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INFLUENCE OF THE W/S RATIO ON THE CELLULAR
CONCRETE PROPERTIES ON THE BASIS OF FLY ASH

Abstract. The article considers the results of a study of fly ash from the Ekibastuz
coal basin in the production of cellular concrete. Studies have shown that the composition
of fly ash is very complex in terms of the variety of chemical elements and its use as a
siliceous component instead of sand has a beneficial effect on the value of the W/S ratio. A
study of the pore structure of cellular concrete showed that an increase in the W/S ratio
leads to a sharp change in the nature of the porous structure, that is, the higher the W/S, the
higher the quality of its porous structure. However, an excessive increase in W/S causes
stratification of the solution. In order to establish the optimal value of the W/S ratio using
fly ash, studies were carried out. The results of a study to determine the influence of the
porous structure of cellular concrete on its properties clearly showed how, with increasing
WIS ratio, the porosity deviation index decreases, and the lower the porosity deviation, the
better the characteristics of the macropores of cellular concrete, and accordingly, the higher
the strength of aerated concrete.

Keywords: cellular concrete, fly ash, siliceous component, W/S ration, gas ash
concrete, autoclaved hardening, pore structure.
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Introduction. Ekibastuz coal fly ash is very refractory, T.=1670-1720 °C,
it is due to the high silica content in its composition. Due to the excessively high
refractory temperature of the fly ash and the insufficient maximum temperature of
the gases in the furnace (1500-1550 °C), some fly ash particles do not melt and
have an irregular shape with sharp edges [1].

The thermal power plant fly ash, freed from organic substances, was studied
microscopically. It was found that vitrification and crystalline phases represented
by feldspar, calcite, quartz and, in smaller quantities of magnetite, corundum,
hematite, amorphized clay components and other minerals are the main
components of the phase composition.

The vitrification is a product of thermochemical action on the mineral part of
the fuel (mainly clay). Research has showed the ideally pillow-like or fairly
spherical (solid or hollow) shape of most vitrous fly ash particles. In addition,
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scale-like and cellular forms are distinguished. Often the particles are presented as
a inflated mass. The amorphous phase of the fly ash is heterogeneous, represented
by two types of glass, colorless and in the form of melted balls of yellow and
yellow-brown color due to the presence of iron oxide in it. The surface and
contours of colorless balls are mostly unclean and corroded, while yellow and
yellow-brown colored balls are smooth, clean, and less likely to be subject to mild
corrosion. The glass beads contain feldspar, magnetite, hematite, clay particles and
sometimes quartz grains. The crystalline part of the fly ash appears to be both
primary minerals accompanying the organic part of the fuel, and new formations
obtained in the combustion process. The main crystalline parts of the fly ash
include quartz, feldspar, mullite, magnetite, hematite, calcite, dolomite and
cristobalite.

Researchers note that the fly ash of dry separation from the Ermakovskaya
State District Power Plant consists of 10-15% aggregated accumulations,
represented by colorless isotropic claw-shaped plates. These plates contain up to
10% point like anisotropic inclusions, represented by incompletely crystallized
mullite, and a significant amount of about 5% grains and mullite needles. The
aggregate mass contains rare grains of cristobalite and tridymite [2].

Therefore, it is clear that the composition of fly ash is very complex in terms
of the variety of chemical elements present in it, the combination of various
compounds, the shape and nature of the surface, and much more, all this
necessitates a thorough study of the properties of cellular concrete in the
production of which fly ash from coal combustion in the Ekibastuz coal basin is
used as a siliceous component.

As is known, the physical, technical and performance characteristics of
cellular concrete depend on a number of factors and, first of all, on the
composition, their ratio, the amount of water mixing, density, structure, heat
treatment mode and on the type and properties of the primary materials.

Conditions and methods of research. The use of fly ash as a siliceous
component significantly affects the optimal W/S ratio value, on which the basic
properties of gas ash concrete largely depend. The optimal W/S ration value is
understood as the ratio of the weight of water to the weight of dry components at
which the rate of increase in the structural viscosity of the gas-ash concrete mixture
would correspond to the rate of the gas release process. If the W/S ratio is
insufficient, the plastic viscosity increases quickly and the gas-ash concrete
mixture has time to completely blow up. The resulting gas bubbles accumulate in
the solution and, due to the ever-increasing lifting force, encountering resistance,
break the viscous gas-ash concrete mixture, forming a network of cracks, which
greatly reduces the final strength. The structure of gas ash concrete under these
conditions is defective, and gas use is low.

If WIS ratio value is excessive, the plastic viscosity of the gas-ash concrete
mixture increases slowly and by the time it is finished, the gaseous flowability of
the solution remains high, while many gas bubbles float to the surface, water
separation occurs, the mass boils and settles.

The rate of increase in the plastic viscosity of a gas-ash concrete mixture of a
given composition depends on the water content and temperature of the gas-ash
concrete mixture.

This can be explained by the fact that with an increased water content of the
gas-ash concrete mixture, a better and more uniform structure of cellular concrete
is obtained.
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The flowability of gas ash concrete decreases significantly with increasing
temperature of the mixture (Table 1).

