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A b s t r a c t

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 

compressive strength.
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IMPACT OF BASALT AGGREGATE ON POROSITY  

AND STRENGTH OF SILICATE PRODUCTS

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].

of suitability pointed out to basalt aggregate as the 

most suitable. Basalt is characterized by high density 

improve the physical and mechanical properties of a 

Though widely used, sand-lime products are still 

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 

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 

a solid i.e. silicate). The adsorbed substance is called 

an adsorbate and the substance on which this process 

consists also of various pores and ducts. Depending 

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 

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 
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the analysed product. Silicates are porous materials, 

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 

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 

traditional silicate products as well as the products 

and size. Three kinds of tests were made. They 

contributed to the knowledge and systematization 

in proportion to the product mass, respectively.

The following tests were made:

– 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 

220 mm.

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 

silicate products. The process of water absorption 

through capillary rising by the sample consisted in 

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 

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 

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:

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 

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 

value does not concern the area of closed pores. 
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S the smaller values of pore radii R. Large 

c) total pore volume Vp which corresponds to the 

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. 2. Strength test of a traditional silicate product

The analysis results are shown on the below chart.

percentage share of aggregate

silicate strength on its composition. The strength 

of a traditional product was about 20 MPa, while 

greater compression strength. The application of 

basalt aggregate of high density increased the density 

their compressive strength. The strength optimum 

proportion to the product mass. However, a further 

increase in the share leads to the decrease in strength. 

structure may also lead to the worsening of other 

physical and mechanical characteristics.

mezzo- and macro pores) is based on the different 

pores according to their size in the following way:

diameter in a traditional silicate
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Fig. 6. Distribution of pore volume in a traditional silicate

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 

are distributed in a more varied and non-uniform way.

Figures 7 and 8 present dependencies between the 

lime products.

Fig. 7. Dependency of the volume of pores on their 

Figure 7 shows dependency between the volume 

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 

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 

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 mezo pores in the tested product. 

mezo pores of the smallest diameter that occurs here 

while the distribution and volume of macro pores 

Summarizing of the above facts we may state that: 

smoothest way in relation to the remaining two. For 

the purpose of better understanding of the obtained 

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. 

Fig. 9. Difference in water absorption in traditional  
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The above chart presents water absorption ability 

by two types of the tested elements. Each material is 

Due to its microporous (microcapillary) structure, 

the silicate brick absorbs water very quickly, but 

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. 

silicates are characterized by the considerably greater 

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 

have been damped a little above the half of their height 

4. Conclusions

1. The change in the structure of silicate products

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.

by basalt aggregate reduced absorbability caused 

by capillary rising of the new silicate product.

aggregate into the sand-lime product caused 

formation of additional pores of different diameters. 

Consequently that brought about a change in the 

aggregate may lead to improvement of some 

assumed physical and mechanical properties, 

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 
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-

-

-

w pomieszczeniu.

-

-

-

dzona w celu dobrania najbardziej odpowiedniego, 

-

i rozmiaru porów) wyrobów silikatowych, ma klu-

czowe znaczenie w wielu procesach, szczególnie 

-

-

ga adsorpcji nazywana jest adsorbatem, a substan-

cja na której ten proces zachodzi – adsorbentem lub 

-

-

-

-

gla aktywnego. 

-

-

-

-

adsorbatu zaadsorbowanego na powierzchni badanego 

-

-

-

-

-

-

-

-

i usystematyzowaniu zarówno struktury, jak i tek-

stury wyrobów wapienno-piaskowych tradycyjnych 

-

-

-

towych,
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-

no z wynikami tradycyjnych wyrobów wapienno-

-piaskowych.

-

-

-

-

ich rozmiar.

-

-

-

kruszywem bazaltowym wyrobach. Najkorzystniej 

-

-

-

-

4. Wnioski

-

-

-

-

-

go wyrobu silikatowego.


