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Abstract. The presented article provides experimental results related to determining the
influence of mechanic activation of mixed Portland cement and a superplasticizing admixture on the
physical and mechanical properties of cement stone under compression at the ages of 3, 7, and 28
days. Such cement was obtained by mixing Portland cement PC-1 500 with ground quartz sand, the
amount of which varied within the range of 30-60 % of the total binder mass. A promising method
for increasing the compressive strength of cement stone is intensive mechanic and chemical activation
of mixed cement in a high-speed turbulent-type activator in the presence of a superplasticizer SP-5,
the content of which varied from 0 to 1 % of the binder mass.

The research was carried out using D-optimal mathematical experimental design, with variation
of the following factors: consumption of ground quartz sand (45 + 15) % of the mixed binder mass
and the amount of superplasticizing admixture (% of the mixed binder mass). The cement-water
mixture was prepared using two technologies: the first with a high-speed activator (rotor speed 1500
rpm) and the second by traditional (control) mixing. The obtained mathematical models indicate a
significant influence on the compressive strength of the cement stone by both the formulation factors
(X1, X2) and the technological parameters of the mixing process. It should be noted that the combined
effect of mechanic and chemical activation, the amount of ground sand, and the superplasticizer
makes it possible to increase the compressive strength of the cement stone (compared to the control)
by 22...41 %, which allows a substantial increase in the proportion of ground quartz sand in the
mixed binder composition as a mineral additive to cement.

Keywords: mechanic activation, Portland cement, superplasticizer, mineral additive,
compressive strength, variable factors.

Introduction. It is known that one of the key problems in the technology of production of mixed
cements is the formation of optimal combinations of Portland cement with mineral additives, which
allows to increase the potential properties of the binder. Quartz sands have become widespread as a
mineral additive to cements, the presence of which in their composition ensures not only a reduction in
the cost of the mixed binder, but also provides a number of positive properties to the cement stone
(reduction of shrinkage, reduction of the magnitude of exothermic heating, etc.). The article considers
the influence of mechanical and chemical activation of Portland cement, the amount of ground quartz
sand and superplasticizer on the compressive strength of the cement stone. In our opinion, the combined
use of ground quartz sand, superplasticizer, mechanical and chemical activation of the mixed binder
contributes to obtaining cement stone with increased compressive strength.

Analysis of recent research and publications. One of the most common ways to reduce the
cost of Portland cement is to introduce finely ground inert mineral additives, in particular, ground
sand [1-5]. Technologically, such cement can be obtained both by joint grinding of Portland cement
clinker, dihydrate gypsum and mineral additive, and by thorough mixing of Portland cement with
ground mineral additive [6-9].
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In works [10-15] it is convincingly shown that the effect of adding mineral additives to Portland
cement is significantly enhanced in conditions of turbulent flows, which are achieved in the process
of mechanical and chemical activation of mixed cement. In our opinion, the use of high-speed mixers
for cement activation in combination with ground quartz sand and a superplasticizer will accelerate
the cement hydration processes, which will allow to abandon both thermal and wet processing and
the use of scarce rapid-setting cements.

Purpose and objectives. The above has determined the purpose of the study, which is to study
the effect of mechanochemical activation of Portland cement with the addition of ground quartz sand
(30-60 %) and superplasticizer SP-5 (0...1 %) on the compressive strength of cement stone after 3, 7
and 28 days.

Portland cement activation was carried out by intensively influencing the water-cement and
cement-sand mixture (Ssand = 350 m?/kg) in a high-speed turbulent mixer for 2 minutes. The use of a
high-speed mixer contributes to the physicochemical activation of the surface layer of both fine grains
of Portland cement and grains of ground quartz sand. The presence of activation ensures the
intensification of cement hydration processes, which is reflected in the increase in the strength of the
cement stone, especially in the early stages of hardening. The turbulent mixer is characterized by a
high speed of rotation of the working body, which is 1500 rpm.

Materials and research methods. Experimental studies were conducted using Portland cement
brand PC-1 500 of PJSC "Volyn Cement" as a binder. According to its properties, Portland cement meets
the requirements of DSTU B.V.2.7-46:201 "Cements for general construction purposes. Technical
conditions”. Cement-sand binder was obtained by thoroughly mixing Portland cement and ground quartz
sand, the consumption of which ranged from 30 to 60 % of the mass of the mixed binder. The specific
surface area of ground quartz sand was taken to be 350m?/kg. Plasticization of the mixture was carried
out using superplasticizer SP-5, the consumption of which, as noted earlier in the text, ranges from 0 to
1 % of the mass of the mixed binder.

