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INVESTIGATION OF RHEO-
MECHANICAL PROPERTIES OF
CEMENT SUSPENSIONS ACTIVATED
IN A HYDRODYNAMIC CAVITATOR

Hasedeno pesyromamu peo-mexaniuvnux 61acmu8ocmeil UeMeHmHUx CYycnensiil, aKxmueosanux
6 2i0podunamiunomy Kasimamopi. Biosnaueno, wo 3i 36irvuennsm uacy xasimauinnoi oopobxu 6io 1 do
25 x6 npu weudxocmi nomoxy 0o 66,5 m/c npu wucni xasimayii X=0,088, 6i0snauaemvcs 3pocmanisi
mucky 0o 3 MIla i memnepamypu do 58 °C. Cnid 3asnauumu, wo 3HUNEHHS KLIbKOCME NOPMAAHOUeMeH -
my 6id 10 do 14 % doseonsie ompumamu wmyuHui Kaminy 3 miynicmio npu cmuckanni 57,3+1,3 Mlla.
Kmouosi cnosa: 2idpodunamiviuil Kasimamop, OuHaMiuna 6 a3KiCmb, Kasimauiiuna 00pooKa, MiuHiCMb

npU CMUCHEHHT, YeMEHMHO-800HA ClYCNEN3IsL.

1. Introduction

According to the data of [1], one of the most impor-
tant stages of concrete formation determining the quality
of manufactured building products is the preparation of
concrete mixtures. Any technology that allows to save
components of concrete mixtures, excluding or simplifying
any technological operations for their preparation, makes
it possible to reduce financial costs or at the same costs
to increase the amount of construction.

At present, along with the chemical modification of
Portland cement systems by introducing organic and mineral
additives in them, methods of physical treatment of mixing
water are being intensively developed [2-4] (Fig. 1). The
latter is due to the fact that the water present in the
concrete mix is its most active component [5-7]. For-
ming physical and chemical bonds and adsorption contacts,
water sets the speed and depth of hydration of cement,
the conditions for the formation and hardening of cement

stone, the speed at which concrete strength is set, which
ultimately affect the cost of building structures [6, 7].

In turn, it is known that the activity of water de-
pends on its energy state and various physical impacts
on water, which intensify the processes taking place with
its participation [8, 9].

In particular, magnetic, electromagnetic or acoustic
treatment of water leads to a change in its ionic com-
position, the value of the hydrogen ion activity index,
viscosity, surface tension and specific electric conducti-
vity [10-13].

At the same time, water acquires a high chemical and
hydration activity, which results in the possibility of directed
regulation of technological properties of cement systems
that are closed with its use. Therefore, it is important
to study the activated cement-water suspension with the
calculated amount of Portland cement for rheo-mechanical
properties, both of the suspensions and of the artificial
stone based on them.
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Fig. 1. Methods of activation of mixing water (7). More modern varieties of physical influences are highlighted in green [8-10]
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2. The ohject of research
and its technological audit

The object of research is cement slurries activated in
a hydrodynamic cavitator.

For research in this paper used:

— drinking water (DSTU 7525:2014);

— Portland cement of the mark III[ I-500-H (DSTU
B V.2.7-46:2010), ground to a specific surface of 3550 cm?/g
(according to Blaine), containing clinker minerals, mass. %:
CsS — 61.2; B-CoS — 15.18; C3A — 6.45; C4AF — 11.8;

— Dniprovsky sand with a grain size unit My=1.47,
an average density of 1420 kg/m3, a void of 42 %, a true
density of 2.63 g/cm? a clay content of 1.6 %.

Total balance on the sieve No. 063 — 4.5 % by weight.
The quality of the sand corresponds to the requirements
of DSTU B V.2.7-32-95, DSTU B V.2.7-43-96 to the small
aggregate for heavy concrete.

