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Abstract

This paper presents the key features of calcium silicate products modified by basalt aggregate. The special focus is on
porosity and compressive strength of the products discussed. From a practical point of view, these features are particularly
important in building materials technology. The primary objective of the conducted research is to identify and analyze the
porous structure of traditional and modified products as well as to determine an impact of the basalt aggregate on their

compressive strength.
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1. Introduction

Silicate products are a completely natural building
material consisting of sand, lime and water, so they
are environment-friendly. Silicate products are
characterized by their high strength. Furthermore,
they show high resistance to weather conditions, to
the process of biological corrosion and owing to their
ability to accumulate heat and humidity, silicates
have good properties for regulation of interior heat
and humidity conditions.

Their unquestionable advantage is also a large mass,
which gives them a high acoustic insulation which is
of major importance in modern times. They are widely
used in many European countries as well as on other
continents, though to a smaller degree [1, 2].

The analysis of various filling materials in respect
of suitability pointed out to basalt aggregate as the
most suitable. Basalt is characterized by high density
of 2700 to 3200 kg/m?, which can considerably
improve the physical and mechanical properties of a
product as well as its acoustic properties [4].

Though widely used, sand-lime products are still
scarcely known from a scientific point of view.
Knowledge of structural and textural properties of
silicate products (i.e. their specific surface area and
volume and size of pores) is of key importance in many
processes, especially those connected with catalysis
and adsorption and in testing physical and mechanical
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properties. While scientists succeeded in casting some
light on such features of silicate products such as:
strength, absorbability and absorption, investigations
related to adsorption still are open to many questions.
Adsorption is the process causing accumulation of
molecules on the surface in a condensed form [5] (of
a solid i.e. silicate). The adsorbed substance is called
an adsorbate and the substance on which this process
occurs is called an adsorbent or substrate [3] (silicate
is an adsorbent). An adsorbent’s active surface
consists also of various pores and ducts. Depending
on the degree of adsorbent’s fragmentation, its
specific surface area enlarges.

Widely-used adsorbents include inter alia different
kinds of prepared activated charcoal.

Apart from adsorption [i.e. concentration of
adsorbent on a surface], there is a simultaneous
occurrence of absorption [i.e. the smooth assimilation
of an adsorbate by a silicate product]. The process of
adsorption and absorption is generally called sorption
[6, 7]. Large specific surface area, porosity and the
size of pores are some of the factors influencing
adsorbents’ sorbed capacity. In order to specify the
textural properties of solids, the most-frequently
used methods are based on the measurement of the
amount of adsorbed adsorbate on the surface of the
tested material. The obtained data makes it possible
to calculate the specific surface area and porosity of
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the analysed product. Silicates are porous materials,
therefore they were examined by means of mercury
porosimetry. This method enables measurement of
volume, distribution and size of macro and mezo
pores of solids. It uses one of mercury characteristics
that is the non-wetting of surfaces of the most solids,
thanks to which mercury under lowered pressure
does not automatically penetrate into the pores.
When pressure is increased, mercury intrudes into
the sample’s pores. Knowing the amount of mercury
loaded into the pores under given pressure, we can
determine the volume and size of pores [8].

2.Methodology of experimental examinations

Tests were conducted in accordance with the
previously-assumed methods. Experiments concerned
traditional silicate products as well as the products
modified by basalt aggregate of a specific fraction
and size. Three kinds of tests were made. They
contributed to the knowledge and systematization
both of structure and texture of traditional (standard)
and modified sand-lime products. The content of
basalt aggregate of a given fraction (2-4 mm) in the
modified elements was: 10, 20 and 30% of an addition
in proportion to the product mass, respectively.

The following tests were made:

— strength of modified silicate products,

— absorption caused by capillary rising,

— mercury porosimetry.

The tests results were compared with the results of
traditional sand-lime products.

The strength test was performed on traditional and
modified silicate elements, the size of 180 x 250 x
220 mm.

