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The article presents the results of gas emissions generated during heating of mineral additives – aluminosilicates 
(perlite ore and vermiculite). The test on a laboratory stand for a 1 g sample at 1 000 °C was carried out. It has been 
shown, that there is a correlation between the degree of fragmentation and the amount of gas generated. The finest 
fraction of perlite ore caused a similar quantitative gas emission as ground vermiculite. The presence of additives in 
molding sands, regardless of the size of fraction, should not affect the formation of casting defects. The addition of 
perlite ore and vermiculite does not effect the ecological properties of moulding sand.
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INTRODUCTION
An unquestionable advantage of moulding and core 

sands with inorganic binders used in the casting of met-
al alloys is the small amount of harmful products of 
thermal decomposition formed during the pouring of 
liquid metal [1]. Moulding sands with inorganic binders 
can be hardened through a chemical reaction by intro-
ducing a hardener or by using a physical agent (e.g. 
temperature, microwave). Regardless of the curing 
agent, the sands are characterised by a strength increase 
under the influence of a temperature of about 800 °C, 
which results in difficulties in knocking out and poor 
suitability to mechanical regeneration. These inconven-
iences can be considered the most important disadvan-
tages of moulding sands with inorganic binders. For 
many years, research has been conducted on the elimi-
nation or reduction of poor knock-out properties of such 
sands. Apart from modifying the structure of inorganic 
binders [2, 3] or using other types of hardeners [4], one 
of the directions of research is the introduction of vari-
ous types of additives to moulding and core sands [5, 6].

Perlite ore is a transformed extrusive rock made of 
volcanic glass, and its structure contains 2,0 - 5,0 % by 
volume of water. From a chemical point of view, it is a 
metastable, amorphous, hydrated potassium sodium alu-
minium silicate. Due to its chemical nature (pH of about 
7), it is classified in the group of inert materials. The den-
sity of perlite ore is from 2,23 to 2,40 Mg/m3, whereas its 
apparent density is about 1,30 Mg/m3. Water in perlite 
ore is stored in various forms. Most of the water exists as 
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OH groups, single hydroxyl groups, or as hydroxyl pairs. 
The amount of water accumulated on the outer surface of 
the perlite and in its inner spaces depends on their size 
and shape. The polarity of the surface is also a decisive 
factor. If the internal spaces in the perlite ore are large 
enough, water molecules can join the OH groups present 
on the surface by means of hydrogen bonding forces. 
However, this connection is quite weak and the water 
present in this form is removed at temperatures up to 150 
°C. A certain amount of water is removed from the perlite 
ore only during the thermal decomposition of the struc-
ture, i.e. at temperatures above 800 °C. A characteristic 
physicochemical feature of perlite is its ability to swell 
when heated quickly to temperatures above 850 - 870 °C. 
A violent dehydroxylation reaction of the water bound in 
the structure of the perlite ore then takes place. The water 
vapourises and the perlite structure changes irreversibly. 
Compared to raw perlite ore, the expanded form is char-
acterised by a 10 - 40-fold increased volume, a density in 
the range 0,05 - 0,15 Mg/m3, vapour permeability, chem-
ical and thermal inertness, and resistance to moisture, al-
gae and fungi [7-11].

Vermiculite (Mg,Fe,Al)3(Al,Si)4O10(OH)2·4H2O) be-
longs to the group of clay minerals known as smectites. 
Smectites are the second group, after mica, of 2:1 type 
packet phyllosilicates, where the octahedron layer is 
closed between two tetrahedron layers with their peaks 
facing each other. Sites in the octahedral layers are oc-
cupied by Mg2+ ions. Therefore, the content of magnesi-
um in these minerals is definitely higher, and the content 
of aluminium lower, than in the case of montmorillonite.  
The individual layers are electrically neutral, the inter-
layer cations occupy about a third of the volume and can 
be exchanged (similar to montmorillonite) [12-18]. Ver-
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miculite contains both OH groups, i.e. structural water, 
but also H2O molecules adsorbed on the surface of the 
crystallites and in the inter-packet spaces, i.e. adsorbed 
water. The phyllosilicate hydration process does not 
change the basic structure of the 2:1 type packages from 
which they are built. In turn, the dehydroxylation reac-
tion of 2:1 type dioctahedral phyllosilicates occurring at 
high temperature results in the reorganisation of the oc-
tahedral layer. As a result of heating, the inter-packet 
water is converted into water vapour, which results in a 
15 - 30-fold increase in volume, a process called exfo-
liation. This consists in separating the grains into thin 
lamellae, which results in an increase in volume and a 
reduction in density [18-23]. 

Perlite ore is in the form of material with various 
grain sizes, while vermiculite is in the form of lamellae 
that must be ground into a powder. The aim of this study 
was to show the effect of the grain size (grain size) of the 
perlite ore on the amount of gases (water vapour) pro-
duced during rapid heating. The article presents the re-
sults of gas emission tests for 3 fractions of perlite ore 
and ground vermiculite. The amount of gases generated 
under the influence of high temperature of the liquid met-
al is important due to the possibility of casting defects, 
such as blisters, punctures or porosity. Apart from the 
binder, a factor that may cause defects on the surface of 
the castings is the type and quality of the protective coat-
ing used [24, 25].

