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Abstract. This article focuses on the processes
of interaction between calcium silicate hydrates and
dispersed polyvinyl acetate in tight films with the
aim of developing compounds meant for restoration
and finishing works. The basis of this development
relies on the concept concerning the determining
role of the crystal-chemical factor of the silicate
phase in the formation of organic-mineral com-
pounds of increased durability. The characteristics
of dispersed calcium silicate hydrates are portrayed.
The preparation conditions, accounting for the syn-
thesis of the product of submicrocrystalline struc-
ture, conforming with the stoichiometry
Ca0:S10,=0.8-2.0 have been determined. The inter-
action has been studied for compounds achieved by
mixing ingredients in a rapid whirling mixer, and
subjected to hardening at T=20+2 °C. With the aid
of XRD, DTA and Infra-Red Spectrometry methods
the formation process of the sophisticated polymer
silicate phase in the material was observed for a pe-
riod of 90 days. The properties of the film were in-
vestigated and its high resistance against the influ-
ence of external factors was established. On this ba-
sis a conclusion concerning the quite high effective-
ness of substituting portland cement with dispersed
calcium silicate hydrate in polymer cement com-
pounds has been made White colour and other vari-
ous special properties determine the suitability for
repair and finishing works on facades of buildings.

40

Yevgenia Petrikova

Scientific Research Institute for
Binders and Materials

PhD, Associate Professor

Natalia Amelina

Scientific Research Institute for
Binders and Materials

PhD, Associate Professor

Alla Maystrenko

Scientific Research Institute for
Binders and Materials

PhD, Associate Professor

Oksana Berdnyk

Scientific Research Institute for
Binders and Materials

PhD, Associate Professor

Key words: calcium silicate hydrates, submicro-
crystalline structure, dispersed polyvinyl acetate,
polymer silicate phase, dispersed calcium silicate
hydrate.

Transfer of Innovative Technologies
Vol.6, No.1 (2023), 40-45


mailto:petrikovakisi@gmail.com
mailto:navd1@ukr.net
mailto:al-mais@meta.ua
mailto:kseniareznik87@gmail.com
https://www.scopus.com/redirect.uri?url=https://orcid.org/0000-0001-5321-3518&authorId=57214230362&origin=AuthorProfile&orcId=0000-0001-5321-3518&category=orcidLink

Construction, Architecture

INTRODUCTION

The phenomena occurring during the
hardening of polymer cement materials are
sufficiently and widely studied, especially the
sophistication of their mechanism. It is
presumed that [1] during the initial period of
structure formation, the needle like crystals
constituting the cement germinate to
accumulate the macro-molecules of the
polymer. During this period the hydration of
cement is limited. A notion exists [2] that, when
polyvinyl acetate dispersion is added into
concrete the cement particles are covered by a
thin film of polymer and during hardenig the
crystals join together in a membrane. The water
contained in the dispersion unites and an elastic
membrane composed of polyvinyl acetate
remains.

Agreeing with certain understandigns [3],
anhydrous mineral and high polymer bonds do
not chemically react together. It is assumed that,
during the hardening process of polymer-
cements, there occurs the formation of an
independent framework that reinforces the
polymer-cement. The differences in the
correlation of the ingredients lead to the
alterations of the character of structure
formation, hence affecting the properties of the
composite.

Subsequently, the complexity of the
processes facilitating the hardening of polymer
cement compounds, determines a certain
contradiction concerning the ideas about the
mechanism. However s is of necessity to focus
research on the study of specifically such
conditions of interaction. Note that the structure
formation of such systems is basically
considered to be that of a dense body of a
moulded concrete mixture. In accordance with
our assessmer special attention was not paid to
the peculiarities of structure formation in thin
films at increased water content of the system.
The current research focuses am study of
specifically such conditions of interaction.

RAW MATERIALS AND METHODS

Dispersed calcium silicate hydrates obtained
through hydro-thermal synthesis, based on the
famous methods [4,5] were used, Slaked lime
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and quartz sand were employed as raw
materials also. The quantity of reactive calcium
and magnesium oxides in the lime constituted
80-90% by mass, while that of carbon dioxide
was not more than 5% Quartz sand constituted
not less than 80% mass of silica. The
correlation between the oxides of calcium and
silicon in the raw material mixture for synthesis
was attained on the basis of the acquired
basicity of the produced calcium silicate
hydrate [2,3,13].

