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Abstract. Indoor finishing materials considerably influence indoor climate because of their 
moisture buffering ability occurring due to the sorption and diffusion properties of materials. 
Eight different clay-sand plaster mixtures were studied. Mineral content and particle size distri-
bution were estimated for all specimens. Hygroscopic sorption properties were determined and 
climate chamber method was used at temperature of 23±0.5 °C. To describe the dynamics 
during the first hours, the specimens were weighed at 1, 2, 3, 6, 12, 24 hours after changing the 
humidity level. Moisture uptake (kg/m2) and moisture uptake rate kg/(m2h) within the very first 
hours at 0…30, 30…50 and 50….80%; moisture content at RH level of 30%, 50% and 80%; 
points (30, 50 and 80%) at sorption curve were monitored. There were large differences in 
sorption properties depending on clay type and plaster recipes. Total uptake of moisture at 30, 
50 and 80% of RH for 2.5 cm plaster was 9.4-301.1, 17.5-465.9 and 41.6-744.9 g/m2 accord-
ingly. The principles given in the standard EN 1015-19 were followed when determining water 
vapour permeability properties. The same specimens were used for both tests. Water vapour 
diffusion equivalent air layer thickness Sd=0.08-0.12 m was recorded. Strong positive correla-
tion was found between the amount of calcite and sorption properties of plasters. 

Keywords: Clay Plaster, Hygroscopic Sorption, Water Vapour Permeability, 
Moisture Buffering  

1 Introduction 

The necessary ventilation rate of a room depends on several aspects - heat production, 
the presence of CO2 or other gases, moisture, airborne particles, smoke, body odour 
etc.  Ventilation rates calculated on the basis of CO2 balance can differ from the rate 
calculated on the basis of moisture balance. Several household activities increase 
moisture production significantly and regulating ventilation rate by one criterion re-
sults in too high or low relative humidity. The buffering ability of indoor finishing 
materials enables to smooth the peaks of indoor humidity. The moisture buffering 
value of materials (MBV) was studied several authors [1, 2], and a definition scheme 
for the moisture buffer phenomena in indoor environment divided into three descrip-
tive levels – material level, system level and room level – was offered. Fluctuating 
variation of moisture buffering can be seasonal or diurnal, also differences between 
workdays and weekends can be significant. In practice attention is mostly paid to 
diurnal moisture buffering variations like proposed by NORDTEST method [1].  
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Janssen [3] introduced the formula for MBVpractical [g/(m2·%RH)] calculations includ-
ing moisture mass (min and max) in finishing sample and range of RH levels applied 
in the measurement. Thermal effusivity [3] is defined as the square root of the prod-
uct of material density, specific heat capacity, and thermal conductivity. When intro-
ducing moisture effusivity bm [kg/(m²Pa·s½)]  in a similar way, it  describes the 
ability of a material to absorb or release moisture. A daily hygroscopic inertia in-
dex, Ih,d, was defined by Ramos [5, 6] as a function of MBV  which takes ventilation 
and time into account. All the parameters described above need quite exact numbers 
for calculation.  
McCregor [7] found out that soil selection (minerals and particle size distribution) is 
more important for the moisture buffering of clay product than changes can be made 
to a particular soil (density etc). The clay mineral kaolinite is known as a mineral 
which absorbs most of water within the first minute and at temperature under 100º C, 
and it hardly gives up any water [8]. Montmorillonite (Smectite) is known as a miner-
al easily absorbing water and also its expansion is remarkable. But for example clays 
in Estonia do not seem to be rich in smectite [9], only illite-smectite and kaolinite can 
be found.  
Schneider and Goss [10] presented a revised pedotransfer function (PTF) that predicts 
water sorption isotherms for dry soils based on the clay content of the soil. This PTF 
appears to apply to soils with more than 7% clay and with a clay fraction that consists 
mostly of 2:1 clays. Soils that contain mostly kaolinite as the dominant clay mineral 
cannot be described by the log linear function proposed by Campbell and Shiozawa 
[11] and sorb substantially less water than predicted. Arthur [12] studied the possibili-
ties of prediction of clay content from water vapour sorption isotherms considering 
hysteresis and soil organic matter content. He presented new regression relationships 
for estimating clay content from water contents at 10% RH values, and taking into 
account hysteresis and organic carbon content, by exploiting the relationship between 
clay content and soil water content from 3 to 93% RH. The study presented focuses 
on the possible differences within the “same material” i.e. different products known 
by the  common name  “clay plaster”.  The main components of clay plaster are sand 
and clay – both of which are mineral resources with very different properties because 
of their chemical composition or particle size distribution. 

