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Abstract. The results of the study of additives dosage effect of MC-Bauchemie
superplasticizers on the physicomechanical characteristics of cement samples are presented. Due to
surfactants, which are additives superplasticizers, the tension at the cement-water interface is
reduced, which reduces the internal stress. In practice, it was found that the addition of surfactants
significantly changes the basic physical and mechanical characteristics of cement samples. Also,
during the study, it was found that with improper selection of the composition, a decrease in the
strength characteristics of cement samples is noticeable.
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Introduction. Nowadays, construction chemistry is an integral part of the process of concrete
and concrete products manufacturing. The main issue for ready-mixed concrete manufacturers is the
right choice of additive. Nowadays, various chemical additives and active mineral components that
accelerate or slow down the setting of the concrete mixture, make it more plastic and workable,
accelerate the hardening of concrete, increase its strength and frost resistance, regulate the
concrete's own deformations that arise when it hardens, and also, if necessary change other
properties of concrete [1]. The effectiveness of modern additives has led to an increase in the degree
of their functionality, which should be understood in a broad technological sense not only in
connection with the purpose, but also as properties, phenomena that depend on the properties of
other components, primarily cements, and the phenomena accompanying hardening [2].

Currently, manufacturers of superplasticizer additives do not indicate the exact dosage of their
additives, instead they indicate the recommended range of application of their additives, which in
turn can be quite large, and it is necessary to determine the required dosage in each case separately.
In the used additives, the range of their application varied from 0.2% to 5% by weight of cement.

The analysis of literature data showed that a significant overspending of the surface-active
substances (surfactants) amount can contribute to a decrease in the physico-mechanical properties
of cement compositions. To compare the surface tension forces (STF) of various liquids, the
concept of STF is used [3]. For surfactants, one of the methods for determining STF is the du Nui
method (ring separation) [4]. Consider the essence of surface phenomena in highly dispersed
cement systems under the influence of surfactant additives. In chemistry, a phase is a set of parts of
a system with the same composition and properties that are separated from other parts of the system
by an interface. In this case, the cement composite can be considered as a system consisting of two
components: cement and water.

The principle of action of the plasticizer — electrostatic, dispersion — is based on a strong shift
in the potential of the cement particles in the negative region. The dispersion of cement particles
occurs at the very beginning of hydration, while there is a chemisorption of plasticizer molecules on
the surface of the cement particles, especially with an increased content of phases C3A and CS in
the cement composition. With an increase in hydration products, a sharp decrease in the mobility of
the system is observed [5].

Purpose and objectives of the work: to determine the effect of MC-Bauchemie additives on the
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properties of mixing water and the properties of cement compositions. The following tasks were set:

1. Determine the effect of the additives dosage MC-Power Flow 3100 and MC-PowerFlow
2695 on the surface tension of mixing water.

2. To determine the effect of the additives dosage MC-PowerFlow 3100 and MC-PowerFlow
2695 on the chang eat the setting time and the normal density coefficient (NDC) of cement
compositions.

3. Determination of the effect of the type and dosage of MC-PowerFlow 3100 and
MC-PowerFlow 2695 on the physico-mechanical characteristics and properties of cement compositions.

The methodology of the experiment. Plate separation method (du Nui method). It is based
on the determination of the force necessary to tear off a liquid wetting a ring of radius R from the
surface of the liquid. For this, it is necessary to apply a force equal to the surface tension force o
acting along the perimeter of the ring (1):

P=4nR o. Q)

The force required to tear off the plate is determined using torsion weights. It is equal to the
value ¢ of the torsion balance.

Experiment planning. The experiment was carried out within the dosage recommended by
the manufacturer in increments of 0.1%. The concentration at which the surface tension was
minimal was chosen optimal. The following dosages were established for the experiments: for the
additive MC-PowerFlow 3100 — 0%, 0.2%, 1.9% and 5% of the additive by weight of cement, and
for MC-PowerFlow 2695 — 0%, 0.2%, 2.5% and 5% additives by weight of cement.