The grinding of raw materials was carried
under wet method in a ball mill with ceramic
lining. The achieved suspension was subjected
to hydrothermal treatment in a chemical reactor
with an intermixing device, later filtered and
dried. These well studied and exhausted
parameters facilitated the attainment of a
non—crystalline product, that isofan unstable
state. The identification of the products was
performed with the aid of physical-chemical
methods. The properties of dispersed calcium
silicate hydrates are as follows: specific surface
10.000-30.000 m?%kg; density 1.500-1.800
kg/m?; bulk density 200-250 kg/m? [5].

In order to observe the fluctuations of the
interaction character, depending on the
structure of the silicate, the wollastonite,
calcium carbonate and silica were employed.

Polyvinyl acetate dispersion (PVAD) mark
DF 48/5 CL of particle size 1-3 microns was
used as water dispersed polymer. The
compounds were prepared by mixing
ingredients in a high-speed mixer so as to
achieve compounds having viscosity of 20-30
sec. The solidification of the coating occurred
under normal conditions at 18+2 °C [6-11].

The source materials and the interaction
products were identified with the aid of XRD,
DTA and Infra-Red methods, as well as the
measurements of potential difference by the
method of electro-osmosis [1]. The effective
viscosity was determined with the aid of a
viscometer at a temperature of 20+1 °C. The
coefficient of water resistance and impact
strength of the film (membrane) were
determined in accordance with the research
methods [12].
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RESULTS AND DISCUSSION

As shown on Fig. 1 polymer-silicate
materials are characterised by a general law
expressing the increase in strength and
elasticity at the initial period of solidification
with stabilisation with respect to time when
preserved in air as well as in water.
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Fig. 1. Kinetic curves for impact height (a) and
elasticity (b) of coatings based on CSH with
basicity: 1,1'-2.0; 2,2'-1.5; 3,3'-0.8. Remarks: —
conservation in air in water

The comparison of strength properties of the
studied compounds based on lime powder,
wollastonite and chalk paste that is a substance
of stable and crystal structure, shows that the
latter possesses impact resistance of 2-2.5 times
less than the polymer silicate coating based on
CSH like C-S-H (I) (Fig. 2). Besides the studied
coatings based on C-S-H (I) with concentration
PVAD 13-30% have coefficient of water
resistance  0.85-0.99 differing from the
compared analogues. Hence, the principle
differences in properties may be linked with the
role of mineral components of a compound,
whereby active physical-chemical processes
probably occur in the system containing CSH
of  submicrocrystalline  structure,  and
facilitating the synthesis of strength [13-15].
According to thermographic readings for
samples, the interaction in the system is
accompanied with the appearance of a complex
polymer silicate phase “X” which can be
assessed owing to the presence of a double
exothermal effect at maximum of 325 and
420 °C, with the absence on curves, of the
initial components.
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Fig. 2. Influence of PVAD content on the
coefficient of water resistance (1', 2') and impact
height of coatings (1, 2, 3, 4) based on: 1, 1'. CSH,;
2,2'. Wollastonite; 3. Lime powder; 4.Chalk paste

It is of necessity to note that, an alternative
process in the systems containing anhydrous
mineral compounds of stable crystalline
structure is viable for instance with silica,
calcite and anhydrous wollastonite. Curve on
the DTA charts shows that the compound based
on wollastonite is characterised of an exoeffect
at a temperature range of 320-650°C and
maximum at 400 and 600 °C, thus
corresponding to PVAD [16,17].

Earlier investigations on compounds
possessing silica and calcium carbonate have
established [8] the prolongation of unstable
disintegrating phases in such systems.
Distinguishing from the above process, the
presence of CSH provides an intensive and a
complete interaction by accelerating the
system's structure formation. The DTA data,
based on specimen aged 48 hours, 90 and 360
days of hardening provides the proof. All the
compounds have practically the same thermal
effect, notwithstanding the  significant
differences in time conservation.

The most reactive part of PVAD molecules
is considered to be the carbonyl C=0. Its
presence is confirmed by absorption band of
1700 cm™ (Fig. 3, curve 1).

Besides, the C-O-C, group characterised by
spectral band 1.200 cm™ (Fig. 4), is necessary
for the reaction capacity. Particularly, according
to changes in absorption band, which is related
to these groups, we can judge the changes in the
whole system.