The properties of activated water in conditions of hydro-
dynamic influences and cement mixtures on their basis have
been studied separately. However, there is no data on the
influence of the cavitation parameters on the properties
of cement slurries and concrete on their basis.

Positive from the use of cavitation effects is the reduc-
tion of the dynamic viscosity of cement slurries, the estab-
lishment of optimal mixing speed and increased strength
properties of the binding agent.

The negative moment in applying cavitation effects is
increasing the abrasive wear of the cavitator homogenizer,
as well as the lifetime of the activated cement-water slurry.

3. The aim and ohjectives of research

The aim of research is investigation of the parameters
of cavitation treatment for the rheo-mechanical properties
of cement suspensions.

To achieve this aim, the following tasks are solved:

1. To perform cavitation treatment of water and es-
tablish the optimum time of cavitation effect on changes
in pH of water and strength of cement stone.

2. To determine the minimum viscosity and the optimum
rate of its achievement in the cement slurry activated in
the hydrodynamic cavitator.

3. To determine the strength properties of cement-sand
mixtures obtained on the basis of an activated cement-
water suspension.

4. Research of existing solutions
of the prohlem

As shown by the analysis of literature sources [13—18],
the physical activation of water, including hydrodynamic,
leads to the formation of hydrated electrons:

H,O—H*+OH?;
H*+H*—>Ho;
H*+OH*—H,0;
OH*+OH*—H,0x;
OH*+H,—H,O+H®;
H*+OH - ey, +Hy0;
e tH ' —H?;

€agt 02— 03,

contributing to an increase in its pH and, as a conse-
quence, its activity in the case of use as a mixing fluid
for cement systems.

Known methods of increasing the activity of cements
include mechanochemical, the essence of which is increase
in the specific surface area of materials with a simultaneous
increase in surface energy, which provides an increase in
the reactivity of the cement binder. The disadvantages of
the dry method of activating cement include:

— treatment time, reaching up to several hours,

— high energy intensity of equipment and its low pro-

ductivity,

— short terms and complexity of storage of activated

cement [19].

More effective is cavitation treatment of cement-water
suspension in thermodynamic or hydrodynamic dispersing
activators (cavitators) integrated into the technological
process of preparation of concrete mixtures [20].

The principle of operation of cavitation plants is cre-
ation of effects of hydrodynamic and acoustic cavitation
in a liquid medium passing through the working parts of
the unit, when the resulting ultrasonic acoustic vibrations
disperse and activate the material particles. The intensive
influence on the cement-water suspension of micro-impacts,
cavitation ruptures, stretching and ultrasonic vibration leads
to its heating, grinding of the particles of the dispersed
phase and the formation of stable activated suspensions.

According to the data of [21], the activation treat-
ment of Portland cement by activating the cement binder
in hydrodynamic dispersants contributes not only to an
increase in the strength of the cement stone by a factor
of 2, but also improves the homogeneity of the cement-
water suspension.

However, in the above studies there are no data on the
effect of cavitation treatment of cement-water suspensions
on the pH change and their viscosity. This shortcoming
will be partially disclosed in this paper.

5. Methods of research

Activation of mixing water and water-cement suspensions
is carried out in a hydrodynamic cavitator (Fig. 2) [15,
22-26], the constructive scheme of which is shown in Fig. 3.

Fig. 2. Hydrodynamic cavitator: 1 — control panel; 2 — motor-reducer;
3 — reactor; 4 — screw pump; 5 — homogenizer
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Fig. 3. Constructive scheme of the cavitator:
1 - inlet pipeline; 2 — oscillator — cavitator: I,.=35 mm; p=20°
D=4d,,; I.,=086..2d,,; 3 — output pipeline; cr — the critical section

Calculation of the cavitation number with the defini-
tion of cavitation treatment is carried out according to
the formula:

2(P-P,
)
pv

(1)

where P — pressure of the flow, Pa; Py — saturated vapor
pressure, Pa; p — density of water and cement-water sus-
pension, kg/m3; v — flow velocity at the nozzle inlet, m/s.