An experiment was conducted on the influence of the type and amount of surfactants on the
STF of mixing water. The experiment analyzed additives plasticizers manufactured by MC
Bauchemie: MC-PowerFlow 3100 and MC-PowerFlow 2695, cement IILI Il/A-I11-500. Odessa
cement plant. The experiments were carried out on tap water.

The main material and results. The experiments performed by the “ring detachment” method
established the optimal consumption of surfactant additives, which minimizes the surface tension of
water. It was found that the optimal content of the additive MC-PowerFlow 3100 is 1.9% by weight of
cement, and for the additive MC-PowerFlow 2695 — 2.5% by weight of cement. With an increase in
dosage above the optimum, an increase in the surface tension of water is observed. Studies have shown
that MC-PowerFlow 3100 at a dosage of 1.9% shows a minimum surface tension of mixing water,
which is 33.1% less; for MC-PowerFlow 2695, this dosage is 2.5%, which reduces the surface tension
of water mixing by 32.6%, compared with the control sample (without additives). Based on the obtained
research results, the optimal flow rate for the MC-PowerFlow 3100 additive was determined in the
amount of 1.9% by weight of cement, and 2.5% for the MC-PowerFlow 2695 additive (Fig. 1, 2).

An analysis of the study results revealed (Table 1-3) that when using the optimal consumption
of MC-PowerFlow 3100 additive in 1.9% and MC-PowerFlow 2695 additive in 2.5% by weight of
cement, a reduction in NDC for MC-PowerFlow 3100 additive was experimentally established by
31.7%, and by 21.7% for the additive MC-PowerFlow 2695 (Fig. 3, 4).

Table 1 — Surface tension of the MC-PowerFlow 3100 additive

Additive,% 0 01020304 ,05|06 |07 |08/ 09 1
Breakout force, mg (235,0(176,6 |173,4|172,1|167,7|167,1|166,7|165,1|162,9|161,6|160,5
Additive,% 1112 |13 |14 | 15|16 | 1,7 | 18 | 19 2 2,1
Breakout force, mg | 159,6 | 159,7 | 160,8 | 159,7 | 161,0 | 159,9 | 159,1 | 158,3 | 157,3 | 159,5 | 158,9
Additive,% 22 | 23 | 24 | 25| 26 | 27 | 28 | 29 3 3,1 | 3.2
Breakout force, mg | 157,7 | 158,5 | 157,7 | 157,4 | 158,7 | 158,3 | 159,6 | 157,8 | 159,1 | 160,2 | 158,9
Additive,% 33 | 34|35 |36 | 37| 38| 39 4 41 | 42 | 43
Breakout force, mg | 157,6 | 158,4 | 157,4 | 159,0| 160,5 | 159,5 | 159,3 | 158,4 | 157,3 | 158,7 | 158,0
Additive,% 44 | 45 | 46 | 47 | 48 | 49 S)
Breakout force, mg | 157,4159,8|158,9|161,9|163,4 | 164,1|165,3
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Fig. 1. The effect of the amount of MC-Bauchemie 3100 additive on the surface tension of water
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Table 2 — Surface tension of the MC-PowerFlow 2695 additive
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Additive, % 0 0102|0304 ]|05)|06)| 07|08/ 09] 10
Breakout force, mg(235,0|190,4 | 187,9|182,1|178,6(173,8|172,9|168,4 | 169,5| 168,7 | 169,2
Additive, % 11 1,2 1,3 14 15 1,6 1,7 1,8 19 20 | 21
Breakout force, mg(168,1|168,6 | 168,0 | 167,8 | 165,4 | 167.2 | 164,7 | 166,5 | 164,1 | 163,4 | 160,7
Additive, % 22 | 23 |24 |25 |26 |27 |28 29| 30|31 32
Breakout force, mg(161,5| 160,3 | 159,8 | 158,4 | 159,6 | 158,7 | 158,5| 159,0 | 158,8 | 158,4 | 158,9
Additive, % 33|34 | 35|36 |37 |38)| 39|40 | 41 | 42 | 43
Breakout force, mg|159,7| 160,0 | 159,2 | 159,5 | 158,9 | 158,5 | 159,6 | 161,3 | 159,7 | 159,6 | 158,4
Additive, % 44 | 45 | 46 | 47 | 48 | 49 | 50
Breakout force, mg|158,8| 158,4 | 159,8 | 160,0 | 161,8 | 163,0 | 165,4
240 \
Ef 220 \
S 200
£
E 180 R\N
T 160 —~ — —
&
].40IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5
Additive,%