Transfer of Innovative Technologies
Vol.6, No.1 (2023), 40-45



Construction, Architecture

41900 4700 /508 4300 o . 990 705 3. 4a¢
A L e

Fig. 3. IR spectrograms: 1-PVAD: 2-calcium
hydrosilicate CSH 1); 3-a sample of polimersilicate
coating with A concentration 20%; 4-the same with
a concentration of 30%

The availability of un-divided electron pairs
in the oxygen atom, which takes part in the
mentioned bondings stipulates it to acquire the
properties of an electron-donor as well as the
possibility in conjunction with these of forming
a donor- acceptor bond [8]. Calcium ion acts as
the eletron acceptor in the CSH with the
formation of a compound [17].

The Infra-Red spectroscope (IRS) (Fig. 3,
curve 3,4) graphs of the investigated
compounds record a visible displacement of
1.630 cm™ of about 5 cm’! less, which is caused
by the nature of the binder [18,19].

Besides, the characteristic of the donor-
acceptor interaction between Ca-ion and
carbonyl group, evaluated by the absorption
band 1.550-1.560 cm™ of low intensity, is
known [8]. In the studied polymer silicate
system it is difficult to record such a band, due
to its coincidence with the vibration of the
silicate group C-S-H (1) at 1.420 cm™. In this
zone on the IRS graphs spectroscope
insignificant vibrations at 1.550-1.560 cm,
(Fig. 3, curve 3,4) corresponding to the
formation of complicated compounds,
characterisign of donor-acceptor interaction
between the calcium ion and the carbonyl group
of PVAD are observed.

As shown by curves of IRS, a shift of
vibrations of carbonyl group 1700 cm™ by 40
cm?, that is 1.740 cm™, is obvious also for the
C-O-C group 1.200 cm, that is 1240 cm™. The
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film formation process is accompanied by
changes in bond shape of the silicate
components. The IRS graphs, expressed the
increase in absorption band in zones of 900 -
1.200, 450 - 650 cm™, relating to the valency
vibrations of Si-O.

As indicated by the investigations, the
electrokinetic potential (EKP) of the polymer
containig dispersions of CSH can vary in wide
limits, depending on the PVAD concentration
(Fig 4, curve 1). The initial CSH possesses a
negative EKP (-64 mv), which is characteristic
for the majority of the natural and synthetic
silicates [S1] and explained by the peculiarities
of the crystalline structure. Distinguishing from
CSH, the PVAD in water possessses a positive
EKP (+11 mv). The difference in charge sign on
the surface of the CSH and PVAD particles in
the blended dispersion facilitates the interaction
of particles thus providing conditions for
heterocoagulation. ~ Thus,  varying  the
correlation of the concentrations contrary to the
charged phases ought to alter the structure state
of the system. Experiments show that, the
addition of PVAD into CSH dispersion
decreases the EKP to zero and later attains
positive values. However, isoelectrical point is
attained at very high PVAD concentration 90%.

Curve 7-C is characterised by two sections
(Fig. 4, curve 1): a rapid reduction in EKP is
observed for regions with minor concentrations
of PVAD. whereas after inflection when PVAD
content is 10-20% a relatively gradual change
in EKP with respect to rise in concentration is
observed.

20 0036 ~
10 :
S
% T\ 0034 &
g 0 2
% r0.032 8
§ % §
N 1 H0.030
.30 +0.028
404
10.026
-504 2
10.024
-60
q
.71 + - v - - .022
% 20 40 60 80 108

Concentration(%)

Fig. 4. Dependence of EKP (curve 1) and effective
viscosity (curve 2) of polymer silicate suspension
upon the PVAD concentration
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The appearance of the point of inflection on
the curve proves of the transition of the
dispersion from one structure state to the other,
which is caused by the achievement of a
specific correlation of the surface charges of
CSH and PVAD particles. Therefore, in the
same regions of PVAD concentrations (10-
20%), the maximum value of effective viscosity
of dispersions is observed (Fig. 4, curve 2). The
addition of PVAD and increase in viscosity,
corresponding to the strengthening of structure
continues till the achievement of anisotropy on
the surface charge of the CSH particle.

Such a state is linked with the formation of a
large quantity of bridge bondings of the CSH
particles and PVAD globules.