Fig. 1. Absorption of traditional (B) and modified (A)
silicate products

Sand-lime products underwent tests that aimed to
determine their water absorption. Absorption is a
smooth assimilation of an adsorbate (here: water) by
the entire mass of a silicate product, through capillary
rising. Tests concerned traditional and modified
silicate products. The process of water absorption
through capillary rising by the sample consisted in
submerging face sides (220 x 250 mm) of the analysed
elements in water at a given depth [(in millimeters)]
and for a given time (Fig. 1). The test was conducted
in accordance with the standard PN-EN 772-11 [10].

The method of mercury porosimetry enables
determining the size of pores which minimal radius
depends on maximal pressure achieved during a
measurement. Samples of 4 x 4 x 2 cm were used.
The pore volume of the tested silicate product is
determined on the basis of the known amount of
mercury intruded into the pores as a result of the
applied pressure. This amount is specified by the
capacity method. It was done by measuring changes
in capacity of the condenser whose covers include
an outer, motionless electrode (put on a dilatometer)
and the moveable mercury column in a calibrated
dilatometer pipe. The length of the mercury column
decreases proportionally to the pressure increase. It is
due to the compressibility of mercury and its intrusion
into the pores of the tested material. Knowledge of
the relationship between the current pressure and
the compressibility of mercury makes possible to
determine the amount of mercury which penetrated
the material pores, and consequently the volume of
these pores [8].

Every porous material, including silicates, can be
characterized by basic parameters which describe its
structure. For determining the porous structure of a
solid body these include:

a) average radius of pores R. It’s an average pore
radius for a given porous material. Therefore
we can state that we face a certain distribution
of pore sizes with respect to the radius R. It
is denoted in literature as PSD (Pore Size
Distribution);

b) specific surface area S of a solid body. It is
equal to the total sum of external surface
(Se) and internal surface (Si). The external
surface corresponds to geometric surface area
of porous grains per gram of adsorbent. It is
reversely proportional to the grain size. Pore
walls form the internal surface area. According
to definition, pores have to be open. Thus the Si
value does not concern the area of closed pores.
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Generally, the Si value considerably exceeds
the Se value. The larger specific surface area
S the smaller values of pore radii R. Large
specific surface area (S>500 m?/g) indicates the
existence of narrow pores. The small specific
surface area (S<10 m?/g) is characteristic of
macroporous solids;
¢) total pore volume Vp which corresponds to the
volume of liquid adsorbate that fills in pores
contained in a unit of sorbent mass [11].
During performance of mercury porosimetry it is
also necessary to determine three values. These are:
the bulk and apparent density and percentage share of
pores in the tested element.

3. Results of experiments

Compression of the tested elements is shown in the
photographs below.

Fig. 3. Strength test of a modified silicate product

The test showed increased strength of modified silicates.
The analysis results are shown on the below chart.
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Fig. 4. Dependency of compression strength on the
percentage share of aggregate

Figure 4 shows a chart of dependency of the
silicate strength on its composition. The strength
of a traditional product was about 20 MPa, while
silicates modified by basalt aggregate gained far
greater compression strength. The application of
basalt aggregate of high density increased the density
of modified elements. Consequently, increased
their compressive strength. The strength optimum
ranges from 25 to 35% of the share of aggregate in
proportion to the product mass. However, a further
increase in the share leads to the decrease in strength.
An excessive interference in the sand-lime product
structure may also lead to the worsening of other
physical and mechanical characteristics.

The presently-applied classification of pores (micro-,
mezzo- and macro pores) is based on the different
adsorptive and capillary reactions [UPAC classifies
pores according to their size in the following way:

* micro pores dp <2 nm,

* mezzo pores 2nm < dp < 50 nm,

* macro pores dp > 50 nm [12].
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Fig. 5. Dependency of the volume of pores on their
diameter in a traditional silicate
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Fig. 6. Distribution of pore volume in a traditional silicate

The charts below (Figures 5 and 6) present
dependencies between the diameter of pores and their
volume in traditional sand-lime products. The below
curves shows, that the smaller diameter of pores in a
product, the larger their total volume. The volume of
mezo pores is even in a given range (2-50 nm) and
has the form of a straight line; while the macro pores
are distributed in a more varied and non-uniform way.