Fig. 2. The effect of the amount of MC-Bauchemie 2695 additive on the surface tension of water

Table 3 — MC-PowerFlow 2695 and MC-PowerFlow 3100 Additives

L The amount The amount The amount Water
Denomination .. cement
of additive,% | of water, ml of cement, ¢ ratio
Cement-free - 120 400 0,3
MC-PowerFlow 2695 0,2 112 400 0,28
MC-PowerFlow 2695 2,5 94 400 0,235
MC-PowerFlow 2695 5 84 400 0,21
MC-PowerFlow 3100 0,2 108 400 0,27
MC-PowerFlow 3100 1,9 82 400 0,205
MC-PowerFlow 3100 5 76 400 0,19
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Fig. 3. The effect of the additive Fig. 4. The effect of the additive
MC-Bauchemie 3100 on the NDC cement MC-Bauchemie 2695 on the NDC cement
composition composition

Having analyzed the influence of MC-Bauchemie additives (Table 4), on the periods of structure
formation (setting time), it is clear that when the dosage of MS Bauchemie 3100 is 1,9% by weight of
cement, and when the dosage of MS Bauchemie 2695 is 2,5 % of the weight of cement, a further
increase in the additive dosage practically does not change the setting time (Fig. 5, 6).

Table 4 — The results of the setting time of the cement composite

I . Setting time, min
0
Denomination Additive,% Start End
Cement-free - 220 305
MC-PowerFlow 2695 0,2 210 360
MC-PowerFlow 2695 2,5 190 470
MC-PowerFlow 2695 5 160 640
MC-PowerFlow 3100 0,2 205 350
MC-PowerFlow 3100 1,9 170 570
MC-PowerFlow 3100 5 130 560
End of setting End of setting
%00 - B Siart of setting 1000 - ® Start of setting
00 1 200
f’m | 80O 1
’ 5 00 1 640
-E 500 1 570 = 8 500 1 570
4001 305 350 g:'rnﬂ | 260
& 300 1 D400 {305
= 300 {
200 1 0 |
we > 1001 .. -
0 4+ i i i l'f.' 0 T T T |'..
- 02 19 5 . 02 25 5
The amount of additive, %0 The amount of additive, %o
Fig. 5. Effect of dosage of plasticizing agent Fig. 6. Effect of dosage of plasticizing agent
MC-Bauchemie 3100 on the properties MC-Bauchemie 2695 on the properties
of a hardening composite of a hardening composite
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The obtained samples of cement stone were tested on days 3, 7, 14 and 28 (Table 5, 6). An
increase in bending strength for MC-PowerFlow 3100 additive by 41.1%, increase in compressive
strength by 45.5%, for MC-PowerFlow 2695 additive, an increase in bending strength by 21.2%,
and increase in compressive strength by 26.9%, compared with the control sample (without
additives) on day 28 (Fig. 7. 8).

Table 5 — MC-PowerFlow 3100 Additive Effect Results

Additive Dosage, (%/C) | Day | Bending Strength, kgf/cm? The ";Egn(;ﬁ?mfss've
3 37,0 53,8
0.2 7 45,6 70,0
o 14 52,9 77,2
= 28 61,2 81,2
= 3 53,4 27,8
m Lo 7 65,4 35,4
g ' 14 68,4 41,6
c 28 72,5 49,9
O 3 54,6 80,0
= 5 7 67,9 98,6
14 76,1 102,0
28 85,1 106,8
3 45,7 63,0
7 56,5 70,6
Cement-free 0 " 66.5 818
28 74,7 84,6