2 Materials and Methods 

The study focuses on the hygrothermal properties of clay plasters. Eight different 
clay-sand plaster (6 specimen each) mixtures were used and marked on the specimens 
(with diameter approx. 100 mm and thickness approx. 25 mm). Mineral content and 
particle size distribution were estimated for all specimens. All the plaster mixtures 
tested were produced by manufacturers and the exact content of recipes was not avail-
able for study. Only water was added in the laboratory. Short description of mixtures 
is presented in Table 1. All materials are relevant for indoor use and usually have 
some surface coating and the influence of coatings must be studied, but separately. 
The study focuses on plasters but some preliminary data about coatings is gathered by 
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authors already [13]. 
The consistence of fresh mortar was estimated by standard EVS-EN 1015-
3:2004+A2:2007 [14] and flow table Cooper TCM-0060/E was used. Hygroscopic 
sorption properties were determined by following the principle of the standard [15]. 
Three different levels were under estimation: 30%, 50% and 80% of RH. That is not 
in accordance to the standard, but drawing the whole adsorption curve was not a goal. 
The aim was to study the properties at levels found in literature [16,17] and present 
realistic values. RH hardly exceeds RH=80% in living room, but often in bathroom 
and sometimes in kitchens too.  
To describe the moisture behaviour during the first hours, the specimens were 
weighed at 1, 2, 3, 6, 12, 24 hours after changing the humidity level and with a 
24-hour interval until stabilization [17]. As moisture flow fluctuates daily and differ-
ent humidifying regimes can be used, that kind of weighing enables to get an over-
view of different humidity combinations. The principles of the standard [18] were 
followed when determining water vapour permeability properties.  
The same specimens were used for both tests. Clay plaster was embedded into a plas-
tic cylinder cut from a plastic pipe. A plastic film and silicon hermetic were used for 
tightening. The following equipment was used to carry out the tests: climate chamber 
RUMED 4101 affording RH 20...95%, with accuracy ±2-3%, and temperature 
0-+60°C with accuracy ±0.5°C; digital balance Memmert PC440 Delta Range 0.5-
400g, with accuracy 0.01g for sorption and Mettler 0-1,200 g and accuracy of 0.01g 
for water vapour permeability. 
Mineralogical composition was estimated at the Institute of Ecology and Earth Sci-
ences of Tartu University by a professor of the Department of Geology Kalle 
Kirsimäe. X-ray diffraction method with XRD spectrometer Bruker D8 Advance was 
used. Particle size distribution was estimated by wet sieving analyses by standard 
EVS-EN1015-1:2004 [19]. The measurement of the 0.063 mm sieve enables only to 
separate the mixture of silt and clay as a total from sand particles. The calculation 
formula of fineness modulus for sand was used to describe plasters with one distin-
guishable number and make results easily comparable. 

3 Results  

Moulds used are uniform by size. However - dry weight, volume and dry density of 
specimens have variance (Table 1) because of shrinkage (volume of groups III and 
VI) and/or additives (dry density of group VIII) (Figure 1). All mixtures were pre-
pared with a minimum water content indicated in the recipes as first choice. Mixture I 
received diameter of 19 mm on flow table with minimum water content. Mixture with 
hemp shives had not flowability. For other recipes some water was added. Shrinkage 
during the drying was very different and can be seen in photos (Figure 1) being about 
<1 mm for white (VII) up to 6 mm for dark red (III, VI). Preventing extra moisture  
release between cylinder and specimen silicon was used for tightening. 
Sorption. In the first stage the specimens dried to 0% of moisture content were put to 
the climate chamber supplied with temperature 23°C with RH of 30%. A problem 
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occurred  - after drying and during cooling there was some water uptake (0.17-0.35 g 
per specimen). This has some influence on the results and desiccants must be used 
more effectively in the future. 

