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Y crarri npeacTaB/ieHO Pe3YJbTaTH EKCIEPMMEHTAJBHUX JOCJiIKeHb,
CIPSIMOBAHUX HA BCTAHOBJICHHSI 3aKOHOMiPHOCTeil BIJIMBY MeXaHOXiMIYHOIL
aKTHBALil NOPTIAHALEMEHTY 3 100aBKOI MEJICHOI0 BAalHAKY (Y KiJIBKOCTI /10
40 %) Ha TepMOMEXaHIYHi XaPAKTEPUCTHUKH LEMEHTHOI0 KAMEHIO HA CTaJifAX
TBEPAHEHHS Ta IiCJIsl HOro 3aTBepIiHHA.

BcraHoBJ/IeHO, 0 AKTYaJbHHMM HANPSAMOM YAOCKOHAJIEHHS BJIACTHBOCTEN
3MIIIAHOTO B’SZKY40ro (NMOpPTJAHALEMEHT + MeJIeHuil BalHfAK) € #oro
aKTHBaLiAd B NPUCYTHOCTI cynepmiacTudikyw4doi 1od0asku tuny «PemnakcoJ-
Cynep IIK» y kiabkocti 70 1 % Binm macu B’siKydoro. BuxopucranHs
BHCOKOIIBHAKICHOr0 akTuBarTopa (n = 1800 00/xB) 3a0e3meuye inTeHCu}IiKaLi0
NpoueciB rigparamii neMeHTy, cTadIizanio HeoOXiTHOI Py XJIMBOCTI IEMEHTHO-
BANIHAKOBOI KOMIIO3MIII NpPH 3HWKEHI BUTpaTi BOAUM 3aMillyBaHHS
(MOpiBHAHO 3 HEMEXaHIYHO AKTHBOBAHOI CHCTEMOI0), a4 TAKOXK IiJIBHUIILYE
IHTEHCHBHICTbH €K30TEPMIiYHOI0 PO3irpiBy.

ExcnepumeHTAIBHI 1aHi JajM 3MOry KiJIbKiCHO OI[IHUTH BILUIMB TPUBAJIOCTI
MEXaHOXIiMiYHOI akTMBAWii Ta BMIicTy cynepmiacTudikaropa Ha BOJOBMICT
LHeMEHTHO-BAIIHAKOBOI  KOMIO3MUii. BusiBJIeHO JAOMiHyH4YHiI  BIUIUB
cynepiacTu(ikyr4oi 100aBKku Ta akruBauii cymimi mporsirom 180 cexyHa Ha
3MEHIIEHHS BOJI0-TBEPAOr0 BiIHOIIEHHS CHCTEMH, 10 3YMOBJIIO€ MOTINIICHHA
il pi3MKO-MexXaHIiYHUX BJIACTHBOCTEN.

BcraHoBJIeHO, 110 BBEACHHSI MEJIEHOT0 BAMHAKY 0 CKJIAJAy LEeMEeHTHO-BOAHOL
KOMIIO3UIiI CHpUYMHAE 30LIbIIEHHS BOJAO-TBEPAOr0 BiIHOIIEHHS TMPH
30epexxeHHi 3a1aHOl pyXJaHMBOCTi. 3o0kpeMma, 3amiHa 20 % mnopTiaHaueMeHTy
MeJICHMM BAIIHAKOM NPu3BoAuTh 10 3poctanHs B/T 3 0,38 no 0,41 (mpubau3Ho
Ha 8 %), a npu 30uIbIIeHHI BMicTy BamHsKy a0 40 % weidl mNoOKa3HUK
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niaBuInyeTbes 10 0,42 (mpudan3no Ha 11 %).