Research results. To determine the combined effect of mechanical activation, as well as the
addition of ground quartz sand to cement and the consumption of superplasticizer SP-5 on the strength
of cement stone at the age of 3, 7 and 28 days, a 2-factor experiment was conducted. The following
were taken as independent variables: X1 — consumption of ground quartz sand (45+15) % of the mass
of the mixed binder; X2 — amount of superplasticizing additive SP-5 (0.5+0.5) % of the mass of the
mixed binder. The experimental conditions provided for obtaining for all rows of the mathematical
plan mixtures with a spread diameter of 120 mm on the Suttord device (control), Table 1.

Table 1 — Experimental plan and component costs

Consumption of cement dough
Levels of components per batch, g Spread of cement
Ne | variation portland | G ] Mixi WIS paste, mm
ortlan roun SP-5, Xing Mechanical
X0 %5 cement, g | sand, g g water, g Control activation
1| -1 -1 1400 600 0 757 0.38 122 139
2 | -1 0 1400 600 10 672 0.34 120 145
3| -1 1 1400 600 20 623 0.31 120 156
4 0 -1 1100 900 0 736 0.37 119 137
5 0 0 1100 900 10 640 0.32 120 141
6 0 1 1100 900 20 582 0.29 118 151
7 1 -1 800 1200 0 720 0.36 120 136
8 1 0 800 1200 10 617 0.31 121 140
9 1 1 800 1200 20 579 0.30 122 148
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Analysis of the experimental data given in Table 1, indicates that mechanical and chemical
activation for 2 minutes of cement-containing compositions with the addition of ground quartz sand
(45+15% of the mass of the mixed binder) contributes to an increase in the diameter of the spread of
the mixture (compared to the control) by an average of 14...21 %.

The results of the compressive strength of cement stone at 3, 7, and 28 days of age for both the
mechanically activated mixed binder and the binder that was not subjected to mechanical activation
(control) are given in Table 2.

Table 2 — Experimental design and compressive strength of cement stone at 3, 7 and 28 days of age

Levels of Reviews
Ne variation RS;, MPa R™ MPa

X1 X2 3 days 7 days 28 days 3 days 7 days 28 days
1 -1 -1 20.1 32.3 44.5 26.4 43.2 61.1
2 -1 0 24.2 36.6 51.2 335 48.2 68.2
3 -1 1 26 40.3 S57.4 36.2 54.3 75.5
4 0 -1 15.8 234 33.9 20.3 32.7 45.6
5 0 0 18.5 28.5 40.1 24.6 36.9 51.2
6 0 1 21 321 46.1 29.7 42.4 60.4
7 1 -1 12.7 211 28.8 16.4 28.4 40.2
8 1 0 15.3 23.6 33.3 211 32.3 45.1
9 1 1 171 27.0 38.1 23.9 36.1 51.4

Note: RS, — strength of cement stone on mixed binder, which was not subject to mechanical activation,
MPa R7%, — strength of cement stone on mechanically activated mixed binder, MPa.

As a result of statistical processing of experimental data, mathematical models (1...6) were
obtained, which with high probability (>0,95) reflect the influence of the studied factors on the
compressive strength of cement stone both on ordinary (non-mechanically activated) mixed binder
(2-3) and on mechanically activated mixed binder (4-6):

RS2 (MPA) = 18.8 — 4.2 X1+ 0.8 X1?
+2.6 X2— 0.6 X22 1)

RS7 (MPA) = 28.3 - 6.3 X1 + 2.2 X12 - 0.5 X1X2
+3.8 X2 0.2 X2? (2)

RT28 (MPA) =51.8 — 11.4 X1 + 4.5 X12— 0.9 X1X2
+ 6.7 X2+ 0.9 X2? 3

R™3 (MPA) = 25.7 — 5.8 X1 + 1.4 X122 — 0.6 X1 X2
+4.5 X2—0.9 X2? 4
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R™7 (MPA) = 37.1 - 8.2 X1 + 3.1 X12— 0.9 X1Xz
+4.8 X2+ 0.4 X22 (%)

R&28 (MPA) = 40.0 — 8.8 X1 + 2.2 X1? — 0.9 X1 X2
+6.1 X2 - 0.6 X22 (6)

ne: RS2, RS/, RS28— compressive strength of cement stone on a mixed binder that was not
subject to mechanical activation, MPa;

RM3 RM7 RM-28_ compressive strength of cement stone on mechanically activated mixed
binder, MPa.

