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In this study, the effect of mineral and organic additives on the properties of mineral suspensions
was studied. Disperse mineral additives are used in cement systems to increase the amount of rheological
matrix and ensure high fluidity. Due to the high dispersion of mineral additives, high-efficiency plasticizers
were used to regulate the rheotechnological properties of cement-based mixtures. The effect of
sulfonaphthalene-formaldehyde oligomer and polycarboxylate-based hyperplasticizers on the rheological
properties of cement systems as a plasticizer was evaluated according to the methodology proposed by prof.
V.1 Kalashnikov. Based on the results obtained, it was determined that limestone powder is more effective
than other stone powders. As a result of the research, the optimal amounts of mineral additives and
plasticizers were determined and the possibility of obtaining efficient, high-strength cement stone on their
basis confirmed.
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Introduction

Recently, extensive research has been
conducted on the acquisition and application of
new mineral and organic modifiers that regulate
the rheology of cement systems and improve
their properties [1-3]. It is known that the
amount of rheological matrix in self-leveling
concrete mixes must be sufficient to ensure the
free movement of large and small aggregates in
the mix. To increase the volume of the
rheological matrix, the amount of finely
dispersed components such as cement or rock
powder in the mixture should be increased [4,

5]. However, the addition of disped additives
worsens the rheological properties of cement
systems. Therefore, high-efficiency plasticizers
are used to regulate the rheotechnological
properties of cement systems, taking into
account the high dispersion of mineral additives
used in the preparation of various types of
mortars and concrete mixtures. The most
effective of  these plasticizers are
hyperplasticizers based on polycarboxylates [6-
10].

Materials and research methods

In the present study, powders obtained
from the grinding of mineral rocks in a
laboratory ball mill were used as a disperse
additive. The following mountain rocks are used
as local raw materials for the purchase of fine
dispersed powders:

- limestone of Garadagh deposit
- marble of Dashkesan deposit
- a granite of Zurnabad bed of Khanlar

region.

In the research, Glenium SKY 500,
Glenium 313 hyperplasticizers and Rheobuild
878 superplasticizer derived from BASF were
used as a plasticizer addition. Hyperplasticizer
Glenium SKY 500 is aqueous solutions with
different degrees of polymerization based on
Glenium 313 polycarboxylate esters.
Superplasticizer Rheobuild 878 naphthalene is
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an anionic surface-active agent consisting of a
mixture of oligomer and polymer compounds
obtained due to the condensation of sulfonate
with formaldehyde.

The CERM I - 52,5N Portland cement of
the Holcim cement plant, such as cement, was
used.

Rheological characteristics were evaluated
by the V. Kalashnikov method [11]. According
to this method, the modified Suttard
viscosimeter was used. The viscosimeter is a
stainless steel cylinder with an internal diameter
of 25 mm and a height of 50 mm. The change in
water demand and fluidity is estimated by the
spread of water-mineral mixture in the
gravitational flow of the dough. In this case, the
flow rate is calculated by the following formula:

o = hd?r/ kD?

Where 1) is the flow rate of the paste, Pa; h
and d height and diameter of the viscometer, m;
p - density of dough, kg / m?; k - coefficient that
takes into account the distribution of stresses in

the viscoplastic mass and is taken equal to 2; D-
dough diameter, m.

The method includes the following
steps: under 180 x 180 mm size glass, the
circular scales are placed on paper; then the
cylinder and the glass are moistened. A sample
of material is taken, completely filling the
cylinder. Upon completion, the cylinder is
removed and the diameter of the dough is
measured. The density of the dough taken from
each measurement is indicated. According to the
results of measurements, the plastic effect is
determined, in particular by water reducing
index characterizing the reduction of water
consumption in the isoreological system:

Wied = (Water/Solid)n/(Water/Solid)pl
Where (Water/Solid) n and (Water/Solid) pl - is
a water/solid ratio of normal and plasticized
paste.

On the basis of cement paste, 5 cm cube
samples were kept in normal conditions.