Figures 7 and 8 present dependencies between the
diameter of pores and their volume in modified sand-
lime products.
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Fig. 7. Dependency of the volume of pores on their
diameter in a modified silicate
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Fig. 8. Distribution of pore volume in a modified silicate

Figure 7 shows dependency between the volume
of pores and their diameter in products modified by
basalt aggregate. The blue curve (IV 5 Z) indicates a
product with 10% of aggregate, the yellow curve (IV
11 Z) shows a product with 30% of aggregate, and
the pink curve (IV 8 Z) symbolizes a product with
50% of basalt aggregate. Traditional silicate products
consist of sand and lime with a small amount of
water. The insertion of bigger grain-size aggregate
into a product resulted in formation of additional
pores of different diameters. In mercury porosimetry
the best result was obtained by the product with 10%
of basalt aggregate. Curve IV 5 Z has the smoothest
distribution. The charts show that the occurrence
both of mezo and macro pores is similar. However,
the comparison of the results of mercury porosimetry
with the strength test of the product of the identical
content of basalt aggregate gave less optimistic
results. The silicate product with 30% of aggregate
turned out poorly though it is characterized by the
best compression strength. The chart showing the
pore distribution is, in this case, uneven and abrupt.
The content of macro pores considerably exceeds
the content of mezo pores in the tested product.
Curve IV 8 Z contains the smallest total volume of
mezo pores of the smallest diameter that occurs here
while the distribution and volume of macro pores
approximates curve IV 5 Z.

Summarizing of the above facts we may state that:
indicates curve IV 5 Z as the best. The blue curve
(IV 5 Z) shows the least anomalies and runs in the
smoothest way in relation to the remaining two. For
the purpose of better understanding of the obtained
dependencies it’s necessary to conduct an additional
test on the Scanning Electron Microscope (SEM).

Data obtained as a result of the test related to
absorption caused by capillary rising of silicate
products showed the following dependencies.
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. 9. Difference in water absorption in traditional
and modified silicate products
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The above chart presents water absorption ability
by two types of the tested elements. Each material is
characterized by a specific absorbability and humidity.
Due to its microporous (microcapillary) structure,
the silicate brick absorbs water very quickly, but
it stops after a maximum saturation of 16%. Such
water rising does not lower other properties of the
silicate. The present tests aim at improving physical
and mechanical properties of this type of products.
The experiment has shown that traditional (standard)
silicates are characterized by the considerably greater
water absorption than their modified equivalents (Fig.
9). Thus, in the tested products, the change in material
structure contributed to considerable percentage
decrease in water absorption with the simultaneous
increase in strength. Summarizing it up we may state,
that standard silicates have been entirely moistened by
water through capillary rising while modified products
have been damped a little above the half of their height
(where h=17 cm per 22 cm of the product height).

4, Conclusions

1. The change in the structure of silicate products
modified by basalt aggregate improved compression
strength of the products.

2. The application of an addition in the form of basalt
aggregate of high density led to the increase in
density of the product itself.

3. The increase in density of the product modified
by basalt aggregate reduced absorbability caused
by capillary rising of the new silicate product.

4. The introduction of bigger grain-size basalt
aggregate into the sand-lime product caused
formation of additional pores of different diameters.
Consequently that brought about a change in the
structure and texture of the modified product.

5. It has been proved that the increase in density
of a traditional product modified by appropriate
aggregate may lead to improvement of some

18

assumed physical and mechanical properties,
without changing the element’s volume.

6. Theintroduction of30% content ofbasaltaggregate
into the sand-lime product proportionally to the
product mass caused the increase in compression
strength of the silicate product.

7. The most optimal distribution of pores manifests
itself at 10% content of aggregate in the product.
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Wplyw kruszywa bazaltowego na porowatosc
i wytrzymatosc wyrobow silikatowych

1. Wprowadzenie

Wyroby silikatowe sa calkowicie naturalnym ma-
teriatem budowlanym, skladajacym si¢ z piasku,
wapna i wody, sa wigc przyjazne dla $rodowiska
naturalnego. Cechg charakterystyczng silikatow
jest ich znaczna wytrzymato$¢. Ponadto odznaczajg
sie wysoka odpornos$cia na dziatanie czynnikéw at-
mosferycznych, odpornoscia na proces korozji bio-
logicznej, a dzigki zdolnosci do akumulacji ciepta
iwilgoci silikaty posiadajg bardzo dobre wtasciwosci
do regulacji warunkow cieplno-wilgotnosciowych
W pomieszczeniu.

