, ceramic shapes and commercially
available cellulose shapes were investigated in the same way. In order to compare the
crystallization processes, a measurement of the cooling off liquid metal was carried
out for all the analysed tube samples. From the so obtained metal samples metallo-
graphic microsections were made to compare cast iron microstructures. The results
obtained from the investigations carried out have shown that the patented paper pulp
based mixture may well be applied as an alternative material used for the elements of
the sprue/gate systems for disposable sand moulds.
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it is necessary to use ready half-finished products,
usually in a form of tube shapes. Such shapes are

The conventional technologies of casting in
sand moulds are in fact unchanging for many
years [1-8]. Liquid metal, when filling sand cast
mould at the first moment of pouring it out from
ladle comes across the sprue/gate system of the
cast mould, and the purpose of this system is to
transfer the liquid metal and feed the mould re-
cess. Therefore, the sprue/gate system fulfils the
key role in the entire technology of the manufac-
ture of sand moulds, and as a consequence of the
manufacture of the cast. This concerns both the
geometry of the mould sprue/gate system and the
materials it is made of. In many cases the mould
sprue/gate system constitutes only a system of
channels cut in moulding sand, but the most often

manufactured mostly from ceramic materials [9,
10]. However, the inventive solutions appeared
based on other materials [11-13]. Ceramic ma-
terials, due to their characteristics may make the
process of the reclamation of moulding masses
difficult [5] and they generate in consecutive
stages undesirable effect of the contamination of
circulating moulding sand. The cellulose based
materials available at present during the ther-
mal degradation show a considerable level of the
emissivity of volatile compounds [12, 16].

In this study the authors have presented the ap-
plication of the patented mixture of paper pulp en-
riched with mineral admixtures such as expanded
perlite, expanded vermiculite, and microspheres
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for the use for the elements of mould sprue/gate
systems or other applications for the contact with
liquid metal [13]. The tube shapes manufactured
on the basis of the paper pulp based mixture pat-
ented by the authors were poured over with liquid
metal. For the comparison ceramic shapes and
commercially available cellulose shapes were in-
vestigated in the same way. In order to compare
the crystallization processes a measurement of
the cooling off liquid metal was carried out for all
the analysed tube samples . From the so obtained
metal samples metallographic microsections were
made to compare cast iron microstructures.

MATERIALS AND METHODOLOGY

For the investigation cylindrical shapes of the
size © 60%300 mm made of 4 different materi-
als were used. The investigations were carried out
for ceramic shapes, commercial cellulose based
shapes, and two types of experimental shapes of
patented material composition [13]. The compo-
sition of the patented mixtures is shown in Ta-
ble 1. The investigated shapes were poured over
with grey cast iron of EN-GJL 250 type melted
in induction melting furnace of PI30 type with
the capacity of 30 kg. In the diagram (Fig. 1) the
measurement-investigation stand used at the in-
vestigation is shown. The measurements of the
temperatures of crystallizing metal in the shapes

were carried out with the use of the thermoele-
ments of PtRh10-Pt type which were connected
with the use of compensation conductors to the
Cristaldigraph, voltage-frequency converter.

From the samples obtained as the result of
pouring them over with liquid cast iron metal-
lographic microsections were carried pit in order
to compare microstructures. The metallographic
investigations were made on cross-microsections
on the Nikon-MA200 microscope. For the etch-
ing of samples nital was used and enlargements
%100 and x1000 were applied.

RESULTS

In the charts (Figs. 2-5) the results of the
measurements of the temperature of the liquid
metal getting cold in the analysed tube shapes are
presented.

When analysing the temperature changes in
time, it can be observed that for the commer-
cial cellulose shape (Fig. 3) and the experimen-
tal shape #1 (Fig. 4) an exothermic effect occurs
maintaining the temperature of the liquid metal
constant for a certain time. For the ceramic shape
(Fig. 2) and the experimental one #2 (Fig. 5) the
temperature measurements carried out did not
show any additional exothermic effect.