The processes of dispersion and amorphization of the
structure of the solid phase of the cement slurry are deter-
mined by the acoustic emission method [27-29] (Fig. 4).

Fig. 4. Equipment for fixing and digital recording of noise arising
in the cavitator homogenizer: 1 — broadband piezoceramic acoustic sensor;
2 — notebook with Spectrogram 16 software

Digital audio recording of noise arising during cavita-
tion treatment of mixing water and cement slurry is car-
ried out in WAV format of the Spectrogram program 16.

A continuous spectrum of acoustic noise carries infor-
mation about physical phenomena that occur in the flow
of fluid passing through the cavitator [28]. With increas-
ing hydrodynamic pressure, a more intensive collapse of
cavitation bubbles occurs, contributing to an increase in
the noise intensity. Spectrograms record bursts of noise
characterizing the dispersion of cement particles in the
suspension flow.

The linear dependence of the flow velocity on noise
is described by the dependence:

0=0.015N+1.7, (2)

where

N=101g(I/Iv),

where Ip=10-12 W/m? — the power of the sound wave

through a unit of surface relative to the input level.
The intensity of the sound resulting from the collapse

of cavitation bubbles is described by the dependence:

2
1= 3)
210

where Apy — the amplitude of the sound wave expressed
in the number of decibels N; v — the velocity of the sound
wave that propagates in the cement slurry; p — the density
of the cement slurry.

PH changes before and after cavitation treatment of
water and cement suspensions are carried out on the EZODO
PL-700AL multifunction laboratory instrument (Taiwan),
combining the functions of a pH meter/ORP meter/Ox-
imeter/Conductometer/Salinometer/Thermometer.

The rheological properties of the cement slurries are de-
termined using a Brookfield viscometer RV DV2T (USA),
spindle No. 4 (Fig. 5).

Fig. 5. Brookfield viscometer BV DV2T

Physical and mechanical tests of Portland cement ¢re
carried out in accordance with GOST B.2.7-185: 2009,
DSTU B V.2.7-187:2009, DSTU B V.2.7-188:2009, which
covered the definitions of normal density of cement paste,
setting time, tensile strength compression and bending of
cement stone.

6. Research results

Activation of water is carried out in a static-type hyd-
rodynamic cavitator (Fig. 2). The water is subjected to
cavitation for 25 minutes and the controlled parameters
are fixed at the intervals specified by the experiment. The
results of measurements are given in Table 1.

With an interval of 5 minutes, the activated water is
poured into a container, which is subsequently used to
form cement-sand samples (Table 2).

It can be seen from the spectrogram (Fig. 6, a) that at
the end of the first minute of cavitation treatment of the
mixing water at a pressure of 0.5 MPa, a burst of noise
at a frequency of 23 kHz is recorded characterizing the
beginning of the process of dispersing impurities in water
and breaking the Van der Waals bonds. With an increase

;20
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in the time of cavitation treatment from 1 to 25 minutes
at a flow rate of 66.5 m/s and a cavitation number of
X=0.088, pressure increases to 3 MPa and a temperature
of up to 58 °C. Spectrograms (Fig. 6, b) show bursts of
noise amplitudes at frequencies of 500 Hz, 1 and 4 kHz,
which characterize the avalanche increase in the products
of water thermolysis with a simultaneous increase in the
pH of water to 8.25 (Fig. 7).

The calculated energy, which is released as a result
of the collapse of cavitation bubbles, (Es=1046.29-10-6])
under the above modes of cavitation influences can break
the O-H bond (Es=71.63-10"2)) [16, 24, 30-32].