InenTudikoBaHo, MmO MeXaHOXIMIYHA AKTHBALIA E€MEHTHO-BANHAKOBOI
KOMIO3MIiI  3yMOBJIIOE  iHTeHcH(ikalil0  TeMJIOBUILIEHHS, 30KpeMa
MiIBUIEHHS] MBWIKOCTI Ta MAKCHMAJbHOI TeMIEPATypH €eK30TePpMIiYHOI0
po3irpiBy. [Ijisi KOMIO3UIliii HA OCHOBI HEAKTHMBOBAHOI0 MOPTJIAHJALEMEHTY
IHAyKIiiiHUi nepioa TpuBae 3—3,5 roaAMHM Bil MOMEHTY 3aMIilllyBaHHS, TOAI AK
JJIS MEXaHIYHO AKTMBOBAHOI0 LIEMEHTY Lieil mepioJ CKOPOUYY€EThCS 10 2 TOIMH.
BusHaveHo, 1m0 MeXaHOXIMiYHA aKTHBalisl LEMEHTHO-BANHIKOBHUX CHCTEM
CIIPUSIE€ 3POCTAHHIO MIITHOCTI IIEMEHTHOI0 KaAMEHI0 y TPU1000BoMYy Bili Ha 30—
35 %, a npu BUKOPHUCTAHHI cynepruiacTudikaropa miaBUIEHHS MIiIlHOCTI
carae 0au3bko 70 %. OTrpumani pe3yabTaTH MIATBEPIKYIOTh eQeKTUBHICTH
KOMOiHOBaHOI il MeXaHIYHOI aKTuUBamii Ta XiMiyHOi Moaudikamii y
(GopMyBaHHI  CTPYKTYpPH  IEMEHTHOI0 KaMeHK 3  NiABUIIEHUMH
eKCILIYyaTAlliHHUMM XapaKTePUCTHKAMMU.

The article presents the results of experimental studies aimed at establishing
the regularities of the influence of mechanochemical activation of Portland
cement with the addition of ground limestone (up to 40 %) on the thermo-
mechanical properties of cement stone during hardening and after setting.

It has been determined that an effective approach to improving the properties
of blended binders (Portland cement + ground limestone) is their activation in
the presence of a superplasticizing admixture of the “Relaxol-Super PC” type
in an amount of up to 1 % by weight of the binder. The use of a high-speed
activator (n = 1800 rpm) ensures the intensification of cement hydration
processes, stabilization of the required workability of the cement-limestone
mixture at a lower water demand (compared to non-activated compositions),
and enhances the exothermic heat release during hardening.

The experimental data made it possible to quantitatively assess the influence of
the mechanochemical activation duration and the amount of superplasticizer
on the water content of the cement-limestone system. A dominant effect of the
superplasticizer and activation for 180 seconds on the reduction of the water-
to-solid ratio was identified, resulting in improved physical and mechanical
properties of the composite.

It was established that the introduction of ground limestone into the cement—
water system leads to an increase in the water-to-solid ratio while maintaining
the required workability. In particular, replacing 20 % of Portland cement with
ground limestone increases the W/S ratio from 0,38 to 0,41 (approximately by
8 %), while a 40% limestone replacement raises this ratio to 0,42 (by about
11 %).

Mechanochemical activation of the cement-limestone composition was found to
intensify heat release processes, increasing both the rate of temperature rise
and the maximum temperature of the exothermic reaction. For non-activated
Portland cement compositions, the induction period of heat release lasts about
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3-3,5 hours from the moment of mixing, whereas for mechanochemically
activated cement it does not exceed 2 hours.

It was determined that mechanochemical activation of cement-limestone
systems increases the compressive strength of cement stone at the age of 3 days
by 30...35 %, and in the presence of a superplasticizer — by up to 70 %. The
obtained results confirm the efficiency of the combined effect of mechanical
activation and chemical modification in forming a cement stone structure with
enhanced performance characteristics.

KirouoBi cjioBa: MexaHOaKTHBAIllA, CyIepruiacTudikatop, MeEJICHUN BaIHSK,
€K30TepMisl, BOJAO-TBEP/IC BITHOIICHHSI.

mechanical activation, superplasticizer, ground limestone, exotherm, water-
hardness ratio.