Table 6 — The effects of MC-PowerFlow 2695

Additive Dosage, (%/C) | Day | Bending Strength, kgf/cm? The Ilsrl:gn%iﬁ’olr\nﬂp;;esswe
3 37,0 53,8
0.2 7 45,6 70,0
o 14 52,9 77,2
g 28 61,2 81,2
> 3 53,4 27,8
@ - 7 65,4 35,4
2 ! 14 68,4 41,6
S 28 72,5 49,9
O 3 54,6 80,0
= . 7 67.9 98,6
14 76,1 102,0
28 85,1 106,8
3 45,7 63,0
7 56,5 70,6
Cement-free 0 12 66.5 818
28 74,7 84,6
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Fig. 7. The effect of the additive MC-Bauchemie 3100 on the change in tensile strength in bending
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Fig. 8. The effect of the additive MC-Bauchemie 2695 on the change in tensile strength in bending

100,0 -

80,0

fo.. MPa

60,0
40,0 -

20,0

120,0 1 106,
0,0 ’ .
3 7 14

318 81.2 84,6
3
o mo,2%
oLy ms%
28
Days

Fig. 9. The effect of the additive MC-Bauchemie 3100 on the change in compressive strength
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Fig. 10. The effect of the additive MC-Bauchemie 2695 on the change in compressive strength
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When applying the maximum consumption of the MC-PowerFlow 3100 additive (up to 5%
according to the manufacturer), which is higher than the optimum (1.9% by weight of cement), it
was found that the NDC practically does not change, and the flexural strength deteriorates by
13.9%, also compressive strength is reduced by 26.9%, compared with the optimal additive dosage
on the 28th day. When applying the maximum consumption of the MC-PowerFlow 2695 additive
(according to the manufacturer's data, up to 5%), which is higher than the optimum (2.5% by weight
of cement), it was found that the NDC practically does not change, and the flexural strength
deteriorates by 5.3%, also the compressive strength decreases by 10.4%, compared with the optimal
dosage of the additive on the 28th day.

Conclusions. Thus, experiments performed in the indicated range of the content of
superplasticizer additives in the manufacture of prototypes confirmed that the most effective use of
superplasticizers MC-PowerFlow 3100 and MC Bauchemie 2695 is in experimentally established
dosages for reducing the surface tension of mixing water.
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3MIHA ®I3UKO-MEXAHIYHUX XAPAKTEPUCTUK BETOHY
3AJIEJKHO BIJI JO3YBAHHSI IOBABOK TIAP
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Ooecwvra Oeporcasna akaoemis OYOiGHUYMEA i apXimexmypu

