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Influence of Zeolite Additive on the Properties of Plaster Used
for External Walls from Autoclaved Aerated Concrete
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Enclosures that had been built from elements of autoclaved aerated concrete (AAC) often are covered with plasters.
Some adhesion problems between plasters and surface exist during the mechanized covering of surfaces of the
mentioned enclosures with plaster. Some dispersible additives (vinyl acetate polymer or derivatives of acrylic acid
esters) are used to improve the adhesion. Another problem is the increased water absorption of AAC elements, therefore
water retarding additives (cellulose esters) are used in the mixture of plasters. Due to insufficient amount of water in the
mixture of plasters, the hydration of cement minerals slows down.

Influence of the natural zeolite — clinoptilolite on the properties of plaster is analyzed in this work. It was found that
this additive effectively absorbs water and thus, ensures adequate hydration of cement minerals. When in the mixture of
plaster the sand is changed by clinoptilolite in amount of 15 % the structure slightly compacts, the compressive and
flexural strength of hardened plaster increase by 47 % and 12 % respectively and the adhesion to a surface of the AAC
element increases by 44 %. Drying shrinkage, water vapor resistance factor and coefficient of capillary absorption
remain unchanged.
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shrinkage, water vapor permeability, capillary absorption.

INTRODUCTION

It is known that owing to high degree of porosity
(60 %+90 %) in aerated autoclaved concrete (AAC)
samples soaked in water, the moisture reaches up to 76 %
mass of product [1—3]. It was established [4, 5] that even a
low content of adsorbed water (up to some per cent)
decreases noticeably the properties of AAC products
(lower mechanical strength and freeze resistance, higher
heat conductivity). Therefore, AAC small blocks used for
building of enclosures should be protected from the
atmospheric impact (rain) by special sheets or plasters
[4,6—8]. Plasters acquire specific properties from
polymeric additives, hydrophobity from salts of fatty acids
(e.g. calcium or zinc stearate) [9, 10], while good adhesion
is ensured by so-called redispersive additives (mostly vinyl
acetate polymeric formations or esthers of acrylic acid)
[11,12]. Fibrous additives decrease drying shrinkage
deformations, i.e. they protect plaster from cracking
[13—14]. Air-entraining additives (AEA) reduce density
and vapor resistance coefficient of plaster and improve
adhesion to base and increase freeze resistance [15, 16].
The porous structure of AAC stimulates migration of water
from the applied layer of plaster mix inside AAC blocks,
causing slowed-down hydration of Portland cement
minerals contained in plaster, what affects the hardening of
plaster and its mechanical strength [17]. To the aim of
improving of the process, the water-retaining additives are
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added to plasters (the main formations of methylcellulose)
[18, 19]. Such a role can be also played by natural zeolite
additives, which are widely used in other Portland cement-
based products and concretes [20—23]. Thank to their
unique hollow structure, zeolites are distinguished for good
sorption properties and can accumulate in themselves a
sufficient amount of water required for full hydration of
cement minerals [24, 25]. On the other hand, zeolites can
be characterized by increased adhesion to various surfaces
of building materials [26, 27] and can replace (partially or
fully) redispersive polymeric additives used for this
purpose.

The references [27,28] present the data on
effectiveness of zeolite additives in the production of dry
mixes; nevertheless, no data are available on their impact
on plasters meant for coating of AAC products.

The purpose of this study is to investigate the impact
of natural zeolite (clinoptilolite) on operating properties of
plaster meant for coating of AAC walls from outside and
to correct the recipes of dry plaster mixes with zeolite
additives.

MATERIALS AND TEST METHODS

For the work, dry plaster mixes prepared under
laboratory conditions were used. To this aim, the following
materials were used:

—sand from the Matuizy quarry Giraité (granulometric
composition: fraction (1+2) mm — 2.1 %, (0.5+1) mm —
79 %, (0.25+0.5)mm — 34.5%, (0.125+0.25) mm —
45.5%, (0.063+0.125)mm — 7.6 %, (<0.063) mm —
2.4 %), corresponding to [29];



—Portland cement of mark CEMII/A-L 42.5N,
corresponding to the requirements of [30];

— ground slacked lime from the joint stock company
“Naujasis kalcitas”, according to the requirements of [31].