Results and discussion

At the initial stage of the research,
reotechnological properties and sedimentation
effects of mineral suspensions (cement,
limestone, marble and granite powder) were
studied (Table 1). Three different plasticizers
were used in the research. The results show that
plasticizers reduce the water / solid ratio from
0.5 to 0.32 in suspension, from 0.44 to 0.11 in
marble suspension, from 0.4 to 0.26 in granite

and from 0.42 to 0.12 in limestone.

The results obtained show that the used
plastifiers indicate the ratio of water/solids
content of 0.5 to cement suspension is 0.32,
water/solids ratio is 0.44 in marble suspension,
0.4 in granite and 0.42 in limestone 0.11, 0.26
and 0.12 respectively. The water reducing effect
of hyperplastifers is 1.56 in cement suspension,
1.54 in granite, 3.5-4 in marble and lime stone.

Table 1. Impact of mineral suspensions on water / solids ratio of plasticizers

Ne | Materials SP type Water/sol | Spread, D,sm Water reducing index
1 2 3 4 5 6
- 0.5 9
1 Cement Glenium SKY500 0.32 9 1.56
Glenium 313 0.34 9 1.47
Rheobuild 878 0.38 8.8 1.32
- 0.44 9
) Marble Glenium SKY500 0.11 9 4
Glenium 313 0.14 9 3.14
Rheobuild 878 0.19 9.2 2.31
) - 0.4 9
3 | Omanite T ium SKY500 | 0.26 9 1.54
Glenium 313 0.26 9 1.54
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Rheobuild 878 0.3 9.1 1.33
- 0.42 9
4 Limestone | Glenium SKY500 0.12 9 3.5
Glenium 313 0.14 9 3.0
Rheobuild 878 0.19 9.2 2.2

Results of studies into the effect of plastifiers on
the dissolution and flow of mineral suspensions
(Table 2) show that the use of 1% of additives

significantly increases the diffusion diameter of
the mixture in all constituents and decreases the
flow rate accordingly.

Table 2. Impact of plastifiers (1%) on the spread of mineral suspensions

Ne |  Materials SP type Water/sol Spread, D, sm T, Pa
1 2 3 4 5 6

- 0.5 9 34.60

1 Cement Glenium SKY500 0.5 17 9.70

Glenium 313 0.5 17 9.70

Rheobuild 878 0.5 13 16.90

- 0.4 9 33.00

) Marble Glenium SKY500 0.4 20 7.20

Glenium 313 0.4 19 7.93

Rheobuild 878 0.4 16.5 12.50

- 0.4 9 35.40

3 Granite Glenium SKY500 0.4 17.5 9.90

Glenium 313 0.4 15 12.20

Rheobuild 878 0.4 14 14.00

- 0.42 9 30.20

4 | Limestone Gleniurp SKY500 0.42 21.7 6.08

Glenium 313 0.42 19.7 7.22

Rheobuild 878 0.42 18 10.70

The maximum flow rate characterizing the
diffusion of gravitational flow at the lime
suspension is observed during the use of the
Glenium SKY500 plasticizer (6.08 Pa). Under
the influence of the hyperplasticizer, mineral
suspensions behave like Newtonian fluids and
flow like water.

At the next stage of the research, the

effects of mineral supplements (limestone,
marble and granite powder) on
rheotechnological  properties of  cement

suspensions, first of all, on the flow rate were
studied with both plastifers and without
plasticizers (Fig. 1-3). It can be seen from the

curves that with an increase in the amount of
mineral additives, the flow limit decreases, and
the solution dissipates well. When using
plasticizers as compared with pure cement, the
flow rate of mineral additives decreases to 26-
37%. As the particles of the finely dispersed
filler are positively charged as cement, the
electrostatic and steric effecting mechanisms
contribute to the adsorption of the plasticizer,
with the flow of binary mineral suspensions
decreased to the minimum. In this case, binary
mineral suspensions begin to flow like new
tonic fluids, not as fluid-structured liquid.