The results of interaction of the system under
consideration account for the formation of a
film (thickness 1.5-2.5 mm) with the following
properties: total drying (dehydration) 1.0-1.2
hrs,; impact strength 6.3-7.4 MPa; adhesion to
foundation 1.6-1.8 MPa; coefficient of water
resistance 0.94-1.0; frost resistance 35-60
cycles; atmospheric resistance 350-600 cycles.

The experience of utilising active interaction
of calcium silicate hydrates and polymer in film
is relevant for the preparation of painting
materials.

CONCLUSION

1.Physical-chemical investigations on the
process of structure formation of the com-
pounds under consideration confirm that their
interaction activity is higher than for similar
systems, containing anhydrous minerals of sta-
ble crystalline structure.

2.The achieved coatings are found to be wa-
ter- resistant, and this is regarded as one of the
most significant properties accounting for the
durability of paints as construction materials.
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Cucrema "qucnepcHuii noJiBinijianerar-
CHJIIKAT KAJIbUiI0'" B 03100/110BaJIbHUX
Marepianax

€seenia Ilempikosa, Hamania Amenina,
Anna Maticmpenxo, Oxcana beponux

AHOTauifl. Y CTarTi poO3NIAOAIOTHCS MPOIECH
B3a€EMOIIi TipaTiB CUJIIKATy KaJbLilo0 3 JUCIEpC-
HUM TOMIBIHIJIAIIETATOM Y TOHKHX TUTIBKaX 3 METOIO
PO3POOKH CHONYK, MPU3HAYSHUX IS pecTaBparliii-
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HUX Ta 03100F0BaBHUX POOIT. B 0CHOBY naHOi po-
3pOOKH MOKIIAIEHO KOHIICTIIIIO IIOI0 BU3HAYAIBHOT
POJTi KPUCTATIOXIMITHOTO YAHHHUKA CHIIIKATHOT (ha3u
B YTBOPEHHI OpPTraHO-MiHEPaJbHHUX CIOJYK IIiJBHU-
meHoi MimHocTi. HaBeneHo XapaKTepHCTHKH HC-
MIEPCHUX TiApaTiB CHIIKAaTy KajbIlifo. BusHaueHO
YMOBH OTPHUMaHHSI, 10 BPaXOBYIOTh CHHTE3 POIY-
KTy CyOMiKpOKpPUCTAIIYHOI CTPYKTYpH, IO BiAMO-
Bimae crexiometpii Ca0:Si02=0,8-2,0.

B3aemonis Oyna BHBUEHA IS CIIONYK, OTpPHMa-
HUX HIISIXOM 3MIITyBaHHS iHTPEIi€HTIB y MIBUIKIC-
HOMY BHUXPOBOMY 3MIIlIyBaui Ta TBEPIIIOUMX MpPH
T=20+2°C. 3a gonomororw meronis XRD, DTA ta
iH(ppauepBOHOT CIEKTPOMETPii MPOIEeC yTBOPEHHS
CKJIaJHOI MoJiMepcuiikaTtHOi (asu B Marepiami
crioctepiraBes mpoTsarom 90 mHiB. JlociimkeHo Bia-
CTHBOCTI TUTIBKH Ta BCTaHOBIICHO i BHCOKY CTili-
KiCTh JI0 BIUIMBY 30BHIlIHIX (hakTopiB. Ha mincTasi
IHOTO 3pO0JIEHO BHCHOBOK MO JTOCUTH BUCOKY ede-
KTHBHICTh 3aMiHH TOPTIAHIIEMEHTY JUCIIEPCHUM
TiIpaToM CHIIIKATy Kajiblilo B IMOJIMEPIEMEHTHUX
cymimax. binmuit xomip i iHOI pi3HOMaHITHI 0CO0-
JIUBI BIIACTUBOCTI BU3HAYAIOTH MIPHUIATHICTH IS pe-
MOHTHUX 1 03100JTFOBAJIEHUX poOIT Ha (hacamax Oy-
IIBETb.

KurouoBi cjioBa: riparu CHITIKaTiB KaJbIIito,
CyOMIKpOKpHCTaIiuHa CTPYKTYpa, TUCTIEPCHUH TT0-
JIBIHIJIAIIETAT, MOJIIMEepCHIIiKaTHa (haza, Jucrepc-
HUH TiIpaT CHIIKATy KaJIbIIIO.
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