The observed increase in the pH of water, regardless
of the sources of physical effects, is confirmed by the data
of [14—17]. From the data of Table 2 it is shown that the
time of cavitation treatment of water affects the physical
and mechanical properties of cement-sand mixtures, namely:

Tahle 1
. — the value of NDD increases by 1 %;
Controlled water activation parameters . . ; L .
— there is an increase in the mobility of the mix-
Duration of | Pressure at the ;I'Etrl?!]:efﬁt;rteh:tﬂﬂnl; Temperature tu.re (cone flow) in 1.11?....1.21 times in comparison
cavitation treat- | inlet to the cavi- hamber of th in the reactor with the control composition;
ment, min tator P1, MPa chamber ot the T2, °C — the start time of the setting is within the experi-
cavitator T1, °C
mental error;
1 0.5 22 21 — in the early periods of hardening, a slight decrease
4 1.1 25 23 in the strength characteristics of cement-sand mix-
6 13 29 26 tures on activated water is observed compared with
10 14 3 20 the control composition; _
0 " 20 - — at the brand age the strength values are higher by
: 1.11..1.14 times compared to the brand strength of
15 1.8 42 37 the control sample.
20 2.1 45 40 Taking into account the positive tendency of growth
23 29 50 44 of brand strength of cement on activated water, further
studies are aimed at activating water-cement suspensions,
24 2.5 52 45 . . . .
including up to 10 % of cement in the suspension. The
25 5 o8 a0 results of the studies are given in Table 3.
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Fig. 6. Spectrogram of acoustic noise: a — first; b — at the end of the cavitation treatment of water: amplitude swings — 1 (min), 2 (max)
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Table 2

Test results of cement-sand mixtures on activated
water (W/C=0.5=const)

Activation | NID, lf:lEl:f g:::;:_l;f HCS/H]:L&F}:;;:I::S‘E%;“ e

time, min | % mml min g 2 ; o8
0 28 120 111 |20.5/2.7 | 38.51/4.8 | 51.4/5.2
5 29 140 95 19.8/2.7 | 35.0/4.8 | 58.8/56
10 29 145 113 | 19.4/289| 35.0/4.9 | 58.4/5.3
15 29 145 108 [ 18.7/2.7| 34.1/4.7 | 56.3/5.4
20 29 135 114 [19.4/3.0| 34.1/4.8 | 55.3/5.5
25 29 145 110 |20.0/2.89 | 36.3/4.9 | 54.4/5.5

Tahle 3

Controlled parameters of activation of water-cement suspensions

Duration of Pressure at the | Temperature at the | Temperature
cavitation treat- | inlet to the cavita- | outlet from the flow | in the reactor
ment, min tor P, MPa chamber T1, °C T2, °C
5 0.55 26 23
10 0.63 32 28
15 0.65 35 32

As can be seen from the data in Table 3, an increase
in the time of cavitation treatment helps to increase the
pressure and temperature at the outlet of the slurry from
the flow chamber. This indicates the passage of more in-
tensive dispersing processes in the frequency range of
700-800 Hz and mass-transfer processes in the frequency
range 1.9-3.5 kHz (Fig. 8), aimed both at reducing the
size of Portland cement particles and on the formation
of primary crystallization structures. The beginning of
amorphization of clinker minerals is fixed at a frequency
of the order of 17 kHz for 5 and 10 min of cavitation
treatment (Fig. 8, a, b). It is impossible to judge the
development of this process due to the limited frequency
of the computer’s sound card.

Cavitation treatment of water-cement suspension for
more than 15 minutes (Fig. 8, ¢) is not practical, since its
temperature rises, as a result of which the rate of crystal-
lization increases and slurry thickens. This is confirmed
by rheological studies (Fig. 9).

As can be seen from Fig. 9, the non-activated water-
cement slurry refers to pseudo-plastic fluids, i. e., reduces
its viscosity from 451.000 cP to 1279 cP while increa-
sing the spindle rotation speed from 0.1 to 75 min~!. The
water-cement suspension activated for 10 minutes refers
to the dilatant liquids, i. e., increases its viscosity from
160 to 273.5 cP with an increase in the spindle rotation
speed from 50 to 200 min~.