There were also used the special additives to improve
properties, such as calcium stearate (hydrophobizer);
methylcellulose (water-retaining additive); VINNAPAS
RE5011 L (vinylacetate and ethylene copolymer powder,
the redispersive additive for improvement of adhesion to
base). As an air-entraining additive, powder UFAPORE
CCB85 (content of active materials 85 %, pH of 1.0 %
solution 10.5; ground natural zeolite rock from the
Transcarpathian ~ Zeolite Factory (specific  surface
4500 m*/kg), 77 % clinoptilolite content (certificate ISO
9001:2000 for this product is granted to the enterprise).

The chemical composition of aggregates and binding
materials is provided in Table 1.

Table 1. Chemical composition of raw materials

determined after 7, 28, 60 and 90 day-exposure by press
Tinius Olsen H200kU at load speed of 200 N/s and load
measurement accuracy £0.5 % of applied load from 0.2 %
to 100 % capacity. For determination of force of adhesion
to base of plaster, freshly prepared plaster grout was
applied to surface of AAC blocks (density 500 kg/m?,
compressive strength class 2.5) treated by priming (4.0 %
polyvinylacetate emulsion solution). The applied plaster
grout layer was levelled up to ~8 mm thick, then after 2 h
was covered by polyethylene film and left for hardening
during 7, 28, 60 or 90 days at temperature of 20 °C £3 °C.
The force of adhesion to AAC base was measured by
device CONTROLS according to standard methods [37]

(Fig. 1).

Table 2. Compositions of plaster mixes

Raw materials, %
Composition | pyjang . Zeolite
cement Lime Sand rock
SiO, 22.41 4.04 90.40 71.50*
AlLO; 4.20 222 4.02 13.12
Fe,0; 4.76 0.87 0.65 0.94
TiO, - - - 0.25
CaO 63.0 89.23 2.05 2.10
MgO 2.5 2.37 0.49 -
MnO - - - 1.07
K,0+Na,O - 0.36 1.34 5.0
SO; 1.65 - - -
LOIL % 1.33 0.86 1.02 6.01

*Note: Content of reactive SiO, in zeolite rock 55.21 %.

Before preparation of dry mixtures, lime was slaked by
isothermal treatment for 0.5 h in the laboratory autoclave
with capacity of 100 liters (saturated water vapor pressure
0.4 MPa). When lime was cooled down to room
temperature, all dry components were mixed for 10 min by
VARI mixer BEAR in the laboratory mixer of 3.0 liters
(speed 60 rpm). The composition of mixes, as provided in
Table 2, were selected based on the references [12, 16, 17].

During preparation of plaster grouts, the dry mixes
were mixed with water for 5 min. The speed of mixing
during first two minutes was 60 rpm, and during remaining
three minutes 120 rpm. The water amount was taken con-
sidering the flowability of grout determined by means of
flow table [33] until the diameter of sample reached
160 mm +5 mm. The hardening and conditioning of
molded grouts proceeded in the following mode: 24 hours
in moulds and following 48 h in demolded state at relative
air humidity of 95 % +3 % and temperature of 20 °C +3 °C,
then starting from the 4th day to completion of test, at
relative air humidity of 65 % +5 % and same temperature.
The density of hardened plasters, as well as their
compressive and flexural strengths and capillary
absorption coefficient were determined according to the
standard methods [34—36].

The compressive and flexural

strengths were
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Compositions, %
Components

1 2 3 4 5%
Portland cement 20.0 | 20.0 | 20.0 | 20.0 | 16.0
Slaked lime 72 7.2 7.2 7.2 7.2
Sand 68.53 | 68.53 | 58.53 | 53.53 ] 60.57
Zeolite 0.0 5.0 10.0 | 15.0 | 15.0
Vinnapas RE 5011L 4.0 4.0 4.0 4.0 1.0
Methylcellulose 0.05 | 0.05 | 0.05 | 0.05 0.0
AEA 0.02 | 0.02 ] 0.02 | 0.02 | 0.03
Calcium stearate 0.2 0.2 0.2 0.2 0.2

*Note: Composition 5 was selected upon evaluation of properties
of other four hardened plasters according to the standard
[32].