Analyzing mathematical models (1...6), it should be noted that the content of ground sand in
the mixed binder has a significant impact on the strength of cement stone both on mechanically
activated mixed binder and on mixed binder that was not subjected to mechanical activation. An
increase in the amount of ground sand in the mixed binder from 30 to 60 % (mechanical activation is
absent) contributes to a decrease in the strength of cement stone from 44.5 MPa to 28.8 MPa, i.e. by
almost 35 % (superplasticizer is absent). For cement stone on mechanically activated binder, an
increase in the amount of ground sand from 30 to 60 % also causes a decrease in the strength of
cement stone, but from 61.1 to 40.2 MPa. It should be determined that in this case, mechanical activation
contributes to an increase in the strength of cement stone from 28.8 MPa (control) to 40.2 MPa, i.e. more
than 28%. The combined use of mechanical activation and 1% superplasticizer ensures the obtaining
of a compressive strength of cement stone at 28 days of age of 75.5 MPa (with 60 % ground sand in
the mixed binder), i.e. almost 24 % higher compared to the control.

Considering the influence of variable factors on the compressive strength of cement stone, it
should be noted that mechanical activation of mixed cement in combination with the use of
superplasticizer SP-5 allows changing the compressive strength of cement stone in a wide range at 3,
7 and 28 days of age.

A graphical representation of the influence of factors X1 and Xz on the strength of cement stone
at 28 days of age is shown in Fig. 1.

Table 3 and Table 4 show the values of the factors X1 and Xz, which provide the greatest
strength of the stone in the studied stone (28 days).

Analysis of the influence of the formulation factors X1 and Xz on the strength of the stone on the
binder, which was subjected to mechanical activation and non-mechanically activated binder (control)
shows that by changing the influencing factors (mechanochemical activation, consumption of ground
quartz sand and concentration of superplasticizer) it is possible to regulate the compressive strength of
the cement stone at 28 days of age in the range from 25.8 (control) to 74.5 MPa.

The experimental results obtained indicate that:

a) mechanical and chemical activation of the agqueous cement-containing composition with the
addition of ground quartz sand (45+15 %) provides an increase in the diameter of the spread of the
mixture by an average of 14...21 % (compared to the control);

b) activation of mixed Portland cement in the presence of superplasticizer SP-5 (1 %) provides an
increase in the strength of cement stone in the studied period of time (3, 7 and 28 days) on average by
2.5....2.9 times (compared to the control).
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Fig. 1. Strength of cement stone at 28 days of age in the zone of maximum and minimum depending
on the factors X1 and Xz:
a— control-mixed binder that was not subject to mechanical activation; 6 — mixed mechanically
activated binder. — zone of maximum strength; — minimum strength zone

Table 3 — Values of recipe factors X1, which are responsible for the maximum and minimum
strength (MPa) of cement stone

Mechanical activation of the binder is absent (control) at the age of 3, 7 and 28 days
of hardening
3 days 7 days 28 days
el B [ Txl R [xxn| ®
min +1 -1 12.6 +1 -1 20.7 +1 -1 25.8
max -1 +1 26.2 -1 +1 40.9 -1 +1 55.6
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Table 4 — Values of recipe factors Xz, which are responsible for the maximum and minimum
strength (MPa) of cement stone

Mechanically activated binder at 3, 7 and 28 days of hardening
3 days 7 days 28 days
x | x R%s X | x, REs x | x, RES
min +1 -1 16.5 +1 -1 28.5 +1 -1 39.9
max -1 +1 37.1 -1 +1 54.5 -1 +1 74.5

