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Abstract. The development of new types of composite material an important aim for
construction. Nanoscale admixtures allow efficienintrol of the composition and properties.
Results of experimental investigations concernirifpce of admixture of nanoscale barium
hydrosilicates to the chemical composition of hyeldgportland cement are discussed in the present
work. It is shown that several key processes di@daplace during nanomodification. Amount of
portlandite in cement stone decreases, and theadses quantity growth of different calcium
hydrosilicates CSH (1), CSH (ll), riversideite ardnotlite. Influence of composition and storing
time of barium hydrosilicates to the ratio of difat portland cement hydration products is
examined. It is found that admixture of barium [ogilicates with gross formula
Ba0+26.47Si@nH,0O stored for 28 days leads to both reduction otlgadite and accretion of
hydrated phase.

I ntroduction

Currently, one of the requirements in Russian ¢ansbn industry is to develop effective concrete
with required parameters of quality. The essencengiroving the technical and economical
efficiency of cement concrete is to increase tHeevaf an integral parameter which characterizes
consumption of cement per unit strength:

CR =C/Rc, (@B)

whereC — consumption of portland cement, kd/Rc — compressive strength of concrete, MPa.

Such increase can be achieved in various ways.nids common are: admixture of chemical
and / or mineral supplements; preparation of aggesy using of portland cement with high
activity. There are also combined methods.

Methods of control of structure formation at themaic and molecular levels are subjects of
design in nanotechnology. Such methods are cuyrantlactive development; they can be
implemented in various ways. There is a feasibld aell-studied technique which allows to
implement the nanotechnology. The technique of matification can be implemented on existing
production lines, and the essence of the technigjulee introduction of nanoscale modifiers (so-
called “primary nanomaterials”). Such materialdude various nano-carbon objects, sols, ceramic
or oxidic compounds, etc. [1-5]. For cement systetime nanoscale barium hydrosilicates can be
used as modifiers. Their application is promisirgytiplly because of low-temperature sol-gel
synthesis technology of relatively low cost.

Nanoscale barium hydrosilicates are products ddraution between barium hydroxide and
silicic acid synthesized in system with nanoscalgigles of iron hydroxide (lll) [6]. It is knowr7]
that nanosized barium hydrosilicates are reactivitimes which are capable of changing the rate of
structure formation and the influencing the chemicenposition of the reaction products [8]. This,
in turn, determines the physical-mechanical andaimnal properties of the cement stone.



Experimental setup

Several informative methods of structural analysese used during the study of nanomodified
cement stone. Differential thermal analysis wasiedrout on the HDSC PT1600/1400 device. X-
ray analysis was performed on the ARL EXTRA deyBeagg angles 4-78, Cu anode and Ni
filter, goniometer rotation rate was 1.2 deg/min).

The samples were prepared according to the reqairenof the aforementioned instruments.

Experimental results and discussion

To study the influence of nanoscale barium hydicaiés on the chemical composition of
nanomodified cement stone it is necessary to uBaniative methods of research, including
infrared spectroscopy, differential thermal anaysnd X-ray analysis.

Differential thermal analysis allows to quantifyetiaariation of the main phases of cement stone.
Studies show (Fig. 1) that composition of artificihone changes during nanomodification: the
degree of hydration of portland cement is increagdsle amount of carbonate portlandite phase
decreases.
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Figure 1. Thermograms of reference (1) and nancireddiement stones (2)

Examination of phase composition of nanomodifietheet stone by means of X-ray analysis
indicates a decrease in the amount of portlandit@™..28% (Fig. 2). Admixture of nanoscale
hydrosilicates barium leads to an overall incraagbe intensity of peaks corresponding to calcium
hydrosilicates CSH (I) and CSH (Il). The amountsieérsideite and xonotlite in the cement stone
are minimal.

However, by means of X-ray analysis it often imploigsto accurately determine the changes in
the concentrations of components. It was shownndustudies of changes in the chemical
composition of hydration products with the admigtuwf nanoscale barium hydrosilicates that
chemical composition of barium hydrosilicates arkirt age are influencing the chemical
composition of the resulting artificial stone (Fg8j.Table. 1).
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Figure 2. Results X-ray analysis of nanomodifiethest stone: P - riversideite; T - tobermorite;
| - calcium hydrosilicate CSH (I); Il - calcium hyasilicate CSH (11)IT - portlandite
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Figure 3. IR spectra of cement stone modified bgosaale barium hydrosilicates based on
precursor with silicic acid of composition: 1-Ba@:26SiQenH,0; 2 - reference cement stone; 3 -
fresh Ba0+26,47Si@nH,0; 4 - Ba0+26,47Si®dnH,0 at age of 28 days

Analysis of hardened products by means of infraspdctroscopy shows that for all tested
compounds bands are observed at the same wavelbogtihnese bands are of different intensities.
Therefore, to identify the underlying processess ipossible to examine alternation of phases or
areas of the observed peaks. Area values of anesreeé shown in Table. 1.