In general, the studied cement-water suspension refers to
thixotropic liquids and, when applied externally, for example
vibration, becomes a viscous-fluid state [33]. However, the
removal of a complete rheological pattern is difficult due
to the intensive sedimentation of the solid phase (cement
particles) in the liquid phase of the suspension.

Elimination of this disadvantage is possible due to the
introduction of stabilizer additives, for example starch esters.

Table 4 shows the results of physical and mechanical
tests of cement-sand mixtures obtained on the basis of
a 10 % cement-water suspension activated for 11 min.
Unlike the traditional scheme of preparation of cement-
sand mixtures, the approach is based on the following:

— first, the missing amount of cement is added taking

into account the one that is already in the activated

cement-water suspension;

— secondly, they followed the path of reducing the

amount of cement in the investigated system. Formula-

tions of mixtures: No. 1 — W — 247.5 ml; C — 0.45 kg;

S — 135 kg; No. 2 — W — 242 ml; C - 0.44 kg;

S — 1.35 kg; No. 3 — W — 236.5 ml; C — 0.43 kg;

S~ 1.35 ke

From the obtained test results follows: the water con-
sumption of the mixtures has increased insignificantly
(by 0.5 %), the cone flow has increased considerably by
1.33...1.38 times compared with the unactivated system.
In 1.14 imes in comparison with the activated water of
mixing.

;22
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Fig. 8. Spectrogram of acoustic noise after:
a - 5 min; b — 10 min; ¢ — 15 min of cavitation treatment of water-cement suspensions: amplitude range — 1 (min), 2 (max)
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Fig. 9. Change in viscosity of 10 % cement-water suspension, depending on the rotational speed of the spindle:
a — without cavitation treatment; b — after cavitation treatment; ¢ — rheological flow curves
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Tahle 4

The results of tests of cement-sand mixtures on an activated 10 %
cement-water suspension (W/C =0.55=const)

Cement Cone | Start of NOD Hes/Rcf, MP?, dgpending on the
consump- | flow, setting, % ! hardening time, days
tion, kg mm min 2 7 28
0.45 160 105 29.5 | 20.1/2.4 | 32.0/4.5 | 58.5/6.9
0.44 165 115 29.5 | 20.6/2.5 | 33.3/46 | 57.3/6.7
0.43 160 103 29.5 | 19.8/2.3 | 34.8/4.7 | 56.0/6.5

The compressive strength on the 28th day of hardening
increased 1.14 times as compared to the unactivated cement
system and remained at the strength level of astringents
obtained on the activated water of mixing. It should be
noted that reducing the amount of Portland cement from
10 to 14 % makes it possible to obtain an artificial stone
with a compressive strength of 57.3+1.3 MPa.

7. SWOT analysis of research results

Strengths. The positive effect of cavitation treatment
on both the activation of water of mixing and on the
activation of cement-water suspensions is noted. It is noted
that at 10 minutes of cavitation treatment at pressures
of 0.63-1.4 MPa:

— pH of the medium increases (pH+7.56);

— the dynamic viscosity of suspensions decreases in

10.38 times;

— the brand strength of the studied binding composi-

tions increases in 1.14..1.38 times.

Weaknesses. The negative effect of the object of research
on its internal factors is manifested in the retardation of
the kinetics of the set of strength in the early stages of
hardening on days 2 and 7.

Opportunities. Opportunities for further research will be
directed at studying the processes of structure formation of
activated cement-water suspensions, improving the design
of the cavitator and the mixing chamber for increasing
the flow rates, enhancing physical effects.

The introduction of the research facility into produc-
tion will facilitate the production of more homogeneous
concrete mixtures and quality products based on them.

Threats. The external field, as well as the limited frequency
of the sound card of the computer, can affect the object
of research, which will be taken into account in further
research. The proposed way to activate binders relates to
nanotechnology and will initially be costly for the construc-
tion industry. However, the payback of this technology will
begin to appear in 1.5 years from the introduction.