Problem statement. The article considers issues related to the influence of
mechanochemical activation of Portland cement with the addition of ground
limestone on the thermo-mechanical characteristics of hardening cement stone. Such
cements are obtained both by joint grinding of cement with the addition of limestone
and by thorough mixing of Portland cement with ground limestone. It is known that
both mechanical activation and the presence of superplasticizing additives have an
enhancing effect on the rate of Portland cement hydration. Therefore, in our opinion,
issues related to the consideration of the joint influence of mechanochemical
activation of Portland cement, the addition of ground limestone and the
superplasticizing additive on the exotherm and strength of cement stone are relevant.

Analysis of recent research and publications. One of the effective ways to
reduce the cost of Portland cement is to introduce finely ground mineral additives
into its composition [1-4]. The use of limestone as a mineral additive to Portland
cements is gaining momentum, the number of which is continuously growing and,
at present, the volume of such cements exceeds the volume of Portland cements of
the PC I type. Along with the economic effect and economic efficiency, the use of
limestone ensures the production of cements with improved technological
properties[5]. The positive effect of introducing mineral additives into Portland
cement is significantly enhanced by mechanochemical activation of the binder in
turbulent flows[6-8]. The use of mechanochemical activation contributes to solving
a set of issues related to both improving the homogeneity of the freshly prepared
mixture and increasing the strength of the cement stone [9-12]. The use of high-
speed hydrodynamic mixing for cement activation in combination with optimal
amounts of mineral fillers and effective superplasticizer additives provides, along
with plasticization of the mixture, a sharp acceleration of cement hydration, which
allows for the elimination of both the use of rapid-setting cements and heat
treatment.
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Research objective. The purpose of the proposed work is to determine the
combined effect of mechanical activation, the concentration of ground limestone and
superplasticizing additive in the binder to water-hardness ratio (with a stable spread
of the cement-limestone composition on the Suttord device in the range of
120+5 mm), exothermic heating and compressive strength of cement stone at a
3-day age.

Research methods. The activation of the tested mixture was carried out in a
high-speed mixer for 90 and 180 seconds. For control, mixtures identical in mobility
that were not subject to mechanical activation were used. The determination of
exothermic heating was carried out by fixing the temperature of the tested
composition in a thermos, which is a glass flask with double walls, between which
a vacuum was created. The temperature of the hardening mixture was fixed every
hour until the next heating indicator did not change, or was lower than the previous
one. To determine the influence of varied factors (mechanical activation, the amount
of ground limestone and the consumption of superplasticizing additive) on the
compressive strength, beam samples measuring 4x4x16 cm were made from
cement-limestone compositions of a given mobility.

Research results. In experimental studies, Portland cement PC 1I/A-Sh-500 was
used as a binder, which meets the requirements of DSTU B V.2.7-46:2010 "Cements
for general construction purposes. Technical conditions". Ground limestone
(S=350 m*kg) was used as a mineral additive to cement in an amount of 20 and
40 % of the binder mass. To increase the mobility of the mixture, the superplasticizer
Relaxol-Super PC was used in an amount of 0,5 and 1 % of the binder mass.

