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Abstract
The information about the technology of filler synthesis based on calcium Hydrosilicates. The article provides
information about the properties of dry construction mixtures prepared with a fine composite binder based on calcium
hydrosilicates. It is shown that the use of lime composite binder in the formula of dry construction mixtures improves the
operational stability of lime topcoat.
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1. Introduction
Dry construction mixtures are widely used on the market
of finishing materials. Severe competition has been
developed between foreign firms, which have sold mixtures
for a long time in Russia, and new domestic producers who
gradually bring the productions to a competitive level of
quality and productivity.
Nowadays there is a huge problem of improving the
quality of construction materials, including DCM, from the
point of their workability. According to the prospects of
Russian market development in the sphere of construction
the most significant criterion is increase of protective and
decorative coverings durability (pic. 1)
Lime dry construction mixes (DCM) are often used in
finishing works, which due to high vapor permeability of
coverings provide optimum microclimate in buildings and
constructions. At the same time these coatings have
insufficient water resistance and strength, that is why they
are not widespread in exterior decoration. The solution of
these problems will increase the durability of coverings on
the basis of lime DCM.
Increase of durability of coverings based of lime can be
achieved by introduction of components, capable to

regulate the pattern material formation [2].
Synthesis of a mineral filler based of HSC can be made
from sodium hydrosilicates (liquid glass) in the presence of
an additive precipitator [3].

Pic. 1 Functional distribution of construction production in a segment of
paints and coverings [1].

2. Main Content
The results obtained using an automatic laser
diffractometer Fritsch Particle Sizer Analysette 22 indicate
that the content of 0,05-10 micron-size particles is

2

Loganina V. I. et al.: Improving Reliability of Covers Based on Lime Finishing Compositions

18,35-24%, depending on the mode of synthesis.
The study of the qualitative composition of the newly
synthesized filler with XRD, IR and electron microscopy
revealed that the degree of crystallization of the samples is
low. There formed calcium hydrosilicates of various
basicity. The X-ray diffraction pattern (pic. 2) of the
samples of the filler shows diffraction lines (Å) of calcium
hydrosilicates CSH (I) and CSH (II): 10,13, 4,765, 3,582,

3,145, 2,875, 2,82, 2,719, 2,466, 2,283, 2,22, 2,062, 2,013,
1,823, 1,701, 1,629, 1,603, 1,41; calcite: 3,039, 1,921,
1,877, 1,66, 1,297, 1,262; and gidrogalites: 3,858, 3,26,
1,995.
The analysis of the images obtained with the electronic
microscope scanner Phenom TM G2 pro (pic 3) shows that
the structure of the filler has the form of plate- and needlelike formations characteristic of hydrosilicate calcium.

Pic 2. XRD patterns of the filler

Pic 3. Electron micrograph of the powder × 10000

For additional evaluation, the analysis of the IRspectrum of a sample of the obtained filler was conducted.
Figure 3 shows clear absorption bands at 368 cm-1,
675 cm-1, 897cm-1, 981cm-1, 1278cm-1, 1635cm-1,
2450 cm-1 confirming the presence of calcium
hydrosilicates CSH(I) and CSH(II) in the synthesized
material. The absorption bands present on the IR-spectrum
712cm-1, 877cm-1, 1795cm-1 indicate calcite.
The generalized analysis of experimental data results
allowed to establish an optimum ratio of components, to

choose a kind, quantity and concentration of a motar of the
additive taking part in synthesis of a filler, and also to
establish the optimum density and the silicate module of
liquid glass [4]. From the point of strength characteristics
more advantageous are structures with a filler received by
synthesis from liquid glass with a density of 1335-1663
kg/m3 and the module M=1,53-2,9 in the presence of an
additive precipitator CaCl2 in quality 30-50% from liquid
glass weight in the form of 15% solution, and dried up at a
temperature 105˚С.
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The researches show that the filler based of HSC
possesses hydraulic activity. The activity of a filler is
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defined according to a technique [5], makes 195-250 mg/g
(tab. 1) depending on a mode of synthesis (table 1).

Table 1. Activity of the synthesized filler based on HSC
Conditions of synthesis filler

Active filler mg/g

The filler synthesized from liquid sodium glass in the presence of an additive precipitator CaCl2 in quality of 30% of liquid
glass mass ρ = 1335 kg/m3, M=2,9

259

The filler synthesized from liquid sodium glass in the presence of an additive precipitator CaCl2 in quality of 30% of liquid
glass mass ρ = 1135 kg/m3, М=2,9

205

The filler synthesized from liquid sodium glass in the presence of an additive precipitator CaCl2 in quality of 50% of liquid
glass mass ρ = 1335 kg/m3, М=2,9

223

The filler synthesized from liquid sodium glass in the presence of an additive precipitator CaCl2 in quality of 50% of liquid
glass mass ρ = 1135 kg/m3, М=2,9

195

The filler synthesized from liquid sodium glass in the presence of an additive precipitator CaCl2 in quality of 30% of liquid
glass mass ρ = 1663 kg/m3, М=1,53

167

The filler synthesized from liquid sodium glass in the presence of an additive precipitator CaCl2 in quality of 50% of liquid
glass mass ρ = 1663 kg/m3, М=1,53

250

To study water resistance some specimens were prepared
on the basis of sursk quartz sand of fractions 0,63-0,315
mm and 0,315-0,14 mm in the ratio 80:20. Density of the
sand was =1527 kg/m3. As a binding hydrated lime of 2nd
grade with an activity of 84% was used. Additive HSC was
30% by weight of lime. To increase plasticizing properties
of the motar additives Kratasol PFM and C-3 were
introduced.
It is revealed that the mortar samples prepared on lime

binding, filled with HSC, are characterized by increased
water resistance (table 2). Thus, the coefficient of control
samples softening Csof = 0,42, in samples based on filled
HSC binding – 0,54. Samples with Kratasol's additive
PFM (Csof =0,57) and S-3 (Csof =0,63) have higher value
softening coefficient which, is explained by existence of
PFM in Kratasol's additive of a hydrophobic component,
and by denser structure owing to reduction of mixing water.