Table 1. Description and properties of clay plaster specimens 

Clay plastr mixture Specimen 
group 

Fresh mortar 
specimen on  
flow table, cm 
 

Hardened mortar specimen 

Dry 
weight, 
g 

Volume 
cm3 

Dry density 
kg/m3 

Red 0-2 mm cattail I 19.0 374 200 1864 
Brown 0-2 mm cattail II 18.0 383 203 1892 
Dark red 0-2 mm cattail III 17.5 347 190 1830 
Blue 0-2 mm cattail IV 17.5 363 199 1826 
Grey 0-2 mm cattail V 17.8 374 206 1812 
Dark red 0-2 mm  VI 16.5 319 176 1808 
White 0-2 mm VII 16.8 353 202 1748 
Dark red 0-2 mm hemp 
shives 

VIII - 258 190 
 

1357 

 

   
I - red 0-2 mm cattail II - brown 0-2 mm cattail III - dark red 0-2 mm cattail 

 
 

 

IV - blue 0-2 mm cattail V - grey 0-2 mm cattail VI - dark red 0-2 mm 

  

 

VII - white 0-2 mm VIII - dark red 0-2 mm hemp 
shives 

 

Fig. 1. Examples of specimen groups  
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The results were registered after the first 1, 2, 3, 6, 12 and 24 hours and afterwards 
every 24 hours. The sorption properties were monitored in two ways: moisture uptake 
(kg/m2) and moisture uptake rate kg/(m2h) behaviour within the very first hours at 0-
30, 30-50 and 50-80%; moisture content at RH level of 30%, 50% and 80%.  
Sorption range RH=0-30%. The rate of moisture uptake (Table 2) was highest dur-
ing the first hour (6.0-14.8 g/(m2h).  The rate of moisture uptake within the first hour 
was highest for plaster groups I, III, VI, VIII (14.2-14.8 g/(m2h)) being  5-20% of 
total moisture uptake. For group I stabilisation time was 48 hours and for III, VI and 
VIII 120 h. The lowest rate of moisture uptake within the first hour was presented by 
group VII (6.0 g/(m2h)) being 64% of total moisture uptake (9.4 g/m2) and stabilizing 
at 24 hours. It can be seen that plasters behave very differently.  

Table 2. Sorption at RH=0-30%. Moisture uptake rate g/(m2h) and total moisture uptake g/m2  

 Sorption   
 1 h 2 h 3 h 120 h  1 h 2 h 3 h 120h 
 g/(m2h) g/(m2h)/g/m2 g/(m2h)/g/m2 g/m2  g/(m2h) g/(m2h)/g/m2 g/(m2h)/g/m2 g/m2 

I 14.4 7.5/21.7 4.3/25.9 71.9 V 11.8 3.0/14.8 3.6/18.4 89.7 
II 8.6 5.0/13.4 4.1/17.5 114.2 VI 14.7 8.8/23.5 6.8/30.3 301.1 
III 14.8 6.6/21.4 6.2/27.6 283.7 VII 6.0 2.2/8.2 -1.7/6.5 9.4 
IV 7.5 3.6/11.1 4.2/15.3 82.1 VIII 14.2 7.9/22.1 6.9/29.0 269.6 