The results are given in Table. 1 experimental data reflect the influence of
formulation and technological factors, namely the content of ground limestone in the
binder (20+£20 %), the concentration of the superplasticizing additive (0,5+0,5 %)
and mechanochemical activation for 180 seconds on the water-hardness ratio (W/T)
of the cement-containing composition with a spread of the mixture cone in the range
of 12045 mm. Analysis of experimental data indicates that the introduction of
ground limestone into Portland cement leads to an increase in the water-hardness
ratio of the cement-containing compositions. Thus, ensuring the necessary mobility
(d=120 mm of the spread of the cone) of the mixture (after its mechanochemical
activation for 180 seconds) using only Portland cement is achieved at a water-cement
(further water-hardness) ratio of 0,38. Replacing 20 % of Portland cement with
ground limestone leads to an increase in W/T from 0,38 to 0,41, i.e. by almost 8 %.
An increase in the content of ground limestone to 40 % causes an increase in the
water-hardness ratio to 0,42, i.e. by almost 11 % compared to the binder without the
addition of ground limestone. A similar effect of the content of ground limestone on
the increase in the water-hardness ratio is also observed for cement-containing
compositions activated for 180 seconds with the addition of a superplasticizer. An
increase in water content with an increase in the amount of ground limestone is also
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observed for non-mechanically activated cement-containing compositions. In this
case, an increase in the content of ground limestone in the binder causes an increase
in the water-hardness ratio from 0,42 (no ground limestone) to 0,45 (40 % ground
limestone).
Table 1
Influence of formulation and technological factors on the water-hardness
ratio of cement-containing compositions
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1 2 3 4 5 6 7 8 9 10
CONTROL MECHANOACTIVATION - 180 sec
1 100 0 0 0,42 10 100 0 0 0,38

2 100 0 0,5 0,36 11 100 0 0,5 0,32

3 100 0 1,0 0,34 12 100 0 1,0 0,31

4 80 20 0 0,44 13 80 20 0 0,41

5 80 20 0,5 0,39 14 80 20 0,5 0,35

6 80 20 1,0 0,35 15 80 20 1,0 0,33

7 60 40 0 0,45 16 60 40 0 0,42

8 60 40 0,5 0,39 17 60 40 0,5 0,36

9 60 40 1,0 0,36 18 60 40 1,0 0,33

As for the influence of mechanochemical activation on the mobility of the
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mixture, it should be noted that high-speed mixing of the cement-containing
composition for 180 seconds allows to obtain the required spread on the Suttord
device at reduced values of the water-hardness ratio. Thus, high-speed mixing of the
cement-containing composition (composition No. 10, Table 1) ensures the spread of
the mixture (120+£5 mm) at W/T = 0,38. A similar spread (120+5 mm) for the
cement-containing composition of the given composition, but which was not subject
to mechanical activation (Ncomposition-1, Table 1) is ensured at an increased (by
10,5 %) mixing water consumption.

Of the above factors of influence (content of ground limestone,
mechanochemical activation, amount of superplasticizer) the greatest influence on
the water content of the cement-limestone composition is exerted by the
superplasticizer Relaxol-Super PC. An increase in its amount from 0 to 1,0 % causes
a decrease in water content by an average of 23...27 %.

The influence of the listed factors on the kinetics of the hydration processes
is confirmed by data on exothermic heating of activated cement-water compositions
with the addition of ground limestone in the amount of 20 %, Table 2.

Table 2
Exothermic heating of cement-containing compositions

Exothermic heating, °C, in, hour

%,
°C

Binder activation time, sec
Initial temperature of the composition,

w |Ground limestone content in the binder,
., | Concentration of Relaxol-Super PC, %

n
)
(@)
\1
0
O

1011 |12 |13 | 14 | 15| 16

I |0 0| 025250 25,025,2{26,0{30,0(37,5/50,1|60,3|61,6{60,0|59,7

2 |1 0] 0 [180] 25 |25,0]26,930,0{40,2|51,8|62,0(68,167,8|67,4|66,3|64,9

3101 1] 0] 25125,0[25,8|27,0(31,2{37,0(42,1|54,0(71,2/76,9|76,1|74,0

4 | 0| 1 [180] 25 |25,1]|25,9|28,7|34,1({42,0(52,6/71,9|84,1|83,7|82,3|79,9
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5120 0 | 0 | 25 |25,0{25,0(25,2(25,2|29,0|32,5|37,4|42,5|48,8{52,5|50,4