Table 2. Properties of limy solutions
Structure

The water binding relation W/B

Durability at compression at 28
days, MPa

Water resistance (softening
coefficient Ksof)

Lime:sand=1:4

1,76

0,9

0,42

Lime: HSC:sand =1: 0,3:4

1,76

1,45

0,54

Lime: HSC:sand=1: 0,3:4, plasticizer С-3

0,94

2,28

0,63

Lime: HSС:sand=1: 0,3:4, plasticizer
Kratasol PFM

1,10

2,16

0,57

The additive Pulver DM 1142P was added into a
compounding in quality of 1% by the weight of solids for
increase cohesive and adhesin durability of coverings on
the basis of DCM.
It is established that lime mixtures form coverings which
are characterized by high porosity and a significant amount
of open pores. Introduction of HSC additive leads to
porosity reduction. Thus, the porosity of a sample on the
basis of control structure makes P=37,5%, and with HSC

additive – 31,6%. The introduction of C-3 additive, as well
as Pulver DM 1142P can reduce the porosity to 24,8-25,2%.
The numerical values of coefficient of water absorption, for
structures with additives Kratasol PFM and C-3 + Pulver
DM 1142P respectively are 0,49 and 0,39 kg/(m2·h0,5) and
they testify that coverings according to DIN 52617 are
water-repellent, hydrophobic (less than 0,5 kg/(m2·h0,5)
(table 3).
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Table 3. Values of water absorption by capillary suction (DIN 52617)
Structure

Additive

Coefficient water absorption,
kg/( m2 h0,5)

Water absorption, kg/m2

Lime: sand=1:4, W/K=1,76

-

1,1

4,8

Lime :HSС: sand = 1:0,3:4, W/K=0,94

-

0,67

3,4

Lime :HSС: sand = 1:0,3:4, W/K=0,94

С-3

0,56

2,8

Lime :HSС: sand = 1:0,3:4, W/K=1,1

Kratasol PFM

0,49

2,4

Lime :HSС: sand = 1:0,3:4, W/K=0,94

С-3, Pulver DM 1142P

0,39

1,9

At kinetics assessment of moisture absorption by lime
coverings on the basis of dry construction mixes it is
revealed that moisture absorption follows at stage the
according tu parabolic law (pic. 4). The speed of moisture
absorption is stabilized quickly enough (in 3 minutes). The
numerical values of absorption constant show that
structures with C-3 additive and Pulver DM 1142P absorb

much smaller amount of moisture (table 4), the constant
moisture absorption of speed makes K=0,166·10-15 m6·s-1.
The samples prepared with an additive Kratasol PFM are
also characterized by smaller value of a constant of
moisture absorption speed which is K=0,451·10-15 m6·s-1
that is caused by hydrophobic action of an additive.

Pic.4. Kinetics of water absorption by capillary suction:
1- composition of lime: HSK: sand = 1:0,3:4, W/K=0,94;
2- composition of lime:sand =1:4, W/K =1,76;
3- composition of lime: HSK: sand =1:0,3:4, W/K =0,94, С-3;
4- composition of lime: HSK: sand =1:0,3:4, W/K =1,1, Kratasol PFM;
5- composition of lime: HSK: sand =1:0,3:4, W/K =0,94, С-3 and Pulver DM 1142
Table 4. Value of moisture absorption constant

Structure

Additive, %

Weight of absorbed water in 3
min*, ∆m·10-3, kg

Constant of suction,
К·10-15, m6·s-1

Lime: sand=1:4, W/K=1,76

-

0,367

0,748

Lime:HSС: sand = 1:0,3:4, W/K=0,94

-

0,346

0,665

Lime:HSС: sand = 1:0,3:4, W/K=0,94

С-3

0,341

0,646

Lime:HSС: sand = 1:0,3:4, W/K=1,1

Kratasol PFM

0,285

0,451

Lime:HSС: sand = 1:0,3:4, W/K=0,94

С-3, Pulver DM 1142P

0,173

0,166

*5 cm2 surface of the sample
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The developed structures of dry construction mixtures on
the basis of lime are characterized by accelerated terms of
drying. Time of lime structure drying makes to 3 grade up
10-15 min., to 5 grade - 20-25 min., while similar structures
with application of a thin ground molding respectively 30
and 50 min. The mixtures are thoroughly put on a trimmed
surface of cement and lime-sandy plaster. The class of
quality makes IV-VI. Values of adhesive durability of
coverings on the basis of structures with offered fillers vary
in the range of 0,5-0,9 MPa.
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3. Conclusion
Thus, application of lime structures in a filler on the
basis of HSC allows to get rather strong coverings
possessing higher water resistance and durability.
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