When considering the course of the crystal-
lisation process of the eutectic it can be noted that
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Fig. 1. Block diagram of investigation-measurement stand

Table 1. The material composition of the patented shapes used for the investigations

Specification Paper pulp [g] Exp.perlite [g] Exp.vermiculite [g] Microspheres [g] Binder [g]
Own cellulsoe #1 270 15 30 80 190
Own cellulsoe #2 270 15 30 0 151
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Fig. 2. The chart of the temperature change versus time during the pouring over of a ceramic shape with cast iron
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Fig. 3. The chart of the temperature change versus time during the pouring over of a commercial cellulose shape

1350
1300
1250
1200
1150

Temperature [°C]

1100
1050

1000

with cast iron

N

N

0 100 200 300 400 500 600

Time [s]

Fig. 4. The chart of the temperature change versus time during the pouring over of a experimental shape #1 with
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Fig. 5. The chart of the temperature change versus time during the pouring over of a commercial cellulose shape

#2 with cast iron
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it starts quickest in the ceramic shape (Fig. 2),
i.e. after about 130 seconds. For the experimen-
tal shape #2 (Fig. 5) containing no microspheres
poured over with liquid cast iron the eutectics
begins crystallizing after about 200 seconds. The
metal remains in the liquid state for the longest
time when pouring over of the commercial cel-
lulose shape (Fig. 3) and the experimental #1 one

(Fig. 4), and in both cases the crystallization of
the eutectics begins after about 300 seconds.

The photos of the microstructures of cast
iron samples obtained after the process of pour-
ing over of the investigated samples are presented
in Figures 6-9. For all the analysed samples the
metal microstructures composed of flake graph-
ite, ferrite, and perlite were obtained.

Fig. 6. The cast iron microstructures obtained with the use of ceramic shape

a) enlargement x100, b) enlargement x1000

Fig. 7. The cast iron microstructures obtained with the use of commercial cellulose shape
a) enlargement x 100, b) enlargement x1000

Fig. 8. The cast iron microstructures obtained with the use of experimental shape #1

enlargement %100, b) enlargement x1000
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Fig. 9. The cast iron microstructures obtained with the use of experimental shape #2
a) enlargement x100, b) enlargement x1000

DISCUSSION AND CONCLUSIONS

The presented investigation results show that
it is possible to apply alternative material compo-
sitions based on the paper pulp mixture enriched
with the fillers of the increased thermal resistance,
as patented by the authors of this study. The cur-
rent knowledge of the expanded vermiculite [17—
21], expanded perlite [22, 23], and microspheres
[24, 25] proves their higher thermal resistance
when compared to the cellulose based unmodified
materials [11, 12]. The exothermic effect for the
commercial cellulose sample and the experimen-
tal #1 one is connected with the occurrence of mi-
crospheres which, to a certain temperature level,
behave as an admixture improving the insulation
ability of the mixture, whereas after exceeding
the limit temperature they trigger exothermal ef-
fects [12, 15, 16].

The process of the softening of expanded
perlite starts in the temperature of the range
871-1093 °C, and the range of melting tempera-
ture is 1260-1343 °C. The temperature of the
sintering of microspheres occurs at the level of
1000 °C, and the temperature of melting is as-
sumed for the level of 1400 °C. The thermal re-
sistance of expanded vermiculite is on the level
of 1240-1430 °C, and in this range of tempera-
ture a coagulation process takes place, and then
melting, where the melting temperature is not
defined. The range of the operation ability of the
listed materials is so sufficient that, as the inves-
tigations carried out show, they can constitute a
filler for the base material on the base of the cel-
lulose obtained from waste-paper.

The use of expanded perlite, expanded ver-
miculite, and microspheres as the admixtures in-
creasing the thermal resistance of cellulose mix-

ture has turned to be an appropriate choice. These
materials show very interesting physicochemical
properties that can be used also for the contact
with liquid metal in the form of the shapes for
the construction of sprue/gate systems of dispos-
able sand moulds. The use of the aluminosilicate
binders did not cause any considerable deviations
at the course of the temperature change during
measurements. It allows for the use of this resin
for the applications of this type which is insofar
essential that it is a more friendly material for hu-
man health and life than the materials used for the
cellulose commercial shapes [12, 15, 16, 26].

No additional non-metallic inclusions or oth-
er contaminants which might originate from the
fillers used in the patented mixture of the fillers in
a form of expanded perlite, expanded vermiculite,
and microspheres were found.

The use of microspheres extend the time of
the existence of the metal in liquid state when
compared to the shapes without microspheres
in their composition. Therefore, this justifies the
use of this filler since the maintaining of metal
in liquid state in the cast system for longer time
than in the mould reproducing the cast allows to
avoid casting defects in the transition zone result-
ing from the natural process of metal shrinkage in
the course of its crystallization.
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