As it follows from Table 1 and Fig. 3, for all examad samples there are peaks at same
wavelengths. But these peaks are of different sites. Therefore, identification of underlying
processes is possible if we examine the alternati@moncentration of phases and areas of observed
peaks.

Anomalies in the spectrogram are observed at wagtis 3638, 1414, 1100, 950 and 87Ttm
Intensive band at 3638 s due to vibrational degrees of freedom of OHugs Therefore, the
response may be caused by portlandite, xonotlitanather hydrosilicates with similar structure
relative to the position of the hydroxyl group. i#t known that the admixture of nanoscale
hydrosilicates considerably reduces the amount atlgndite in the cement stone. Therefore,



reduction of the area near the 3638 tpeak in 1.19...12.1 times (depending on the caneton
and duration of storing of the colloidal solutiois) probably due to decreased concentration of
portlandite.

Table 1. Areas of anomalies

Composition Wavenumber, cit
P 3638 1414 1100 950 871

Reference cement stone 0.121 9.054 0.581 4.153 00.70
Cement stone nanomodified by
fresh BaO-26,47SinH0 0.102 11.709 1.103 4.447 0.970
Cement stone nanomodified by
Ba0-26,47Si@nH0 at age of | 0.010 16.980 2.004 3.328 1.620
28 days
Cement stone nanomodified by
fresh BaO-24.86SinH,0 0.020 12.235 1.007 2.533 1.14

Peaks in range of 800...1100 Cnare typical for calcium hydrosilicates. In partay line at
1100 cm® corresponds to spanning vibrations of Si-O—Sietkel, vibrations of symmetrical and
asymmetrical Si—O bonds typical for tobermoriteeligtructures. Admixture of nanoscale barium
hydrosilicates increases the content of such s#&cdt must also be noted that during storingufor
to 28 days activity of nanoscale barium hydrosiksgas nanomodifiers) grows.

Peaks at 1414 crhcorresponds to bending vibrations of hydroxyl geun vertices of the
silicon-oxygen tetrahedral. These peaks can alsoabsed by calcium carbonate, thus indicating
presence of any mentioned components. Furtherroonebination of peak at 1414 chwith broad
peak in range 3300...3500 chindicates presence of submicrocrystalline tobeiterdike calcium
hydrosilicates. The above indicates further fororatf tobermorite-like calcium hydrosilicates. A
similar effect is observed when nanoscale additigessed, based on barium hydrosilicates and
stored for 28 days. This indicating the possibildf long-term storing of nanoscale barium
hydrosilicates.

Peak at 950 cm corresponds to stretching vibrations of Si(OHe(ehare three types of such
vibrations), as well as vibrations of calcium hyglriioaluminates. Admixture of nanoscale barium
hydrosilicates in most cases reduces the intensithis peak. Accordingly, it belongs to calcium
hydrosulfoaluminates and not to calcium silicatesrease of content of calcium hydrosilicates was
already confirmed by X-ray diffraction and by inased intensity of peaks on IR spectrograms at
1100 cm*and 1414 cri.

Weak maximum at 871 crhis typical for —(SiOi0) and ettringite. Response of ettringite is
weakly expressed on X-ray diffractograms. Thus,atieixture of nanoscale barium hydrosilicates
leads to increase of hydrosilicates in reactiordpots.

Conclusion

It is revealed that admixture of nanoscale bariyardsilicates changes the chemical composition
of cement stone. Content of portlandite reducesodm of hydrosilicate phases grows (was clearly
identified phases CSH (1), CSH (ll), riversideitadaxonotlite). It is found that reduction of
portlandite and increasing of the hydrosilicatestent are observed for barium hydrosilicates with
chemical composition described by gross formula 87SiQenH,0. It also revealed that shelf
life of nanoscale barium hydrosilicates exceeds d2§s; this simplifies production of the
nanomodified cement composites.
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