Ich niewatpliwg zaleta jest rowniez duza masa,
ktoéra sprawia, ze cechuja si¢ wysoka izolacyjnoscia
akustyczng, co ma niebagatelne znaczenie w dzisiej-
szych czasach. Na szeroka skalg stosuje si¢ je w wie-
lu krajach europejskich, jak rowniez na pozostatych
kontynentach, cho¢ w mniejszym stopniu [1, 2].

Analiza réznorodnych wypetniaczy, przeprowa-
dzona w celu dobrania najbardziej odpowiedniego,
wskazata na kruszywo bazaltowe.

Wyroby wapienno-piaskowe cho¢ tak powszechnie
stosowane z naukowego punktu widzenia sg jednak
wciaz malo znane. Znajomos$¢ wilasciwosci struk-
turalnych (tj. powierzchni wtasciwej oraz objetosci
i rozmiaru poréw) wyrobow silikatowych, ma klu-
czowe znaczenie w wielu procesach, szczegolnie
zwigzanych z katalizg 1 adsorpcja, jak rowniez przy
badaniu wtasciwosci fizyko-mechanicznych. O ile
naukowcom udato si¢ rzuci¢ nieco §wiatta na takie
cechy wyrobow silikatowych jak: wytrzymatos¢ na
Sciskanie, nasigkliwo$¢ i absorpcja, o tyle badania
nad adsorpcja wciagz pozostawiajg szereg pytan. Ad-
sorpcja to proces powodujacy nagromadzenie si¢
czastek na powierzchni fazy skondensowanej [5]
(ciata statego, czyli silikatu). Substancje, ktora ule-
ga adsorpcji nazywana jest adsorbatem, a substan-
cja na ktorej ten proces zachodzi — adsorbentem lub
podtozem [3] (adsorbentem jest silikat). Powierzch-
ni¢ czynng adsorbentu tworza rowniez réozne pory
i kanaliki. Zaleznie od stopnia rozdrobnienia adsor-
bentu zwicksza si¢ jego powierzchnia wtasciwa. Do
czesto stosowanych adsorbentow naleza migdzy in-

nymi rézne gatunki specjalnie preparowanego we-
gla aktywnego.

Obok adsorpcji, polegajacej na powierzchniowym
zageszczaniu adsorbatu, wystepuje réwnolegle zjawi-
sko absorpcji, ktore polega na rownomiernym pochta-
nianiu adsorbatu przez wyréb silikatowy. Zjawisko
adsorpcji i absorpcji nazwano ogo6lnie sorpcija [6, 7].
Duza powierzchnia wtasciwa, porowatos¢ oraz roz-
miar porow sa jednymi z czynnikow wptywajacych
na zdolnos¢ sorpcyjng adsorbentow. W celu okresle-
nie wlasciwos$ci teksturalnych ciat statych stosowane
sa najczesciej metody polegajace na pomiarze ilosci
adsorbatu zaadsorbowanego na powierzchni badanego
materiatu. Na podstawie otrzymanych danych mozliwe
jest obliczenie powierzchni wlasciwej 1 porowatosci
wyrobu poddanego analizie. Silikaty to materiaty po-
rowate, dlatego tez zostaly poddane doswiadczeniom
7 zastosowaniem porozymetrii rteciowej. Wykorzystu-
je si¢ w niej jedna z cech rteci, jaka jest brak zwilzalno-
$ci powierzchni wiekszosci ciat statych. Zwigkszenie
cisnienia powoduje ,,wepchnigcie” rteci do wnetrza
poréw. Znajac ilos¢ rteci wttoczonej pod danym ci-
$nieniem do wnetrza poréw mozliwe jest okreslenie
objetosci porow oraz ich rozmiaréw [8].