Fig. 1. Device CONTROLS meant for testing of adhesion of
plaster to AAC base [37]

The drying shrinkage deformations were measured by
device MITUTYO ID-C112B based on standard
requirements [38]. The granulometric composition of sand
was determined by device HAVER EML 200 DIGITAL T
according to [39]. The water vapor permeability was
determined according to the standard [40] after testing of
3 samples of mix of each composition, sized 18 cm in
diameter and 2.0 cm thick. The climatic conditions of
temperature mode 23-50/95 (i. e. environment temperature
23 °C, relative air humidity over sample 50 %; relative air
humidity under sample 95 %).

For analysis of surface of hardened plasters and
contact zone with base, the computerized optical



microscope MOTIC with digital camera (magnification up
to x100) was used.

The X-ray structural testing was performed by
diffractometer DRON-7 with copper anticathode, nickel
filter, anode voltage of 30 kV, anode current of 12 mA,
goniometric slots (0.5; 1; 1.5) mm. For decoding of peaks,
ICDD database was used.

RESULTS AND DISCUSSION

While mixing of dry mixes with water (the
compositions are provided in Table 2), it was observed that
along with increase in content of zeolite additive in the mix
(at same consistence of mix), the water to solids ratio
(W/S) is also increasing from 0.20 to 0.30. The density of
hardened grout also grows by 7.6 % (Fig. 2).
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Fig. 2. Impact of zeolite additive on W/S (1) and on dry density
of hardened plaster (2)

The increase in W/S is predetermined by hollow
structure and excellent sorption ability of zeolites. Upon
partial replacement of sand by a fine-dispersed pozzolanic
additive, in our case clinoptilolite, the structure of
hardened plaster is getting more compact. During the
pozzolanic reaction between lime (portlandite, the evolved
cement mineral, plus lime contained in composition of
grout) and amorphous SiO, (which makes from 50 % to
60 % in clinoptilolite rock [41, 42]), gel C-S-H calcium
hydrosilicate forms and this hydrosilicate increases the
strength of plaster during the hardening of grout
[27-28, 41].

The relationship between compressive strength of
hardened plaster and content of clinoptilolite additive is
provided in Fig. 3.

As we can see, the effect of the pozzolanic reaction
manifests itself after 60 days and later. This can be
explained by slow change of phases in gel calcium
hydrosilicates. For instance, in the 4 sample of grout mix 4
where the content of zeolite additive is the highest (15 %),
the compressive strength after 90 days was even by 52 %
higher than that of reference sample (Fig. 3, curve 1, 4).
After 28 days only the index of compression for grout 4
almost concided with that of reference sample
(0.27 N/mm* and 0.26 N/mm’, respectively), while the
strength of other samples (with zeolite additive content
5% and 10 %) was lower by 8 % and 16 % than that of
reference sample. This coincides with the results of
investigations of other scientists [27, 41].
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The same tendency is seen with flexural strength
(Fig. 4). Tests results show that the increase in flexural
strength of hardened samples subject to zeolite content is
not so considerable as in the case of compressive strength.
For instance, the flexural strength of grout mix sample 4
after 90 day exposure increased by 12 % versus that of
reference sample (Fig.3, curves 1,4), while in other
samples it increased less, by 2.2 % (Fig. 4, curve 2) and by
6.0 % (Fig. 4, curve 3).
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Fig. 3. Variation of compressive srength in plaster samples in

view of exposure time (the marking of curves corresponds
to that of compositions of mixes provided in Table 2)
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Fig. 4. Variation of flexural strength in plaster samples in view of
exposure time (the marking of curves coresponds to that
of compositions of mixes provided in Table 2)

Other very important factor for hardened plaster
grouts is adhesion to base. The results of investigations
show that along with increase in content of zeolite
additives in mixes and exposure time, the adhesive force is
increasing respectively (Fig. 5).