METHOD AND WORK TECHNOLOGY

The vermiculite grinding process was carried out in 
a laboratory ball mill. Gas generation tests were carried 
out on a stand designed and built at the Faculty of 
Foundry Engineering, AGH, which includes a furnace 
with a quartz reaction tube, a peristaltic pump, and a 
PLC recorder. The tests were carried out for 3 types of 
perlite ore (PO) from Slovak deposits with various grain 
sizes and for crushed (ground) vermiculite (V). A 1 g 
samples were weighed in a ceramic boat and placed in a 
quartz reaction tube of the furnace heated to 1 000 °C. 
Recordings were performed at time intervals of 2 sec-
onds until a stabilised measurement result was achieved. 
Three measurements were made for each test sample. 
Gas generation tests were preceded by a sieve analysis.

RESULTS AND THEIR DISCUSSION

Table 1 shows the results of the sieve analysis for the 
tested mineral additives.

Table 2 presents the characteristic parameters of the 
tested materials obtained on the basis of the sieve analysis.

The results of the sieve analysis presented in Table 
2 show that the PO-3 perlite ore sample had the highest 
mean grain size. Moreover, this sample had the highest 
degree of homogeneity, the smallest specific surface 
area (2,93 m2/kg), and 99,34 % of the main fraction 
was collected on three adjacent sieves. Among the ex-

amined samples of perlite ore, the PO-1 sample, which 
is also characterised by the lowest degree of homoge-
neity but the highest number of granularity (L = 
150,52), had the highest specific surface area resulting 
from the highest degree of grinding. A sample of 
ground vermiculite had the largest specific surface re-
sulting from the greatest grinding, as evidenced by the 
highest number of grains. In turn, this sample had the 
lowest degree of homogeneity, with the main fraction 
accounting for 82,96 % of the total.

Figures 1 - 5 show the results of gas activity deter-
mination for samples of perlite (PO) ore and vermicu-
lite (V) conducted at a temperature of 1 000 °C.

Figure 1 Gas emission from the perlite ore (PO-1)

Table 1 Sieve analysis of perlite ore and vermiculite

Sieve 
number 

Recalculated screenings
PO-1 PO-2 PO-3 V

1,600 0,00 0,00 0,00 0,00
0,800 0,03 0,01 35,81 0,00
0,630 0,07 0,09 56,91 0,00
0,400 0,06 53,78 6,62 0,06

0,320 0,47 27,56 0,14 0,13
0,200 3,76 9,98 0,12 3,36
0,160 1,94 3,56 0,08 9,83
0,100 38,84 3,71 0,06 22,54
0,071 37,54 0,69 0,08 13,34
0,056 1,06 0,05 0,03 3,66

Bottom 16,23 0,57 0,15 47,08
Sum 100,00 100,00 100,00 100,00

Table 2  The characteristic parameters of the tested 
materials

Parameter PO-1 PO-2 PO-3 V
Graininess number AFS 150,52 41,36 16,52 199,91
Average grain size / mm 0,08 0,31 0,77 0,06
Geometric mean / mm 0,09 0,39 0,83 0,07
Arithmetic mean / mm 0,11 0,41 0,87 0,09
Harmonic mean / mm 0,08 0,34 0,77 0,06

Median / mm 0,10 0,42 0,73 0,07
Main fraction / % 92,61 91,32 99,34 82,96

Distribution factor 1,27 1,20 1,15 1,93
Inclination indicator 1,04 0,99 1,22 0,98

Homogenity degree /% 61,00 74,00 76,00 21,00
Proper surface / m2/kg 27,36 6,60 2,93 38,35
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From the results of gas production studies presented 
in Figures 1 - 5, it can be concluded that the degree of 
grinding of the perlite ore does not significantly affect the 
amount of gases (water vapour) generated during its 
heating. It should be noted that the largest portion of gas 
(though only slightly) was released from the PO-2 sam-
ple. The highest gas formation was observed for the 
ground vermiculite sample. A sample of the same mass (1 
g) produced an average of about 20 cm3 more gas than 
perlite ore, which equates to 33 % higher gas emissions.

The higher gas formation of vermiculite indicates a 
greater amount of water accumulated in the material 
structure. Thus, when pouring the moulds with the liq-
uid casting alloy at a temperature above 1 000 °C, more 
energy is released due to the rapidly occurring dehy-
droxylation reaction combined with a significant in-
crease in volume. Thus, vermiculite has a more favour-
able effect on the reduction of the final strength of 
moulding sands with inorganic binders and on improv-
ing their knock-out properties. This makes it possible to 
use a smaller amount of the additive in order to obtain 
the desired effects. Vermiculite is introduced into 
moulding and core sands in the form of a powder, and 
therefore may have a negative effect on the ability of 
the mould to evacuate gases (permeability) and grinda-
bility. Therefore, it should be dosed to the moulding and 
core sands in an appropriate amount. It should be par-
ticularly emphasized that the introduction of mineral 
(inorganic) additives does not result in a deterioration of 
the ecological properties of the sand.

CONCLUSIONS

The degree of grinding of the perlite ore does not 
significantly affect the amount of gases (water vapour) 
generated during its heating.

The vermiculite sample of the same mass  
(1 g) produced an average of about 20 cm3 more gas than 
perlite ore, which equates to 33 % higher gas emissions.

The vermiculite has a more favourable effect on the 
reduction of the final strength of moulding sands with 
inorganic binders and on improving their knock-out 
properties.

The vermiculite should be dosed to the moulding 
and core sands in an appropriate amount - possible re-
duction of permeability and grindability.

It should be particularly emphasized that the intro-
duction of mineral (inorganic) additives does not result 
in a deterioration of the ecological properties of the 
moulding and core sands.
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