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In this paper, the properties of plasters based on lime – brick powder binder of varying composition (ceramics content 

from 0 to 80 %) are studied. The plasters are prepared with a constant water amount. The pore size distribution is thus 

influenced in a positive way; the total porosity increases with the ceramics content but the volume of capillary pores is 

reduced. It results in lower water vapor diffusion resistance factor while the apparent moisture diffusivity coefficient 

increases just moderately. The influence of ceramic on strength of plasters is not found very important. The thermal 

conductivity of plasters containing ceramics is lower than those with the pure lime what is again in agreement with the 

pore size distribution. It can be concluded that fine brick powder can be used as pozzolanic admixture in lime based plasters 

with a positive influence on its functional parameters.  
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1. INTRODUCTION 

Plaster was always a part of dwelling constructions, 

penthouses or stables for animals. History of plasters is very 

complicated. Plasters cannot be simply classified into 

architectural styles. Production technology of plasters and 

their application were part of heirloom. In the course of 

time, it was found out that the production technology 

depends on many aspects, such as the usage of basic raw 

materials, manipulation with fresh plaster mixtures and type 

of foundation. Elif Ugurlu and Hasan Boke researched 

historical brick plasters in environment with a higher 

relative humidity and temperature (at a spa) [1]. Vejmelková 

et al. searched for a possibility of lime replacement in 

plasters by some pozzolanic material and studied the effect 

of metakaolin on final plasters properties [2, 3]. 

One of the main efforts in materials engineering is to 

improve properties of conventional building materials with 

respect to environmental and economic parameters. We 

have combined two perspectives – classic pure lime plaster 

(traditional building material) with a content of a finely 

brick (waste material). The utilization of finely waste brick 

powder as pozzolanic component of lime mortars and 

plasters is a feasible way to obtain more durable and cost- 

effective product. The fine ceramic powder is a waste 

originating in grinding process in the production of thermal 

insulation ceramic brick blocks. 

The previous chemical analyses confirmed the 

pozzolanic activity [4] of finely brick powders which can 

assist in the creation of better bound connections. The main 

objective of this work is to find an appropriate ratio for the 

replacement of lime by a finely brick powder in plaster 
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mixtures. Appropriate ratio of brick powder in new type of 

plaster was determined using selected parameters, namely 

the basic physical, hygric, thermal and mechanical 

properties 

2. MATERIAL 

The composition of studied plasters is shown in Table 1. 

The lime-based plaster contains different percentage of a 

fine ceramic powder, which is produced as a waste by 

company Heluz s.r.o. (Czech Republic); the same waste was 

used in studies Holčapek [5] and Jogl [6]. The chemical 

composition of finely ceramic ash is given in Table 2. This 

waste material is produced by grinding of calibrated ceramic 

thermal insulation blocks. The slaked lime CL 90 S 

(Table 3) is produced by the company Čertovy schody a.s. 

The reference material is pure lime plaster labelled as LBR. 

Modified plasters with an increasing content of ceramic 

were labelled LB1 to LB6. The ratio of water and all dry 

substance (lime, brick powder and sand) was kept constant 

(0.2); consistency of plaster was tested according to [7].  

3. EXPERIMENTAL METHODS 

3.1. Basic physical properties 

The basic physical properties were determined by help 

of specimens with the shape of cubes 50 x 50 x 50 mm. Bulk 

densities ρ [kg/m3] [8], matrix densities ρmat [kg/m3] and 

open porosities ψ0 [%] were determined by measurement of 

mass and dimensions of specimens in laboratory conditions. 