The data of Fig.5 shows that the adhesive force
increasing more rapidly in first 60 days of exposure of
samples, afterwards the process is slowing down. The
references [26, 28] stress that the zeolite additive increases
the force of adhesion to base of grouts. However, the
authors explain this process differently, i.e. the reference
[28] stresses on the influence of montmorillonite
admixtures contained in zeolite rock, while another
reference [26] underlines the impact of vacuum effect,
which appears after water migration from hollows of
zeolite structure to hydrating cement minerals. Evidently,



both factors are of importance to the force of adhesion to
base, nevertheless, to our mind, a third variant is possible
as well. It is related to gel C-S-H, which forms in the
zeolite structure [41,42] and the zone of adhesion of
plaster to AAC base, and penetrates into surface pores of
AAC structure and to its hardening.
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Fig. 5. Relationship between variation of force of adhesion to
base in hardened plasters and exposure time (the marking
of curves corresponds to that of compositions of mixes
provided in Table 2)

Fig. 6 demonstrates the samples of AAC base and of
plaster torn off it after 90 day exposure, as well as the zone
of adhesion of plaster to base (section).

We can see that at maximal zeolite content in the mix
(15 %), cracks are appearing on surface of plaster,
however, irrespective of that, the adhesive force of plaster
is maximal (0.42 N/mm? Fig. 5, curve 4). Such value of
adhesion is conditioned by close contact of adhesive zone
(Fig. 6, d), therefore, on surface of torn off plaster samples
(Fig. 6, c) the odds and ends of AAC are visible. This is
not seen in the photos a and b, Fig. 6 where the surface of
torn off samples is clear, i.e. the tearing from the AAC
base occurred in the contact zone. In this case the contact
between plaster and AAC is not very close, therefore, the
adhesive force value reaches only 0.25 N/mm®.

The cracks in the layer of plaster (Fig. 6, c) appeared
only in the samples with the highest content of zeolite
additive (15 %) and only at the contact with AAC surface.
No cracks were observed on samples of pure plaster meant
for determination of other properties (e.g. prisms sized
(160 x40x40) mm for determination of mechanical
strength).

In the standard for plaster grout [33], the
determination of drying deformations of mortar is not
regulated. However, to the aim of revealing of impact of
zeolite additive on shrinkage of plaster, the measurements
of variation in length of hardened plaster samples were
carried out. The data are provided in Fig. 7.

The data of Fig. 7 shows that along with increase of
content of zeolite additive in mixes, the drying deformation
is growing as well, and its values stablize approximately
after 65+70 days. At the maximal content of zeolite
additive in the mix (Fig. 7, curve 4), the drying shrinkage
of samples becomes extremely evident and after 90 days
makes even 4.2 mm/m and with 10 % additive the
analogical index reaches the value of 2.5 mm/m only
(Fig. 7, curve 3). The higher drying deformations of plaster
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samples with zeolite additive versus reference ones are
preconditioned by higher drying shrinkage of gel C-S-H
hydrosilicate, which in the case of insufficient content of
aggregate (quartz sand) of suitable granulometric
composition, affects the shrinkage of the whole sample.

Fig. 6. Samples after measuring of force of adhesion to AAC
base (a and c) and section of adhesion zone (b and d). a
and b — reference samples, ¢ and d — samples with 15 %
zeolite additive



At 15 % zeolite additive, the content of sand in the
samples is minimal (53.5 %, Table 2), therefore, if the
structure has no firm carcass made of sand grains, then in
the plaster layer on AAC surface cracks are appearing
(Fig. 6, c).

Change in length, mm/r

28 35 42 49 56 63 70 77 84 91

7 14 21

Time, days

Fig. 7. Relationship between drying shrinkage variations and time
in hardened plaster samples (the marking of curves
corresponds to that of compositions of mixes provided in
Table 2)

The received data correlates well with other scientists’
results of investigations [43]. Because of this process, the
water vapor permeability of hardened samples decreases as
well. The gel C-S-H formations generated in the structure
of plaster and in the hollows of zeolite additive due to the
pozzolanic reaction prevent water vapor from migrating
through the layer of plaster. The impact of zeolite additive
on water vapor resistance factor is shown in Fig. 8.
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Fig. 8. Impact of zeolite additive on water vapor resistance factor
of hardened plaster

The data of Fig. 8 shows that together with growth of
content of zeolite additive in plaster mixes and with
increased formation of gel C-S-H, the water vapor
permeability decreases (the vapor resistance factor
increases). At 15 % zeolite additive, this value is 13.1,
while that of reference sample 9.6.