AHoTanis. Y naHiit poOOTi MpeAcTaBieH] pe3ybTaTi TOCIIIKEHHs BIUIMBY JI03yBaHHS JJ0OABOK
[TAP nHa Bomy 3aminryBaHHS 1 (PI3UKO-MEXaHIYHI BJIACTUBOCTI IIEMEHTHHX KOMITO3MIIM, HAa TPUKIAIL
cynepriactugikaropi ¢pipmu MC-Bauchemie. OcnoBuuii kputepiii omintoBanust [TIAP € xoedimieHT
MIOBEPXHEBOI'0 HATATY, SIKMI OyB BU3HAYEHWH A1 BUnpoboByBaHux ao0aBok MC-PowerFlow 2695 i
MC-PowerFlow 3100. B xozi ekcriepiMeHTy METOAOM BiIpUBY KiJblsl OYyJIM BCTaHOBIICHI MiHIMATbHI
3HAUEHHsI TIOBEPXHEBOIO HATATY Ui JaHWX J00aBOK 1 BCTAHOBJEHI IependauyBaHl ONTUMAalIbHI
no3yBaHHsA. B pe3ynbrari yoro Oynu BH3HAu€HI HACTYIHI CKJIAAW: KOHTPOJILHMN Oe3100aBOYHMIA
3pa30K, 3pa3Ku 3 JOAABAaHHSAM MiHIMAJILHO PEKOMEH/IOBAHMM BHPOOHUKOM JIO3YBAHHSM, 3pa3KH 3
nepen0adyBaHUM ONTHMATBHUM JO3YBaHHSM 1 3pa3ké 3 JOAaBaHHS MAaKCUMaJIbHO PEKOMEHIIOBaHHM
BUPOOHMKOM JI03yBaHHSIM. BumpoOyBaHHS MPOBOAMJIMCS HAa IIEMEHTHHX OaloukaX, CTaHAAPTHUX
po3MipiB, siki BUroToBieHi BianoBiaHo 10 JACTY. OnHiero 3 HaWBaXIMBIIINX XapaKTEPUCTUK OETOHY €
foro pyxiuBicTh. BuOpaHi ckiaau npu BHU3HA4eHHI KoeQillieHTa HOPMAJIbHOI T'YCTOTH IOKa3aiu
ictotHe 3MmeHieHHs B/Ll BimHOmIeHHSM mpu 30UTBIIEHHI J03yBaHHS 000X 100aBOK. Takox Oyio
BUBUCHO BIUIMB DPI3HUX JI03 OOpaHUX J100aBOK Ha TEPMIHM CXOIUTIOBaHHS LIEMEHTHOI KOMITO3MILIIL.
Cxmamu 3 nmonmaBaHHs n00aBku 1iactudikaropa MC-PowerFlow 2695 mokazamu yrmoBuUTbHEHHS
MOYaTKy TEPMIHIB CXOIUTIOBAHHS, B TOW Yac SIK CKJIAIM 3 JT0JIaBaHHs J00aBKu Tuiactudikatopa MC-
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PowerFlow 2695 moka3zanu TpHCKOPEHHS MOYATKy TEPMiHIB CXOIUTIOBaHHA. lIpu 1boMy KiHelb
TEPMIHIB CXOIUTFOBAHHS y BCIX CKJIaJaX CIOBUILHWIIOCS B TIOPIBHSHHI 3 KOHTPOJBHHUM CKiIagoM. Jljist
BU3HAUCHHS MIITHOCTI OYy/IM BUTOTOBJICHI IIEMEHTHI OajlOYKH 3 BHIICBKA3aHUMH CKIAJaMH, 1 B
nojanbinoMy BunpoOyBaHi Ha 3, 7, 14 1 28 noOy BimmosigHo m0 JCTY. V 3pa3kax 3 qoAaBaHHIM
ONTUMAJILHOTO JI03YBaHHS MIIHICTh Oyjla MakCHMaJlbHa SIK MPH BUIIPOOYBAaHHI HA BHTHH, TaK 1 MPH
BUIIPOOYBaHHI Ha CTUCHEHHA. Y XOJ1 NMPOBEACHUX EKCIEPUMEHTIB OyB 3pOOJICHUII BHCHOBOK, IIIO
nepenOadyBaHU ONTUMAIBHUM CKJIaJl BUSBUBCS MAaKCUMAIbHO €(EKTHBHUM, a 30UIbIICHHS J03yBaHHS
BHUIIC ONTHUMAJIBHOTO, MPU3BOIUTH J0 TIEPEBUTPATH JTOOABKH 1 3HIDKEHHS MIITHOCTI 3pa3KiB 11l 000X
00paHuX JO00ABOK.

Kiro4oBi cioBa: moBepXHEBUIl HATAT, MOBEPXHEBO AKTHBHI PEUOBHHM, MIIHICTH OETOHY,
cyneprutactugikaTop, BiIpuB KUIbI, MiAOIp CKIamy.
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Ooecckas 2ocyoapcmeeHHas akaoemus CmpoumeibCmea U apXxumeKkmypbl