 
The range of RH=30-50% corresponds more exactly to ventilated indoor living envi-
ronment and human needs in real-life situation (Table 3). The range of RH=50-80% 
is not common in a ventilated living room, but could occur in rooms with high occu-
pation and inadequate ventilation level (Table 4). For both ranges it can be seen that 
during the first hour the most active is plaster group I and the least active group is 
VII. There are some negative values of adsorptions during the second and third hour. 
That is because environments in laboratory (RH=22-27 %) and climate chamber 
(RH=50% or RH=80%) are so different from each other and during weighing time 
some moisture is already released. On the other hand, it indicates the sensitivity of 
plasters. The problem must be solved in the future and test must be repeated in a more 
reliable way. Reliable data used in calculations are total moisture uptake within the 
given ranges. For desorption results are more adequate. In groups III, VI and VIII the 
total moisture uptake within the range (RH=30-50%) was 147.8-164.8 g/m2 and 
250.8-298.9 g/m2 (RH=50-80%). In group VII the total moisture uptake  within the 
range (RH=30-50%) was 8.1 g/m2 and 24.1 g/m2 (RH=50-80%). Results are similar at 
desorption (Table 3 and 4). In real life probably 24 hours cyclic fluctuation could be 
more adequate than total moisture uptake or release within 5-6 days.  
Anyway, the tendency described above is seen already within the first hours (especial-
ly at desorption) and there are large differences between the plasters – up to 20 times 
(8.1 vs 164.8 g/m2 at RH=30-50%). In Table 5 water uptake per specimens (g) and 
moisture content of plasters (%) – points on sorption curve are presented. 
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Table 3. Sorption and desorption at RH=30-50%. Moisture uptake/release rate g/(m2h) and 
total moisture uptake/release g/m2. 

 Sorption Desorption 
 1 h 2 h 3 h 120 h 1 h 2 h 3 h 120 h 

 g/(m2h) g/(m2h)/ 
g/m2 

g/(m2h)/g/
m2 g/m2 g/(m2h) g/(m2h)/ 

g/m2 
g/(m2h)/ 

g/m2 g/m2 

I 9.4 -1.2/8.2 4.1/12.3 45.3 -8.3 -6.3/-14.5 -6.3/-20.8 -53.3 
II 4.7 0.5/5.2 1.6/6.8 63.1 -6.5 -4.4/-10.9 -4.0/-14.9 -71.3 
III 7.8 3.3/11.1 1.2/12.3 147.8 -11.9 -7.0/-18.9 -4.3/-23.2 -148.2 
IV 5.5 0.8/6.3 0.9/7.2 69.5 -6.6 -4.3/-10.9 -2.8/-13.7 -78.0 
V 3.9 -0.3/3.6 1.9/5.5 55.7 -6.7 -4.8/-11.5 -2.8/-14.3 -65.1 
VI 6.5 7.4/13.9 -0.8/13.1 164.8 -15.3 -6.8/-22.1 -5.9/-28.0 -165.1 
VII 3.4 -1.2/2.2 0/2.2 8.1 -3.5 -2.3/-5.8 -1.9/-7.7 -13.7 
VIII 7.4 4.3/11.7 0.8/12.5 164.1 -12.7 -6.3/-19.0 -5.1/-24.1 -161.6 

Table 4. Sorption at RH=50-80%. Moisture uptake/release rate g/(m2h) and total moisture 
uptake/release g/m2 

 Sorption Desorption 
 1 h 2 h 3 h 120 h 1 h 2 h 3 h 120 h 

 g/(m2h) g/(m2h)/ 
g/m2 

g/(m2h)/ 
g/m2 g/m2 g/(m2h) g/(m2h)/ 

g/m2 
g/(m2h)/ 

g/m2 g/m2 

I 9.6 -14.8/-5.2 8.1/2.9 110.7 -23.3 -25.8/-49.1 -4.7/-53.8 -116.2 
II 4.7 -3.4/1.3 -0.6/0.7 146.7 -14.5 -11.6/-26.1 -7.3/-33.4 -128.4 
III 4.9 0.1/5.0 -6.4/-1.4 250.8 -30.6 -12.1/-43.7 -14.7/-58.4 -209.6 
IV 5.0 -1.8/3.2 2.9/1.1 187.3 -26.3 -10.0/-36.3 -9/-45.3 -154.0 
V 4.6 -5.7/-1.1 -0.7/-1.8 145.6 -15.6 -13.5/-29.1 -7.9/-37.0 -135.8 
VI 5.5 6.9/12.4 -12.8/-0.4 279.0 -30 -11.6/-41.6 -22.3/-63.9 -228.4 
VII 2.9 -11.4/-8.5 5.8/0.4 24.1 -8.8 -7.3/-16.1 -1.6/-17.7 -24.2 
VIII 5.3 3.7/9.0 8.6/0.4 298.9 -29.9 -11.0/-40.9 17.4/-58.3 -213.8 