CHEMICAL PROBLEMS 2020 no. 4 (18)



472 A.A. GUVALOY et al.
36,00 36,00
0 x
30,00 30,00
24,00 — : 24,00
’ —&—n0 additives Rheobuild 878 ’ » :
g +—Glehium SKY500 T:_ Glenium 313 g —k10 additives ~B—Rheobuild 878
. 1800 .\i\._i_.\. < 1800
E 12,00 E 10 \_n___._,_.-r_l,,—’f
i 5 . b L ] i ] +
g v | | ] A : | 4 v v Y
2600 xa g 60
(a3
0,00 0,00
0 20 40 60 30 100 0 20 40 60 80 100
Quantaty of marbel, % Quantity of granite, %
Figure 1. The effect of plasticizers on the flow rate of cement- Figure 2. The effect of plasticizers on the flow rate of the
marble solution on the amount of marble cement-granite solution on the granite content
36,00 0,50
30,00 A
040
&
o B0 o additives ~#-Rheobuild §78 030 =
a9 4—Glenfum SKY500 B Glenfum 313 i "
4 1800 2 i \'\
*é E 0,20 —k—npad d],I:IVE‘ ! | .
= 1200 0 ! z ~B-Rheobuild 878 Ly .
E 6.0 3 : = [ — 3 % 0,10 + (If-nium SKY500 v
[ ‘ @ B Glenium 313
0.00 5 0w
0 20 40 60 80 100 I 0 20 40 60 %0 100
T 3 0
Ql,la_nmy of lime stone, % 2 Quantity of lime stone, %
Figure 3. The effect of plasticizers on the flow rate of cement-
limestone solution on the amount of limestone Figure 4. Dependence of the effect of the cement-limestone
solution on the water-solids ratio of the plasticizers to the
amount of limestone
0,50 — ]
— |
0,40
;}\.\.\
0 o 030
” 2 0 $ '
noY . — 7z |
X —i—10 additives a : % ’ —i—no additives A
é 010 - {heqbuild 878 ? o0 ~B—Rheobuild 878
o 4 Glenium SKY300 g " 4+—Glenium SKY500
0 H (] .
§ 000 B Glenium 313 = 000 - Glenium 313
0 20 40 60 30 100 0 20 40 60 80 100
Quantity of marble, % i Quantity of granite, % )
Fi . Figure 6. Dependence of the effect of the cement-granite solution
igure 5. Dependence of cement-marble mortar on the solids . . -
.. on the solid substance ratio of the plasticizers to the amount of
content of the plasticizers depends on the amount of marble ;
granite
The influence of plasticizers on In cement-granite suspension (Fig. 6),

water/solid matter ratio was studied in the
research process depending on the quantity of
mineral supplements. The results show that the
ratio of water/solids in respect to cement
decreases in cement-limestone (Fig. 4) and
cement-marble (Fig. 5), in proportion to the
increase in mineral supplements.

the results are somewhat different. The ratio of
water / solid to a substance is reduced by 80%,
and then begins to increase. None of the
selected plastids after this range affect the
spread of cement-granulose suspension.

This can be explained by the weak
absorption of the superplasticizer in the aqueous
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suspensions into the surface of granite particles
which is due with their negative charge.

It is enough to add a small amount of
cement (up to 5-10% of the mineral component)
to mineral suspension to re-fill the granite
particles and enhance the plasticizer effect of
superplasticizers and hyperplasticizers.

It looks like that curves fitted to the
values of the effectiveness of cement-limestone
and cement-marble binary systems are closely
related to each other. This is explained as being
due to the fact that both of these marble and
lime stones are composed of CaCOs; and its
effect is similar when used with cement and
plasticizer. Therefore, when choosing a
dispersed filler for cement-mineral powder
systems, it is advisable to give preference not to
marble, the resources of which are limited in
Azerbaijan, but to limestone, which has rather
large deposits on the Absheron Peninsula. Thus,

the use of limestone beds for the acquisition of
rheological-active stone powder is more
promising together with subsequent phases of
research being carried out with cement-
limestone systems.