2. Metodyka badan eksperymentalnych

Badania wykonano wedlug wczesniej przyjetej
metodyki i w oparciu o norm¢ PN-EN 772-11. Do-
swiadczeniom poddano tradycyjne wyroby silikato-
we, jak rowniez te modyfikowane kruszywem bazal-
towym o okreslonej frakcji i wymiarach. Wykona-
no trzy rodzaje badan, ktéore pomogly w poznaniu
1 usystematyzowaniu zarowno struktury, jak i tek-
stury wyrobow wapienno-piaskowych tradycyjnych
oraz modyfikowanych. Zawarto$¢ kruszywa bazal-
towego o okreslonej frakcji (2-4 mm) w modyfiko-
wanych elementach wynosita odpowiednio 10, 20
1 30% dodatku w stosunku do masy wyrobu.

Wykonano nastepujace badania:

—  wytrzymato$¢ modyfikowanych wyrobow silika-

towych,

— absorpcje spowodowang podcigganiem kapilarnym,

— porozymetri¢ rtgciowa.
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Uzyskane w wyniku do$wiadczen dane zestawio-
no z wynikami tradycyjnych wyrobow wapienno-
-piaskowych.

3. Wyniki badain eksperymentalnych

Rysunek 4 przedstawia wykres zalezno$ci wytrzy-
matosci silikatu w odniesieniu do jego sktadu. Wy-
trzymatos$¢ tradycyjnego wyrobu wyniosta okoto 20
MPa, podczas gdy silikaty modyfikowane kruszywem
bazaltowym uzyskaty znacznie wigkszg wytrzymatos¢
na S$ciskanie. Zastosowanie kruszywa bazaltowego
o duzej gestosci doprowadzito do zwickszenia gestosci
elementow modyfikowanych, a tym samym do pod-
niesienia ich wytrzymatosci na $ciskanie. Optimum
wytrzymatosciowe znajduje si¢ w przedziale 25-35%
udziatu kruszywa w stosunku do masy wyrobu. Dalsze
zwigkszanie udziatu tego rodzaju kruszywa w wyrobie
powoduje jednak spadek wytrzymatosci. Nadmierna
ingerencja w struktur¢ wyrobu wapienno-piaskowego
moze doprowadzi¢ réwniez do pogorszenia si¢ innych
cech fizyko-mechanicznych tych elementow.

Obecnie stosowana klasyfikacja porow (mikropory,
mezopory i makropory) oparta jest na réznicy zacho-
dzacych w nich zjawisk adsorpcyjnych i kapilarnych.
Pory klasyfikowane sg przez IUPAC ze wzgledu na
ich rozmiar.

Wykresy (rys. 5 1 6) przedstawiajg zaleznoSci mig-
dzy srednicg poréw a ich objetoscia w tradycyjnych
wyrobach wapienno-piaskowych. Z ponizszych krzy-
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wych mozna odczyta¢, ze im mniejsza jest srednica
porow wystepujacych w wyrobie, tym wigksza jest
ich objetos¢ sumaryczna. Objeto$¢ mezoporoéw jest
réwnomierna w okreslonym przedziale (2-50 nm)
1 przybiera postac prostej, natomiast rozktad makro-
porow jest bardziej zroznicowany i niejednorodny.

Na rysunek 7 przedstawiono zalezno$¢ pomigdzy
objetoscig porow a ich $rednica w modyfikowanych
kruszywem bazaltowym wyrobach. Najkorzystniej
w porozymetrii rtgciowej wypadl wyrdb z 10% za-
wartoscig kruszywa bazaltowego. Na wykresach wi-
da¢, ze wystepowanie zarOwno mezo- jak i makropo-
row jest zblizone.

Wyro6b silikatowy z 30% zawartoscig kruszywa wy-
padt niekorzystnie, cho¢ odznacza si¢ on najlepsza
wytrzymaloscig na $Sciskanie.

4. Wnioski

1. Zmiana struktury wyrobow silikatowych mody-
fikowanych kruszywem bazaltowym korzystnie
wptynela na poprawe wytrzymatosci na $ciska-
nie powstatego wyrobu.

2. Zastosowanie dodatku w postaci kruszywa ba-
zaltowego o duzej gestosci spowodowato tym
samym zwigkszenie gestosci samego wyrobu.

3. Wzrost gestosci wyrobu modyfikowanego kru-
szywem bazaltowym ograniczyt absorpcyjnosé
powodowang podcigganiem kapilarnym nowe-
go wyrobu silikatowego.