Table 5. Water uptake per specimen (g) and moisture content of plasters (%) 

 RH 0...30% (120h) RH 30...50% (120h) RH 50-80% (120h) 
  Water uptake  

 
Moisture 
content 

RH=30% 

  Water uptake  
 

Moisture 
content 

RH=50% 

  Water uptake  
 

Moisture 
content 

RH=80% range aver. range aver. range aver. 
g g % g g % g g % 

I 0.51...0.68 0.58 0.16 0.35...0.38 0.36 0.25 0.82...0.95 0.89 0.49 
II 0.85...0.95 0.92 0.24 0.47...0.54 0.51 0.37 1.11...1.21 1.18 0.68 
III 1.96...2.32 2.19 0.63 1.07...1.23 1.14 0.96 1.85...2.05 1.93 1.52 
IV 0.61...0.67 0.65 0.18 0.54...0.57 0.55 0.33 1.44...1.54 1.48 0.74 
V 0.54...0.91 0.72 0.19 0.42...0.48 0.45 0.31 1.12...1.21 1.17 0.63 
VI 2.17...2.32 2.24 0.70 1.19...1.31 1.23 1.09 2.02...2.14 2.08 1.74 
VII 0.02...0.11 0.08 0.02 -0.02...0.1 0.07 0.04 0.13...0.23 0.20 0.10 
VIII 2.07...2.17 2.13 0.83 1.22...1.38 1.30 1.33 2.32...2.42 2.36 2.24 

 
Diffusion. Difference from standard was thickness of air layer used in calculations -   
approx. 5 cm instead of 1±0.5. That aspect was taken into account in calculations but 
as the material is highly water permeable it has some influence on results. The water 
vapour permeance of 2.5 cm layer varied between 1,680 and 3,076* 10-9 kg/(m2sPa) 
and water vapour permeability was from 44 to 76·10-12 kg/(msPa). Water vapour re-
sistance factor μ was found to be μ=2.7-4.6.Water vapour diffusion equivalent air 



7 

layer thickness Sd is presented in Table 7. T-test analysis was performed to study wa-
ter vapour resistance.  It proved that group III (r=0.33 109 m2∙s∙Pa/kg) is significantly  
different from all other groups. For group VI p equalled  0.016. All other values were  
smaller than that. Groups VI and VIII were also  statistically different from other 
groups (p=0.014) .  
Mineralogical composition including sand and additives (e.g. cattail) in clay plaster 
mixture was estimated The results are presented in Table 6 where  “tr” means that the 
content of the mineral is less than accuracy.  

Table 6. Mineralogical composition of plaster mixture, % of mass 

Component  I II III IV V VI VII VIII 
 Quartz 54.7 58.7 49.1 52.8 54.7 45.6 55.8 49.8 

K-feldspar 9.8 8.4 9.6 7.3 9.8 6.6 10.5 16.2 
 Plagioclase  9.5 7.5 7.8 8.8 9.5 7.9 5.6 9.1 

 Chlorite 0.6 1.0 1.0 0.8 Tr 1.5  0.9 
Ill./Ill-smect. 13.0 12.0 14.0 16.4 13.0 20.9 8.0 8.0 

Kaolinite 5.4 2.8 4.2 3.8 5.4 4.1 15.7 3.6 
Calcite 4.2 5.2 8.6 5.7 4.2 8.5  7.2 

Dolomite 2.2 3.6 4.2 4.2 2.2 4.0  3.5 
Hematite   Tr   0.5  0.5 

Amphibole 0.6 0.8 0.9  0.6 0.5 0.9 1.2 
Cristobalite        1.9  Anatase       tr  

 
Clay mixture VII which had the highest kaolinite content absorbed less water than 
others – according to data known from literature (Figure 2a). On the other hand, it can 
be seen that other mixtures which have  similar kaolinite content do not absorb water 
the same way and no strong correlation can be found - R2=0.42. From literature data it 
is known that smectite has a good ability to absorb water. In mixture under investiga-
tion there was no smectite separately present. No correlation R2=0.12 (Figure 2b) can 
be found – between illite/illite-smectite content and water vapour uptake. Strong cor-
relation R2=0.87 (Figure 3a) was found –– between content of calcite in plaster and 
water vapour uptake ability. 