6 {20 0 |180| 25 |25,0] 26,0 |28,6(36,1|42,0|49,8|55,1{59,0|58,6(58,0({57,4

7 1201 1 | 0 | 25125,0[25,126,0(29,5|34,5|40,4|46,2|50,6|59,0{65,2|64,8

8 [20] 1 |180] 25 |25,0{25,227,0|29,8|40,0/50,0{62,1{70,0|75,1|74,8|74,1

A graphical representation of the influence of mechanochemical activation on
the exothermic heating of cement-mixing compositions is shown in Fig. 1.
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Fig. 1 The effect of mechanochemical activation on the exothermic heating of the
cement-containing aqueous composition:

97



a) — cement-water composition without the addition of ground limestone;

b) — cement-water composition with the addition of 20 % ground limestone;

K — control (no mechanical activation, Relaxol-Super PC = 0 %);

A — mechanically activated cement-containing composition, Relaxol-Super PC
=0 %);

K’ — control (no mechanical activation, Relaxol-Super PC =1 %);

A’ — mechanically activated cement-containing composition, Relaxol-Super PC
=1 %);

The experimental data obtained indicate the presence of an induction period of
exothermic heating of the cement-water composition both on Portland cement that
was not subject to mechanical activation (this period was approximately 3...3,5
hours from the moment of mixing the binder with water) and on Portland cement
that was subject to mechanical activation. In this case, the induction period was no
more than 2 hours. After the induction period, a relatively sharp increase in the
temperature of the hardening cement-water composition is observed, reaching a
maximum heating of 82,5 °C 8 hours after mixing the cement with water. The
introduction of 20 % ground limestone into Portland cement affects both the reduced
intensity and the reduction of the maximum heating temperature of the composition
(75 °C).

The final stage of the study was to determine the influence of mechanochemical
activation of the binder, the consumption of ground limestone in it and the
concentration of superplasticizer on the compressive strength of cement stone beam
specimens. The compositions of the cement-containing compositions and the
technology of their manufacture were taken according to those given in Table 1.
Analysis of the experimental data given in Table 3 indicates that mechanical
activation is a powerful technological influence on the strength characteristics of
cement stone.

The positive effect of mechanical activation is observed for all studied
compositions of cement-containing aqueous compositions. The role of mechanical
activation is especially significant for compositions with a superplasticizing
additive. Thus, the introduction of 1% Relaxol - Super PC into the composition of
cement-containing compositions contributes to an increase in the strength of cement
stone at a 3-day age from 32.1 to 43.0 MPa, i.e. by almost 35%. The combined effect
of mechanical activation and a superplasticizing additive ensures an increase in the
strength of cement stone from 25.5 MPa (control) to 43.0 MPa, i.e. by almost 70%.

This technological method allows introducing 20% of ground limestone into
the composition of Portland cement, while ensuring the same compressive strength
of cement stone at a 3-day age as in the case of using non-mechanically activated
Portland cement, but without the addition of ground limestone. It should be noted
that a similar positive effect of mechanochemical activation is also observed for
cement stone on a mixed binder with an addition of 40% ground limestone to
Portland cement.
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Table 3

Influence of recipe and technological factors on the strength of cement
stone (MPa)

Composition of the binder mixture
Mixture
No activation, Portland cement Portland cement | Portland cement
sec 100 % - 80 %, ground - 60 %, ground
limestone — 20 % | limestone —40 %
Superplasticizer content — 0 %
1 0 25,5 14,9 11,4
2 90 32,6 17,7 12,8
3 180 34,6 19,4 14,2
Superplasticizer content — 0,5 %
4 0 28,7 16,3 12,7
5 90 38,7 22,1 15,8
6 180 40,1 23,9 18,3
Superplasticizer content — 1 %
7 0 32,1 18,5 13,1
8 90 40,1 22,9 16,7
9 180 43,0 253 18,9
Conclusions:

1. Mechanochemical activation of aqueous cement-containing compositions with
the addition of ground limestone causes an increase in both the intensity of exotherm
and an increase in the value of its maximum heating.

2. The use of the superplasticizer Relaxol-Super PC in combination with
mechanochemical activation provides a decrease in the water content of the cement-
limestone composition by an average of 23...27%, which is positively reflected in
the increase in the strength of the cement stone.
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