During testing of capillary water absorption of plaster
samples, it was observed that the zeolite content has no
effect on this index, since the low water absorption value is
preconditioned by the hydrophobic additive, calcium
stearate, contained in all samples (Fig. 9). We can see that
after 90-minute contact with water, the coefficient of
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capillary absorption changes insignificantly, from
0.05 kg/m’min’? to 0.06 kg/m’min®’.
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Fig. 9. Effect of zeolite additive on capillary absorption
coefficient (the marking corresponds to that of
compositions of mixes provided in Table 2)

Comparing the macrostructure of samples of hardened
plasters (Fig. 10, a and b), it is obvious that the samples
with zeolite additive are denser, i. . the number and size of
pores in them is lower.

Fig. 10. Macrostructure of plaster: a — reference sample,
b — sample with 15 % zeolite additive

The X-ray structural tests of samples after 90-day
hardening showed that in the plaster sample with 15 %
zeolite additive the content of portlandite is lower, due to
the pozzolanic reaction proceeding more intensely
(Fig. 11, b) than in the reference sample (Fig. 11, a).
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Fig. 11. X-rays of plaster samples, which hardened for 90 days:
a — reference sample, b — sample with 15 % zeolite
additive. G — gypsum, Q — quartz, V — vaterite,
K — calcite, P — portlandite, D — dolomite, F — feldspar

Upon completion of investigations as to properties and
structure of samples with clinoptilolite additive and evalua-
tion of all nuances, both positive (increased mechanical
strength and adhesion to AAC surface) and negative ones
(increased drying shrinkage, lower water vapor permeabil-
ity) related to impact of additive on properties of plaster,
the correction of composition of plaster was performed
(Table 2). To eliminate the negative impact of zeolite on
drying shrinkage, the granulometric composition of sand
was changed. Sand of fine fraction (<0.125 mm) was
replaced by larger fraction (0.5+1.0) mm. The content of
replaced sand varied from 5 % to 10 %. At correlation of
5% sand content, the shrinkage of plaster resulted in
cracks on surface coated. The 10 % sand replacement
eliminated cracking. At replacement of 10 % fine sand by
larger fraction, the better strength indices for plaster
samples were received as well.

The water vapor perrmeability was increased by
addition of AEA from 0.02% to 0.03 %. The AEA
addition decreased the density of plaster samples from
1590 kg/m® to 1420 kg/m’ what reduced the water vapor
resistance factor from 13.1 t0 9.7.

Parallel with the mentioned above, the strength indices
of plaster were reduced, because the zeolite additive
considerably increased the mechanical properties and
plaster adhesion to AAC surface. For correction of
composition of plaster mixes, we gradually decreased the
content of methylcellulose, from 0.05 % to 0.0 %. It was
established that 15 % =zeolite additive can fully replace
methylcellulose and reduce the content of additive
VINNAPAS by 75 %.
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Beside reduction of content of polymeric additives, the
content of binder (Portland cement) was cut down as well,
by from 10 % to 20 %. The 20 % reduction ensured the
strength properties of plaster close to the reference one.
The values of samples of this mix after 90-day hardening
are provided in Table 3.

Table 3. Characteristics of hardened samples from reference and
corrected plaster mixes

Composition of plaster
Characteristics
1 (reference) | 5 (corrected)

Density in kg/m’ 1440 1420
Compressive strength in N/mm? 0.3 0.44
Flexural strength in N/mm? 0.13 0.145
Adhesion to base in N/mm? 0.25 0.34
Drying shrinkage in mm/m 1.4 1.4
Water vapor resistance factor [-] 9.6 9.7
Caplllarz}/ a.bgg)rptlon coefficient 0.06 0.06
in kg/m min

Irrespective of the fact that the composition of
corrected plaster mix contains less cement and additive
VINNAPAS and no methylcellulose, the data of Table 3
show that the properties of corrected and reference plaster
are similar and the values of strength and adhesion to AAC
base are slightly better in the corrected mix.