AHHOTauus. B janHO paboTe mpencTaBlIeHbl pPE3yJbTaThl HWCCICAOBAHUS  BIMSHHSA
no3upoBanusi 106aBok [TAB Ha Bomy 3aTBOpeHMst W (DPU3MKO-MEXAHWYECKHE CBOWCTBA LEMEHTHBIX
KOMITO3UIIMH, Ha mpumepe cymnepruiactudukatopoB ¢upmel MC-Bauchemie. OcHOBHOI KpuTepwii
oueHku IOAP sBnsercst k03(p(GHULUMEHT MOBEPXHOCTHOTO HATSKEHUS, KOTOPBIM ObLI ompenesieH yis
ucteityeMbIx 100aBok MC-PowerFlow 2695 u MC-PowerFlow 3100. B xoze skcniepuMenTa MEeTo1oM
OTpbIBAa KOJblLAa OBUIM YCTAHOBJIEHbl MHUHHMAJIbHBIE 3HAUEHUS IOBEPXHOCTHOIO HATSDKEHUS [UIs
JaHHBIX J00ABOK M YCTaHOBJIEHBI IpEAIoiaraeMble ONTUMAIbHBIE JO3UPOBKH. B pesynprare uero
ObUTH ONpEACICHBI CIEAYIONIME COCTAaBbI: KOHTPOJIBHBIA 0e3100aBOYHBI 00paser, o0pasibl ¢
N00aBJIEHUEM MHHHUMAJIBHOM  PEKOMEHJOBAaHHOM  IPOM3BOAMTENIEM JO3UPOBKH, OOpaslbl C
IpeanonaraeMoil  ONTUMaIbHOM  JO3MPOBKOM M 00pasibl ¢  JOOaBIEHHEM MaKCHUMaJbHOM
PEKOMEHIOBaHHOH MTPOU3BOJUTENEM JI03UPOBKOM. VcibITanNs MpoBOAMINCE HAa IIEMEHTHBIX OalloukKax,
CTaHJAPTHBIX pa3MepoB M NpuroToBieHHble B cooTBeTcTBUU ¢ ['OCT. OmHolt W3 BakHEHIINX
XapakTepUCTUK OeTOHa SABISETCS €ro MOABWXKHOCTb. V30paHHBIE COCTaBBbl MpPU  ONpEETICHUH
K03 GHLIMEHTa HOPMAIBHOM T'yCTOTBHI MOKa3ajlu cyllecTBeHHOoe yMmeHblieHue B/ oTHomeHnus mnpu
YBEJIMUEHHUHN JI03UPOBKH 000MX N00aBOK. Taxke ObUIO M3yueHO BIMSHHUE PA3IMYHbIX 103 U30paHHBIX
N00aBOK HA CPOKM CXBAaTbIBaHMS LIEMEHTHBIX KoMnosunui. Cknanel ¢ goOaBieHHEM J100aBKU
wiactudukaropa MC-PowerFlow 2695 mokasanu 3amenieHHe Hayajla CpPOKOB CXBaTblBaHMs, B TO
BpeMsl Kak CKJIaabl ¢ joOaBieHueM nobOaBku mactudukaropa MC-PowerFlow 2695 mokazamu
YCKOpEHHE Hauajla CPOKOB CXBaTbiBaHUA. [Ipy 3TOM KOHEIl CpOKOB CXBAaThIBaHHUS BO BCEX COCTaBax
3aMeUTIICS 110 CPAaBHEHUIO C KOHTPOJBHBIM COCTaBOM. /[l ompezaeneHus HPOYHOCTH ObUIH
M3rOTOBJIEHBI IEMEHTHbIE OAJIOUKH C BBIIEYKa3aHHBIMU COCTaBaMHM, U B JaJIbHEHIIIEM HCIIBITaHbI Ha 3,
7, 14 u 28 cytku B coorBerctBuu ¢ 'OCT. B ob6pa3nax ¢ nobaBieHHEM ONTUMAILHOM JTO3UPOBKU
MPOYHOCTh OblJIa MaKCUMaJIbHAsl KaK MPHU MCHBITAHMM HA W3TMO, TaK M NMPH HCOBITAHUM HA CXKaTue.
BcernenctBue nmpoBeieHHBIX KCIEPUMEHTOB ObLI CZETaH BBIBOJ, YTO MPEANOIaraéMblii ONTHMAIIbHbIH
COCTaB OKa3aJiCsi MAaKCUMaJIbHO S(G(EKTUBHBIM, a YBEIWYEHUE JIO3MPOBKH BBIIIE ONTHUMAIbHOM,
MIPUBOJUT K Mepepacxoay 100aBKH U CHIKEHHE IIPOYHOCTH 00pa3ioB JUIs 000MX BBIOPAHHBIX J0OABOK.

KiawueBble  ciaoBa:  moBepxHOCTHoe — HarsbkeHuwe, [IAB, mnpounocts  GeToHa,
cynepmiacTuukaTop, OTpbIB KOJIbIA, TOAO0pP COCTaBa.

Crarrg Haminnoia 18.11.2019
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