  

Fig. 2. Water vapour uptake g per specimen depending on the content of kaolinite (a) and con-
tent of illite/illite-smectite (b) 
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Fig. 3. Water vapour uptake g per specimen depending on content of calcite (a) and FM (b) 

Particle size distribution was estimated by wet sieving analyses. Curves can be seen 
in Figure 4 where Group VII (FM=2.9) again has differences with others 
(FM=1.2-1.7). In group 7 about ¾ of the material has particle size 0.5-2 mm. In other 
groups about ½ of material has particle size 0.125-0.5 mm. There was no strong cor-
relation between fineness modulus and water vapour uptake – R2=0.54 (Figure 3b)., 
but it is clearly seen that the mixture (VII) which has bigger particle size and therefore 
less specific surface area has the smallest water adsorption ability.    

 

 
Fig. 4. Particle size distribution curves  

4 Discussion and conclusions 
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Table 7. Summarized data collected 

Specimen Specimen moisture content 
g 

Sd  
m 

Kaolinite  
% 

Calcite  
% 

FM  

0-30% 30-50% 50-80% 0-80% 
I 0.58 0.36 0.89 1.83 0.10 5.47 4.2 1.5 
II 0.92 0.51 1.18 2.61 0.11 2.8 5.2 1.6 
III 2.19 1.14 1.93 5.26 0.07 4.2 8.6 1.7 
IV 0.65 0.55 1.48 2.68 0.12 3.8 5.7 1.7 
V 0.72 0.45 1.17 2.34 0.12 5.4 4.2 1.6 
VI 2.24 1.23 2.08 5.55 0.08 4.1 8.5 1.2 
VII 0.08 0.07 0.20 0.35 0.12 15.7 0 2.9 
VIII 2.13 1.29 2.36 5.78 0.08 3.6 7.2 1.2 

 
No other positive or negative correlation was found. Similar (medium) sorption prop-
erties (1.83-2.68 g per specimen) presented specimen groups I, II, IV and V basing on 
clays from different sources (brown, grey, blue, red).  There calcite content is 
4.2-5.7% - clearly smaller than in specimen groups III, VI and VIII. 
Moisture uptake rate properties show that group I is very active (Table 2-4) and has 
almost largest initial moisture uptake rate (1 h). Stabilization time is about 48 hours. 
Group VII has the lowest initial moisture uptake rate and the smallest stabilization 
time (6-24h). Groups III, VI and VIII have the longest stabilization period. Activity 
within the first hour depends on the range of RH. 
Moisture buffering ability of material is strongly related with sorption properties. By 
using formula introduced by Janssen [3] it can be calculated from data presented that 
MBV8h at RH=30-50% range is 0.3 (VII) to 1.9 (VI,VIII) and at RH=50-80% range is 
0.6 (VII) to 2.3 (VI, VIII) g/(m2·%RH)@8/16h) . According to materials practical 
Moisture Buffering Value classification introduced by Rode [4] different clay plasters 
could be estimated as “limited“ (MBVpractical=0.2-0.5 g/(m2·%RH)@8/16h), “moder-
ate” (0.5-1), “good” (1-2) or even “excellent” (2-3.5 g/(m2 ·%RH)@8/16h)).  
By water vapour permeability plasters can be divided into two groups, where differ-
ences are not as clear as at sorption, but tendency is the same. Groups III, VI and VIII 
have higher water vapour uptake/ release and water vapour permeability. 
The study presented proved that there are differences within the “same material” i.e. 
different products known by the common name “clay plaster”.  The main components 
of clay plaster are sand and clay – both of which are mineral resources with very dif-
ferent properties because of their chemical composition or particle size distribution.  
The clearest correlation was found between the calcite content of plaster mixture and 
water vapour uptake. The properties of products must be monitored carefully. If a 
plaster is included into hygrothermal calculations of boarders or ventilation rate, the 
properties must be declared and the user has to be aware of them. Also, the user who 
just wants to use plaster with good moisture buffering ability must be supplied with 
relevant information if the product does not have commonly expected properties.    
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