CONCLUSIONS

1. It was established that the clinoptilolite additive in
the composition of plaster reacts with lime contained in the
mix, as well as with portlandite, which evolves during
hydration of cement minerals, and as doing so, it plays a
role of a pozzolanic material. This is confirmed by the
X-ray analysis of plaster mixes. In connection with the
abovementioned, the strength properties of hardened
plaster samples increase what allows reducing the content
of Portland cement by one fifth (20 %).

2. The clinoptilolite additive is famous for good
sorption properties, due to its unique structure, and can be
used in dry mixes as a water-retaining additive (i.e. it
accumulates water in itself and gradually supplies the
hydrating cement minerals by it), thus enabling to give up
fully traditionally used methylcellulose.

3. The clinoptilolite additive ensures good adhesion to
AAC base, i.e. it helps to achieve a higher force of
adhesion to rendered base and 75 % reduction of
VINNAPAS used in the production of dry mixes.

4. The higher drying deformations in plasters with
clinoptilolite can be reduced by correction of granulometry
of quartz sand in the composition of plaster, by replacing
10 % sand of finer fraction (up to 0.125 mm) by sand of
coarser fraction (0.5 +1.0) mm.

5. The additional content of gel C-S-H calcium
hydrosilicate formed due to the pozzolanic reaction of
zeolite with lime causes a more compact structure of
plaster and worsens the water vapor permeability. This
shortcoming can be avoided by increasing AEA content in
plaster mixes, from 0.02 % to 0.03 %.

6. After investigation of the impact of clinoptilolite
additive on the operating properties of plaster meant for



coating of AAC walls from outside, corrected composition
of dry plaster mix was proposed (in mass %): Portland
cement — 16, ground slacked lime — 7.2, sand — 60.57,
clinoptilolite — 15, VINNAPAS - 1.0, AEA — 0.03 and
calcium stearate — 0.2.

Acknowledgments

The paper was prepared basing on performance of the

international Lithuanian and Ukrainian scientific project
“The Investigation of Operating Properties of Multilayer
Enclosure from AAC Blocks with Different Moisture
Quantity” in year 2010 (Supported by Research Council of
Lithuania).

REFERENCES

1.

10.

11.

Oui, X., Haghighat, F., Kumarau, M. K. Moisture
Transport across Interfaces between Autoclaved Aerated
Concrete and Mortar  Journal of Thermal Envelope and
Building Science 26 (3) 2003: pp. 213-236.

Narayanan, N., Ramamaurthy, K. Microstructural
Investigations on Aerated Concrete Cement and Concrete
Research 30 (3) 2000: pp. 457 —464.
http://dx.doi.org/10.1016/S0008-8846(00)00199-X

Sinica, M., Laukaitis, A., Sezemanas, G., Mikulskis, D.
Keriené, J. The Influence of Binding Materials Composition
and Fibrous Additivies on the Properties of Porous Concrete

Journal of Civil Engineering and Management 10 (2)
2004: pp.131-136.
Sazhnev, N. P., Sazhnev, N. N., Sazhneva, N. N.,

Golubev, N. M. The Production of Aerated Concrete
Articles. Theory and Practice. Minsk, Strinko, 2010: 460 p.
(in Russian).

Sinica, M., Sezemanas, G., Mikulskis, D., Chesnauskas,
V. The Influence of Moisture on Porous Concrete Properties

Chemical Technology (Cheminé technologija) 4 (38)
2005: pp. 82—85 (in Lithuanian).

AAC Waterproofing LTD. Internet site:
www.countyindustry. co. uk/ indexklyworld. Php?
Waterproof % 20 sheets.

Kus, H., Nygren, K., Norberg, P. In-use Performance
Assessment of Rendered Autoclaved Aerated Concrete
Walls by Long-term Moisture Monitoring  Building and
Environment 39 204: pp. 677—687.