Conclusions. The combined effect of activation of Portland cement and the addition of quartz
sand with a specific surface area of 350 m?/kg in an amount of 30 to 60 % of the mass of the mixed
binder and the addition of superplasticizer SP-5 is an effective recipe-technological effect that
provides a significant increase in the compressive strength of cement stone both at an early age (3 days)
and at a more mature age (28 days). The combined use of mechanical activation and superplasticizer
SP-5 significantly eliminates the loss of strength of cement stone due to the use of ground sand
additives to cement in an amount of 30 to 60 %.
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AHoTaunif. B po3risiHyTii CTaTTi IPUBOAATHCS €KCIIEPUMEHTANIbHI PE3YJIbTATH, SIKI OB’ sI3aH1
3 BU3HAYEHHSIM BIUIMBY MEXAaHOAKTHBALii 3MIIIAHOTO MOPTIAHILEMEHTY Ta CynepriacTuikyoqol
nobaBku SP -5 Ha (i3uMKo-MeXaHI4YHI XapeKTUPUCTHKH EMEHTHOTO KaMEHIO Ha CTHCK Y BiIli 3-X,
7-u ta 28-u ni6. Takuii neMeHT oTpuMyBayv 3MilnyBaHHsM noptiaanauementy [11[-1 500 3 menennm
KBapLoBUM MickoM (S =350 u* / k2) , KiJBKICTh SKOTO KojmBanacs B Aianaszoni Bim 30 mo 60 %

B'soKy4oro. IlepcnekTUBHMM cIocoOOM MiJIBUIIEHHS MIITHOCTI IIEMEHTHOI'O KaMEHIO Ha CTHUCK €
IHTEHCHBHA MEXaHOXIMIYHA aKTHBAIlil 3MIIIAHOTO IIEMEHTY Y IIBHAKICHOMY aKTHBATOPI
TypOYJIEHTHOTO THITY 32 IPUCYTHOCTI cynepruiactTudikaTopa SP-5, BMicT IKOro 3MiHIOBAaBCS B MEXKaxX
B 0 1o 1 % macu B’shKy4oi pe4OBHHHU.

JlocmiKeHHS 3A1MCHIOBAJIH 13 3aCTOCYBaHHSAM D-0NTHMabHOTO MaTEMaTHYHOTO TUTAHYBaHHS
EKCIEpUMEHTY 3 BapilOBaHHAM HACTyMHHX (haKTOpiB: X, — BUTpaTa MEJIEHOro KBapIOBOTO IICKY

(45£15) % Big Macu KOMOIHOBAHOTO B’SDKYy4Oro marepiany; X, —KUIBKICTh CynepIuiacTudikyroudoi
nobaBku SP -5 — (0,5 iO,S) % Macu 3MIImaHoro B’spKydoro. [IpuroTyBaHHS 1IEMEHTHO-BOIHOL

CyMIIlli TTIPOBOAMIIOCS 3a JBOMa TEXHOJIOTISIMH ,a caMe: MEepIIoi — 3 BUKOPUCTAHHSIM IIBUIKICHOTO
aKTHBATOPY 3 KUIBKICTIO 00epTiB poTopy 1500 06/xB 1 apyroi , TpaaumiiHoi (KOHTpoJb). OTpruMaHi
MaTeMaTHYHI MOJeNl BKa3ylOTh Ha CYTTEBUH BIUIMB HA MIIHICTh IIEMEHTHOTO KaMEHIO SIK
peuentypHux (akropis (X1, X2), Tak i TEXHOJIOTIYHUX apaMETPiB MPOLIECY NPUTOTYBAHHS CYMIIIIi.
30Kkpema Il BiI3HAYNTH, 1110 CYMICHHIA BIJTUB MEXaHOXIMIYHOT aKTHBAIlli, BATPATH MEJICHOTO ITiCKY
Ta cynepriacudikaTopy MO3BOJISE MIABUIIUTH MIIHICTh IIEMEHTHOTO KaMEHIO B (B TOPIBHSHHI 3
KOHTpoJieM) Ha 22...41 %), 1110 Ja€ 3MOTy CYTTEBO 30UIBIIMTH YaCTKy MEJICHOTO KBapI[OBOTO MiCKY
y CKJIa/li 3MIIIIAHOTO B’SXKYYOTO SIK MiHEpaJIbHOI JOOABKH /10 LIEMEHTY .

KiiouoBi cioBa: MexaHoakTHBAIlisl, MOPTIAHIIEMEHT, CymnepruiacTudikarop, MiHepalbHA
no0aBKa, MILIHICTh HA CTUCK, ()aKTOPH BapitOBaHHS.
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