Drying of samples was performed in a drier at 80 °C.  
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Table 1. Composition of studied plasters 

 

Table 2. Chemical composition of finely brick powder 

Component Amount, % 

SiO2 51.3 

Al2O3 20.0 

Fe2O3 6.0 

CaO 11.5 

MgO 4.5 

K2O 3.2 

Na2O 1.3 

TiO2 0.8 

SO3 1.0 

Table 3. Chemical composition of slaked lime 

Component Amount, % 

CaO + MgO ≥ 90 

MgO ≤ 5 

CO2 ≤ 4 

SO3 ≤ 2 

Free lime ≥ 80 

Water ≤ 2 

Air ≤ 12 

After that cubes’ masses md [kg] were again measured 

and those samples were vacuum saturated by water [9], it 

means that samples were placed to the evacuated desiccator 

with water for at least 48 hours and weighed again in the 

saturated state mw and under the water level (with the help 

of Archimedes scales) ma [kg]. Density of water is marked 

ρl [kg/m3] and volume of specimen is marked V [m3]. These 

measured values then were used for calculations: 

; (1) 

; (2) 

; (3) 

. (4) 

The matrix density can be determined also by helium 

pycnometry. This experiment was carried out by device 

“Pycnomatic ATC” produced by company Thermo. This 

device has analogous principle as classic pycnometry. 

3.2. Pore system 

The pore system characteristics were measured by 

mercury intrusion porosimetry. This experiment was carried 

out by the devices “Pascal 140 and 440”. The results are 

cumulative and incremental pore size distribution curves. 

3.3. Mechanical properties 

The standard three-point bending strength was 

determined by the device MTS 100 (by company MTS) 

while the distance between supports was 100 mm. The 

compressive strength was determined by the device EU 40. 

These measurements were performed on prisms with 

dimensions 40 x 40 x 160 mm. The experiments were 

conducted according to the standard ČSN EN 1015 – 11 

[10]. 

3.4. Hygric properties 

Atmosphere contains water vapour, which can pervade 

porous material. Water vapour transport is described by 

water vapour diffusion coefficient D [m2/s], which was 

obtained employing cup methods (the dry and wet cup 

method [11]). The idea is to make two environments with 

different relative humidity and separate them by the sample. 

Water vapour transport is then going on from the place with 

higher partial pressure to the place with lower partial 

pressure. The cup methods were using circular samples with 

diameter of 120 mm. The cups were placed in a controlled 

climatic chamber with 50 % relative humidity. In the dry 

cup method silica gel was used, while in the wet cup method 

water was placed in the cup. The cups were periodically 

weighed.  

The moisture diffusivity κ [m2/s] was determined by a 

simple absorption experiment [12]. The studied materials 

were immersed 1 – 2 mm to water. The mass gain was 

recorded by a digital scale and special computer program. 

The water absorption coefficient A [kg/m2s1/2] was 

determined from measured data. 

The measurement of sorption isotherm was performed 

by the device DVS Advantage 2. The studied material was 

put into a special steel tube and different values of relative 

humanity (0, 20, 40, 60, 80 and 98 %) were set [13]. 

3.5. Thermal properties 

The thermal conductivity λ [W/m K] and specific heat 

capacity c [J/kg K] were determined by the device ISOMET 

2104 - Applied Precision. ISOMET 2104 [14] is a portable 

and nonstationary device. Its measurement is based on the 

analysis of the temperature response of the analyzed 

material to heat flow impulses. The heat flow is induced by 

electrical heating using a resistor heater having a direct 

thermal contact with the surface of the sample. Thermal 

properties are strongly influenced by the material´s moisture 

content. The measurement was done on the samples with 

dimensions of 70 x 70 x 70 mm in dried state as well as in 

water saturated state. 
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0.2 

130/130 

LB1 3.45 0.30 8 3.75 3.75 3.75 155/155 

LB2 3.00 0.75 20 3.75 3.75 3.75 165/165 

LB3 2.40 1.35 36 3.75 3.75 3.75 155/160 

LB4 1.80 1.95 52 3.75 3.75 3.75 160/160 

LB5 1.35 2.40 64 3.75 3.75 3.75 160/160 

LB6 0.75 3.00 80 3.75 3.75 3.75 180/180 
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4. EXPERIMENTAL RESULTS 

4.1. Basic physical properties 

The values of the basic physical properties measured by 

the water vacuum saturation method are given in Table 4. 