An important criterion for the selection
of powders is the compatibility of cement with
chemical and mineral supplements.

It should be noted that the study into
self-settling mixtures was carried out with the
application of stone powder based on dense
limestone. The cost of concrete was
significantly lower due to the use of limestone
powder as a finely dispersed additive in the
preparation of these mixtures. In this study,
Glenium SKY 500 was wused as a
hyperplasticizer and Garadagh limestone was
used as a carbonate powder as a dispersed
mineral additive to increase the viscosity of the
cement mortar (Table 3).

Table 3. Effects of lime powder on properties of the cement mortar

N Composition of cement mix, kg / m? slump, Compressive strength,
sm MPa (day)
cement carbonate Glenium | Water 7 28
powder SKY500
1 440 44 6.78 140 14 53.5 71.23
2 440 88 8.45 140 14 55.41 73.56
3 440 132 9.15 142 14 60.56 81.30
4 440 176 9.86 142 14 58.67 79.02
When applying lime stone powder, the a sharp separation of the cement mortar occurs

effectiveness of the cement mix increases. Its
particles are distributed between cement
particles to form a three-dimensional spatial
carcass with larger particles. This carcass
consists of chains and aggregates caused by
numerous coagulant connections. As a result of
an increase in viscosity, plastic strength,
cohesion and thixotropy from the mixture, the
segregation process in the mixture is eliminated,
and the system becomes self-settling without
stratification. Studies have shown that without
the addition of limestone powder, the spread of
the cone increases to 14 cm, as a result of which

and the mixture cannot be molded in its
previous state.

The compressive strength of the cement
stone obtained by using limestone powder is in
the range of 71.23-81.30 MPa. When the
amount of lime powder rises from 10% to 40%,
the cement density based on the same fluidized
cement solution increases by 10MPa. The
microstructure of the samples without additives
and with the addition of 30% limestone powder
was analyzed under an electron microscope
after 28 days of curing under normal conditions.
(Fig. 7).
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Fig. 7. Microstructure of cement stone (3, 000 times increase)
a- cement stone without additive; b- cement stone with limestone powder.

As can be seen, the structure of the
cement stone without an additive is not
homogeneous (Fig.7a). Its structure is grouped
as portlandite crystals and described as a weak
crystallization layer with high content of
calcium hydrocrystals. When limestone powder

is added to fine particles, a homogeneous
structure of the cement stone is formed (Fig.
7b). Thin crystals of portlandite are observed in
closed pores only, crystallization of which
occurs after the formation of the basic structure
of cement.

Results

1. The surveys found that the rheological
activity of the stone powders used are close
to the rheological activity of cement while
the flow rate of the cement suspension when
using the Glenium SKY500 plasticizer is 9.7
Pa and 6.08 Pa in the lime suspension.

2. When we used 10-40% limestone powder as
rheological active additive, the strength of

cement stone was 71.23-81.30 MPa.

3. Following the results of electron microscopic
analysis, an increase in strength with the
addition of limestone powder occurs due to
the formation of a dense, homogeneous
structure of a cement stone due to finely
dispersed particles.
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UZVi VO NARINDISPERS OLAVOLORIN MINERAL SUSPENZIYALARIN REOLOJI
XASSOLORINO TOSIRI

A.A. Guvalov, S.I. Abbasova

Azaorbaycan Memarliq vo Insaat Universiteti
AZ 1143 Baki, Ayna Sultanova kiic., 13,
e-mail: abbas-guvalov@mail.ru