Andolmn, S., Tavukcuoglu, A., Saltik, E. C., Duzgunes, A.
A Study on the Compatilbility of Contemporary
Neighboring Plasters with Autoclaved Aerated Concrete.
1-st International CIB Endorsed METU Postgraduate
Conference  Built  Environment and  Information
technologies, Ankara, 2006: pp. 587 —599.

Lauzon, M., Garcia-Ruiz, P. A. Evaluation of Capillary
Water Absorbtion in Rendering Mortars with Powdered
Waterproofing Additives Construction and Building
Materials 23 (10) 2009: pp. 3287—-3291.

Su, K., Maekawa, R., Hachiya, Y. Laboratory Evaluation
of WMA Mixture for Use in Airport Pavement
Rehabilitation Construction and Building Materials 23 (7)
2009: pp. 2709-2714.
http://dx.doi.org/10.1016/j.conbuildmat.2008.12.011

US patent 4774283. Nanowoven Binders of Winyl Acetate

(ethylene) Self-ceosslinking Monomers / Acrylamide
Copolymers Having Improved Blocking Resistence.
1988-09-27.

228

12.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

. Hernaudes-Olivares, F.,

Capener, J. C.-M. Properties of Modern Rendering Systems
Based on Mineral Binders Modified by Organic Admixtures.
Concrete Repair, Rehabilitation and Retrofitting II —
Alexander et al (eds). Taylor and Francis Group, London
2009: pp. 863 —869.

. Ferreira, J. A. M., Capela, C., Costa, J. D. A Study of the

Fibre Reinforced
11 (8) 2010:

Mechanical
Composites
pp. 1181-1186.

Properties of Natural
Fibers and Polymers

. Pereira de Oliveira, L. A., Castro-Gomes, J. Physical and

Mechanical Behaviour of Recycled PET Fibre Reinforced
Mortar  Construction and Building Materials 25 (4)
2011: pp. 1712—1717.

. US patent 6068696. Flexural Bond Strength (Low Air)

Workability Additive for Mortar Cement. 2000-05-30.

Sinica, M., Sezemanas, G. Chesnauskas, V. Influence of
Air Absorbing Additive on Plaster Layer Properties
Designated to Cover Partions Built from Autoclave Porous
Concrete Blocks Chemical Technology (Cheminé
technologija) 4 (38) 2005: pp. 9195 (in Lithuanian).
Paruta, V. A., Brynzin, E.I. Manual on Designing and
Erecting of Buildings using the Products with Trademark
UDK GAZBETON, Dnepropetrovsk, 2009: 213 p.
(in Russian).

Patural, L., Porion, P. H., Van Damme, H., Govin, A.,
Grossean, P., Ruot, B., Deves, O. A Pulsed Field Gradient
and NMR Imaging Investigations of the Water Retention
Mechanism by Cellulose Ethers in Mortar  Cement and
Concrete Research 40 (9) 2010: pp. 1378 —1385.

Mayer-Lobo, P. Experimental
Assessment of Comercial One-coat Renders for Buildings
Facades  Construction and Building Materials 22 (1)
2011: pp. 156—162.
http://dx.doi.org/10.1016/j.conbuildmat.2010.06.044

US patent 5494513.  Zeolite-based Lightweit
Products. 1966-02-27.

Naiqian, F. Properties of Zeolitic Mineral Admixture
Concretes  Mineral Admixtures in Cement and Concrete
1993: pp. 396 —-447.

Yan, F., Jian, D., Beaudoin, J. J. Zeolite-based Additives
for High Alumina Cement Products Advance Cement Based
Material 3 1996: pp. 37—42.
http://dx.doi.org/10.1016/1065-7355(95)00043-7

Yilmaz, B., Ucar, A., Oteyaka, B., Uz, V. Properties of
Zeolitic Tuff (Cliptilolote) Blended Portland Cement
Building and Environment 42 2007: pp. 3808 —3815.
http://dx.doi.org/10.1016/j.buildenv.2006.11.006

Perraki, T., Kakali, G., Kontoleon, F. The Effect of
Natural Zeolites on the Early Hydration of Portland Cement
Microporous and Mesoporous Materials 61 2003:
pp. 205-212.
http://dx.doi.org/10.1016/S1387-1811(03)00369-X

Sahmaran, M., Ozkan, N., Keskin, S., Uzal, B., Yaman,
I., Erdem, T. Evaluation of Natural Zeolite as a Viscosity-
modifying Agent for Cement-based Grotus Cement and
Concrete Research 38 (7) 2008: pp. 930—-937.