In the world there is a sufficient variety of cavitation
devices, but the investigated one belongs to the category
of supercavitational mixers, in which physicochemical pro-
cesses are carried out in the cavitation cavity, but not in
the near-wall regions typical for simpler cavitator designs.

1. After cavitation treatment of mixing water at a
pressure of 0.5 MPa, a burst of noise at a frequency of
23 kHz is recorded characterizing the beginning of the
process of dispersion of impurities in water and the break-
down of Van der Waals bonds. With an increase in the
time of cavitation treatment from 1 to 25 minutes at

a flow rate of up to 66.5 m/s with a cavitation number
of X=0.088, there is a pressure increase of up to 3 MPa
and a temperature of up to 58 °C. The fixed bursts of
noise amplitudes at frequencies of 500 Hz, 1 and 4 kHz,
characterize the avalanche-like increase in the products
of water thermolysis with a simultaneous increase in its
pH to 8.25. Brand strength of cement stone is 1.14 times
higher than the strength of the control composition.

The increase in pressure and temperature in the cement-
water suspension contributes to the intensification of the
process of dispersion of cement particles in the frequency
range 700-800 Hz and the passage of intensive mass-
exchange processes in the frequency range 1.9-3.5 kHz,
which promote the formation of primary crystallization
structures. The beginning of amorphization of clinker mi-
nerals is fixed at a frequency of the order of 17 kHz for
5 and 10 min of cavitation treatment. It is impossible to
judge the development of this process due to the limited
frequency of the computer’s sound card.

2. Ttis found that the non-activated water-cement suspen-
sion refers to pseudoplastic fluids, i. e., reduces its viscosity
from 451.000 cP to 1279 c¢P when the spindle rotation speed
is increased from 0.1 to 75 min~!. The water-cement suspen-
sion activated for 10 minutes refers to the dilatant liquids,
i. e, increases its viscosity from 160 to 273.5 c¢P with an
increase in the spindle rotation speed from 50 to 200 min~".

3. It is shown that cavitation treatment of cement-
water suspensions promotes an increase in brand strength
of 1.14 times in comparison with an unactivated cement
system and remained at the strength level of astringents
obtained on activated water by mixing. It should be noted
that reducing the amount of Portland cement from 10 to
14 % makes it possible to obtain an artificial stone with
a compressive strength of 57.3+1.3 MPa.
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HCCNENOBAHKE PEO-MEXAHMYECKHX CBOHCTB LEMEHTHRIX
CYCMEH3Wi{, AKTHBHPOBAHHLIX B I'MAPOAHHAMHYECKOM
KABHTATOPE

IIpuBeieHbl pe3yIbTaTbl PEO-MEXaHUUECKUX CBONCTB IIEMEHTHBIX
CYCIICH3UIl, aKTUBUPOBAHHBIX B TH/IPOJIMHAMUYECKOM KaBUTATOPE.
OTMeYeHO, YTO € YBEJMYCHHEM BPEMCHU KaBUTAI[IOHHOII oOpa-
6otkn or 1 10 25 MuH npu ckopocTu motoka 10 66,5 m/c npu
qyucse kaputaiuun X=0,088, ormeuaercs poct nasienus g0 3 MIla
u temuepatypst 10 58 °C. Ciemyer OTMETHTD, YTO CHIKCHUE KO-
smdectBa nopraanaiementa or 10 go 14 % 1o3BoJsier moaydnThb
HCKYCCTBEHHBIIT KAMEHb € TIPOYHOCTBIO 1pu ckatru 57,3+ 1,3 MIla.

Kmouesste cnoBa: ru/pOMHAMUYCCKUN KABUTATOP, AMHAMUYE-
CKag BA3KOCTb, KaBUTallMOHHAast 06paboTKa, MPOYHOCTD MTPU CKATHH,
1IEMECHTHO-BO/IHAS CYCIICH3US.
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