Hazirka igdo mineral va iizvi alavalorin mineral suspenziyalarimin xiisusiyyatlorina tasiri
oyranilmigdir. Reoloji matrisanin migdarini artirmaq va yiiksaok axiciligr tamin etmak tigiin sement
sistemlorinds dispers mineral oalavalordon istifads edilmigdir. Mineral alavalorin yiiksak
dispersliyini nazara alaraq sement asasli qarisiglarin reotexnoloji xiisusiyyatlorini nizamlamaq
tictin  yiiksak samoarali plastifikatorlardan istifad> olunmusdur. Plastiklosdirici alava  kimi
sulfonaftalin-formaldehid oligomerinin va polikarboksilat asasinda olan hiperplastifikatorlarin
sement sistemlorinin reoloji xassalorina tasiri Prof. V.IKalasnikov tarafindon toklif edilmis
metodika tizra qiymoatlondirilmisdir. Alinmis naticalor asasinda digar das tozlart ilo miigayisada
ahang dasi tozunun daha samarali oldugu miiayyon edilmisdir. Aparilmis tadqiqatlar naticasinda
mineral alavalorin va plastifikatorlarin optimal migdarlart miiayyanlasdirilmis va onlar asasinda
samorali, yiiksok mohkamlikli sement dasinin alinmasinin miimkiinliiyii tasdiq edilmisdir.

Acgar sozlar: mineral alava, sement suspenziyasi, das tozu, hiperplastifikatorlar, reoloji matrisa,
dispers doldurucu
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BJIMAHUE OPTAHUYECKUX U TOHKOAUCIIEPCHBIX JTOBABOK HA
PEOJIOTHYECKHAE CBOMCTBA MUHEPAJIbHBIX CYCIEH3UI

A.A. I'yBanos, C.. A6GacoBa

AzepOaiikaHCKI YHUBEPCUTET apXUTEKTYPBl H CTPOUTEIHCTBA
AZ 1143, baky, yn. Aiina CynraHosoi, 13;
e-mail: abbas-guvalov(@mail.ru

B pabome wuzyueno enusHue MUHEPANbHBLIX U Op2AHUYECKUX 000a60K HA CBOUCMBA
MUHEPANbHBIX CYCheH3ull. /lucnepchvie MuHepanbHble 000ABKU UCNONL3VIOMCSA 6 YEeMEHMHbIX
cucmemax 01 YBeIUYeHUs KOIUYeCm8d peoslocudeckol Mmampuysbl U obecnedyeHus BblCOKOU
mekyyecmu. M3-3a  8bICOKOU  OUCNEPCHOCMU  MUHEPATIbHLIX  000A680K OISl pe2yluposanus
PEOMEXHONI02UYECKUX CBOLICME cMecell HA OCHO8e YeMEHMA UCNOIb308AIUCL 8bLCOKOIDDeKmusHble
naacmughukamopul. Bruanue cynvghoHagpmanungopmanboecuoHo2o onuzomepa u
2UNEPNAACTUPUKAMOPO8 HA OCHOBE NOIUKAPOOKCUIAMOS8 HA PeoNocudecKue COLUCMBEa YeMeHmHbIX
cucmem 8 Kayecmee NAACMUDUKAMOPA OYEHUBANOCH NO MemoouKe, NpeoioHCeHHOU Npog.
V.1 Karawnuxosvim. Ha ocnosanuu noiyueHuvix pe3yivmamos 0viio onpeoeneHo, 4mo NopouloxK
useecmmusaKa Oonee s¢hghexmusen, wem opyzue KamenHvle Nopowku. B pezyrvmame ucciedosanuil
onpeoeneHbl  ONMUMATIbHbIE KOIUYECMEd MUHEPATbHLIX 000A80K U NAACMUDUKAMOPO8 U
NOOMBEPHCOEHA BO3MONCHOCMb NOJYYEHUS HA UX OCHO8e I(PDHeKmusHo20 BblCOKONPOYHOLO
YEeMEHMHO20 KAMHSL.

Knwouesevle cnosa: munepanvhas 000a6Ka, YeMeHmMHAs CYCNEH3Us, KAMEHHbIU NOPOULOK,
2UNEPNAACTUDUKAMOPDL, PEOTOCUUECKAs MAMPUYA, OUCNEPCHBLIL 3ANOIHUMEND.
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