For comparison they were measured also by the helium 

pycnometer (Table 5). The vacuum saturation method 

provided somewhat lower values of porosity since it 

corresponds to open porosity while the results of helium 

pycnometry describe the total porosity. The values of bulk 

and matrix density vary slightly. The dependency of bulk 

densities on amount of ceramic admixture has convex 

character. The values of open porosity show no great 

difference, by water vacuum saturation 4 % and by helium 

pycnometer 3 %. 

Table 4. Basic physical properties obtained by water vacuum 

saturation method 

Material ρ, kg/m3 ρmat, kg/m3 ψ0, % 

LBR 1811 2554 31.1 

LB1 1794 2588 32.9 

LB2 1761 2598 34.9 

LB3 1759 2613 35.0 

LB4 1762 2614 35.2 

LB5 1770 2565 34.1 

LB6 1785 2593 33.2 

Table 5. Basic physical properties obtained by helium pycnometry 

Material ρ, kg/m3 ρmat, kg/m3 ψ, % 

LBR 1760 2590 32.1 

LB1 1750 2609 32.9 

LB2 1703 2616 34.9 

LB3 1709 2631 35.0 

LB4 1706 2632 35.2 

LB5 1734 2630 34.1 

LB6 1765 2644 33.2 

4.2. Pore system 

Fig. 1 and Fig. 2 show the pore size distribution curves 

of the studied plasters. In the figures a growth of the open 

porosity and, thus, different pore distributions (quantity and 

size) can be seen. Reference sample LBR has maximum of 

pores with the diameter about 0.5 µm while plasters with 

ceramic powder show the maximum of pores with diameter 

about 1.0 µm (Fig. 1). This fact has an influence on 

materials properties.  

4.3. Mechanical properties 

The values of mechanical properties (bending strength, 

compressive strength) of studied plasters are given in 

Table 6. The results correspond to the measured values of 

open porosity. By adding the ceramic admixture the values 

of the compressive and bending strength decrease. The 

plasters with the highest dosage of pozzolanic admixture 

(LB5, LB6) show increase of compressive strength but they 

reach lower values than pure lime plaster (LBR). Similar 

mechanical results with brick powder in mortars were 

presented in other studies [15, 16].  

4.4. Hygric properties 

Table 7 and Table 8 show values of water vapour diffusion 

parameters of all studied plasters; results from dry cup and 

wet cup arrangements are presented. The values of the water 

vapour diffusion coefficient D increase with a growing 

pozzolanic admixture ratio. The values of the water vapour 

diffusion resistance factor µ decrease with an increasing 

pozzolanic admixture ratio. 

 
Fig. 1. Incremental pore size distribution curves 

 
Fig. 2. Cumulative pore size distribution curves 

Table 6. Mechanical properties 

Material 
Bending strength, 

MPa 

Compressive strength, 

MPa 

LBR 0.62 1.71 

LB1 0.52 1.53 

LB2 0.49 1.43 

LB3 0.43 1.39 

LB4 0.40 1.37 

LB5 0.37 1.47 

LB6 0.38 1.53 

Table 7. Water vapour transport properties – dry cup  

Material D, m2/s µ, - 

LBR 6.20 E-07 37.12 

LB1 6.53 E-07 35.41 

LB2 6.75 E-07 34.09 

LB3 6.95 E-07 33.13 

LB4 7.16 E-07 32.16 

LB5 9.15 E-07 25.15 

LB6 9.73 E-07 24.25 

The value of water vapour diffusion coefficient 

D [m2/s] of plaster LB6 grows by 36 % (dry cup) in 

comparison with the reference lime plaster LBR. The value 

of the water vapour diffusion resistance factor µ [-] of 

plaster LB6 decreases by 35 % (dry cup) and by 17 % (wet 

cup) in comparison with the lime plaster LBR. The 
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difference between results of the dry cup and wet cup 

methods was already observed in other cases; it is probably 

due to the distortion of wet cup results by capillary 

condensed water transport [17]. 