Feng, N. Q., Xing, F., Leng, F. G. Zecolite Ceramsite
Cellular Concrete Magazine of Concrete Research 52 (2)
2000: pp. 117-122.
http://dx.doi.org/10.1680/macr.2000.52.2.117

Ikotun, B. D. The Effect of a Modified Zeolite Additive as a
Cement and Concrete Improver. Dissertation of the Degree
of Master of Science in Engineering. Johanesburg Faculty of

Concrete



28.

29.

30.

31.

32.

33.

34.

35.

36.

Engineering and the Built Environment, University of the
Witwatersrand, 2009:145 p.

Druzhinkin, S. V. Dry Building Mixes with Additives of
Zeolite rock. Doctor’s of Technical Sciences Thesis.
Krasnoyarsk, GASA 2010: 169 p. (in Russian).

LST 1923:2009. Sand for Calcium Silicate and Autoclaved
Aecrated Concrete.

LST EN 197-1:2001/A3:2007  Cement Part 1:
Composition, Specifications and Conformity Criteria for
Common Cements.

LST EN 459-1:2010 Building Lime — Part 1: Definitions,
Specifications and Conformity Criteria.

LST EN 998-1:2010 Specification for Mortar for Masonry —
Part 1: Rendering and Plastering Mortar.

LST EN 1015-3+A1:2004. Methods of Test for Mortar for
Masonry — Part 3: Determination of Consistence of Fresh
Mortar (by Flow Table).

LST EN 1015-10:2004. Methods of Test for Mortar for
Masonry — Part 10: Determination of Dry Bulk Density of
Hardened Mortar.

LST EN 1015-11:2002. Methods of Test for Mortar for
Masonary — Part 11: Determination of Flexural and
Compressive Strength of Hardened Mortar.

LST EN 1015-18:2003. Methods of Test for Mortar for
Masonary — Part 18: Determination of Water Absorption
Coefticient Due to Capillary Action of Hardened Mortar.

229

37.

38.

39.

40.

41.

42.

43.

LST EN 1015-12:2004. Methods of Test for Mortar for
Masonary — Part 18: Determination of Adhesive Strength of
Hardened Rendering and Plastering Mortars on Substrates.

LST 1413-9:1997. Mortar. Testing Methods. Determination
of Shrinkage Expansion Deformation.

LST EN 1015-1:2000. Methods of Test for Mortar for
Masonry — Part 1: Determination of Particle Size
Distribution (by Sieve Analysis).

LST EN 1015-19:2001. Methods of Test for Mortar for
Masonry — Part 19: Determination of Water Vapour
Permeability of Hardened Rendering and Plastering Mortars.

Martens, G., Snelling, R., Van Balen, K., Bicer-Simsir, B.
Pozzolanic Reactions of Common Natural Zeolites with
Lime and Parameters Affecting Their Reactivity =~ Cement
and Concrete Research 39 (3) 2009: pp. 233 —240.

Uzal, B., Turanli, L., Yiicel, H.,, Gonciioglu, M. C.,
Culfaz, A. Pozzolanic Activity of Clinoptilolite: A
Comparative Study with Silica Fume, Fly Ash and a Non-
zeolitic Natural Pozzolan Cement and Concrete Research
40 2010: pp. 398 —404.

Wilk, D., Bratasz, L., Kozlowski, R. Reducing Shrinkage
Cracs in Roman Cement Renders Preprints of 2nd Historic
Mortars Conference and Rilem TC 203-RHM Repair
Mortars for Historical Masonry Final Workshop  Praque,
22-24.08.2010: pp.1265—-1272.

Presented at the 20th International Baltic Conference
"Materials Engineering 2011"
(Kaunas, Lithuania, October 27-28, 2011)