Table 8. Water vapour transport properties – wet cup 

Material D, m2/s µ, - 

LBR 2.24 E-06 10.95 

LB1 2.46 E-06 9.60 

LB2 2.64 E-06 8.89 

LB3 2.79 E-07 8.24 

LB4 2.55 E-06 9.02 

LB5 2.51 E-06 9.19 

LB6 2.54 E-06 9.09 

Liquid water transport properties of studied materials 

are given in Table 8. The values of the water absorption 

coefficient A [kg/m2s1/2] increase with an increasing 

pozzolanic admixture ratio. The value of the water 

absorption coefficient A of plaster LB6 increases 2 times in 

comparison with lime plaster LBR. For better illustration of 

water absorption process of studied plasters, graphs of 

cumulative moisture increment are given in Fig. 3. 

Table 9. Liquid water transport parameters 

Material A, kg/m2s1/2 κ, m2/s 

LBR 0.0998 1.359 E-07 

LB1 0.1533 2.645 E-07 

LB2 0.1728 3.054 E-07 

LB3 0.1849 3.677 E-07 

LB4 0.1871 3.421 E-07 

LB5 0.1748 2.859 E-07 

LB6 0.2049 4.352 E-07 

 

Fig. 3. Cumulative moisture increments 

Fig. 4 and Fig. 5 show the sorption and desorption 

isotherm of studied materials. One can see that with an 

increasing pozzolanic admixture ratio the material´s ability 

of relative humidity absorption grows. These results 

correspond to the characteristics of the pore system. 

4.5. Thermal properties 

Thermal properties of studied plasters are given in 

Table 10 (in dry state) and Table 11 (in water saturated 

state). The highest values of thermal conductivity λ show the 

reference plaster LBR. The values of thermal conductivity 

decrease with an increasing ceramic admixture ratio. The 

values of specific heat capacity cu vary slightly. The thermal 

conductivity of plaster LB6 decreases by 50 % in the dry 

state and by 10 % in the saturated state in comparison with 

lime plaster LBR. 

 

Fig. 4. Sorption isotherms of studied plasters 

 
Fig. 5. Desorption isotherms of studied plasters 

Table 10. Thermal properties of studied plasters in the dry state 

Material w, % m3/m3 λ, W/mK cu, J/kgK 

LBR 0.00 1.35 807 

LB1 0.00 0.92 817 

LB2 0.00 0.81 846 

LB3 0.00 0.77 851 

LB4 0.00 0.75 857 

LB5 0.00 0.79 831 

LB6 0.00 0.71 841 

Table 11. Thermal properties of the studied materials in the 

saturated state 

Material w, % m3/m3 λ, W/mK cu, J/kgK 

LBR 24.432 2.80 1208 

LB1 26.837 2.57 1254 

LB2 29.159 2.57 1319 

LB3 27.833 2.52 1306 

LB4 29.777 2.49 1338 

LB5 28.320 2.56 1293 

LB6 28.846 2.52 1305 

4. CONCLUSIONS 

In this article new types of plasters with an addition of 

brick powder were investigated. The fine brick powder is a 

waste originating in grinding process in production of 

thermal insulation ceramic brick blocks. The aim of the 
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study was to find out appropriate application of this 

secondary raw material. 

The values of basic physical properties (bulk density, 

matrix density and open porosity) varied slightly. Pore 

systems showed different structure, reference sample LBR 

had the highest amount of pores with diameter about 0.5 µm 

while plasters with ceramic powder showed maximum of 

pores with diameter about 1.0 µm. The effect of ceramic 

admixture on the mechanical properties was manifested by 

a convex function, at first the values of compressive strength 

went down, while in higher amount of addition they started 

to grow. The values of the water vapor diffusion coefficient 

D, water absorption coefficient A and sorption isotherm 

increased with an increasing pozzolanic admixture ratio. 

The values of thermal conductivity λ decreased with an 

increasing ceramic admixture ratio, but the values of 

specific heat capacity cu varied slightly. The plaster LB6 

was the best thermal insulator. 

Regarding the presented results, the best solution 

seemed to be the material with 8 % of brick powder. 

However from the ecological and economical point of view, 

plaster containing 20 % of finely ceramic powder 

represented a more effective utilization of waste material. 

This plaster labelled as LB2 achieved appropriate properties 

for its good applicability and also contained a sufficient 

amount of waste admixture. 
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