Table 1
Influence of W/S ration on flowability of gas ash mixture
W/T Flowability of mixture, according to the Suttard viscosimeter (sm)
Temperature 13°C Temperature 40°C
0.55 15 11
0.62 22 19
0.68 26 24
0.75 30 30

The reason of this is that the process of hydration of lime and cement is
accelerated at high temperature and water is quickly absorbed by cementitious
materials. Lime hydration occurs much faster than cement. As the W/S ratio value
increases, this difference gradually decreases and at W/S = 0.75 the flowability
remains the same and does not depend on the mixture temperature. A study of the
pore structure of cellular concrete showed that an increase in the WI/S ratio, all
other things being equal, leads to a sharp change in the nature of the porous
structure from pore aggregates elongated in the form of an ellipse (which have a
higher stress concentration than spherical pores) to pores of regular shape with
clear outlines. When studying macroporous cellular concrete, pores of regular
spherical shape (large WIS ratio), with clear outlines showed less deviation in
porosity value and, accordingly, greater strength.

That is, with an increase in W/S ratio, the quality of its porous structure
improves. Consequently, the positive role of increasing W/S ratio is to reduce the
viscosity of the mortar mixture and, thereby, improve the conditions for the
flowability of the spherical shape and their uniform distribution throughout the
entire volume of this mixture. However, an excessive increase in W/S causes
stratification of the solution. Excess water settles on top and pours out of the molds
when the gas ash concrete swells, and the binders somewhat reduce their activity.

If WIS ratio is higher, the mixture blows out well, but sets slowly, resulting
in “boiling”, the gas evaporates, and the mixture settles. Therefore, we accepted the
optimal values of the water-solid (W/S) ratio such that there is no thawing of water
on the surface of the solution, without adding a gas-forming agent in it.

If the W/S ratio increases from 0.6 to 0.65, it is noted that at the W/S ratio of
0.6 the mixture blew out well, and with an increase of the W/S ratio to 0.65 at other
things being equal, partial sedimentation of water and rapid blowing out occurred
with the mixture pouring out of the walls of the molds, and the pore structure has
an elongated and partially stuck together character, which differs significantly from
the optimal structure.

To obtain the optimal structure of gas ash concrete, along with the
temperature and the viscosity of the mixture, when the pores in the concrete are
spherical and spead evenly, the quality of the selected type of gas-forming agent
plays an important role, and it is also necessary to achieve a coordinated interaction
between the kinetics of increase in structural viscosity and the kinetics of gas
emission.

In this regard, the pores formed by the gas have different sizes, as a result of
which the gas-ash concrete may turn out to be heterogeneous.

The smaller the pores and the more equal their spreading in the concrete, the
higher the quality of gas ash concrete in terms of uniformity of properties (in terms
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of strength and density of concrete) and, no less important, in terms of thermal
conductivity, this is achieved by using smaller petals of aluminum powder. To do
this, crushed aluminum powder is obtained by vibrating the powder together with
ash.

In technological environments, the quality of the supplied aluminum powder
in terms of uniformity of granulometry largely depends on the supplier’s plant.

In order to define the optimal value of the W/S ratio using fly ash, studies
were carried out on gas ash concrete with a density of 600 kg/m3. The defined
optimal ratio of the silica component to the binder (C) in terms of strength was 1.2.
At the optimal temperature of the gas-ash concrete mixture, equal to 40-45 °C, the
addition of 3.0 kg per m*® of concrete, semi-aqueous gypsum (CaSO4-0.5H,0),
significantly improved the rheological characteristics of the mixture. The steaming
regime was carried out according to the previously defined rational regime of
3+6+3 hours at a temperature of 90+5 °C.

As can be seen from Table 2, with an increase of the WIS ratio, the strength
of gas ash concrete increases, and the optimal value of the WIS ratio in terms of
strength in our case is taken to be 0.60, while with a W/S ratio equal to 0.65 partial
sedimentation of water occurs and rapid swelling and partial pouring of the mixture
along the edges of the molds is observed.

The value of the optimal water-solid ratio is influenced by the water-need of
the mortar mix, which, at a constant ratio of the silica component to the binder (C),
depends on the properties of the primary materials. Thus, the porous components of
fly ash have a greater water-need, and when grinding fly ash, the porous structure
is disrupted and the water-need of the gas-ash concrete mixture decreases [3].

In the technology of cellular concrete, there are technological methods that
make it possible to ensure the necessary rheological properties of the cellular
concrete mixture, while increasing the W/S ratio. Thus, it is possible to reduce the
viscosity of the mixture using complex vibration, during its blowing out and obtain
cellular concrete with a high-quality macroporous structure at reduced water-solid
ratios. In order to reduce the water-solid ratio in cellular concrete, many
researchers have undertaken a variety of methods, but the use of super-fluidizing
agent C-3, as shown in factory tests (at Pavlodar Reinforced concrete structures
plant-4), showed that the effect of liquefying the mixture, which is observed in
similar conditions during operation with heavy concrete was not achieved. In all
likelihood, the features inherent in cellular concrete, and first of all, the blowing
out of the mixture, and not its compaction, which we have in heavy concrete,
imposes its effect [4].

Studies of the properties of cellular concrete in the laboratory of Research,
Design and Technological Institute of Concrete and Reinforced Concrete showed
that with an increase of the W/S ratio, the compressive strength doubles, and the
dynamic modulus of elasticity (DMU), determined by the resonance method, and
the speed of ultrasonic waves almost do not increase. Thus, it turned out to be
possible to evaluate the increase in the elasticity of the intercavity material and the
increase in strength due to an increase in the quality of the porous structure,
revealing the primary role of the structure of the vapor space of cellular concrete
[5]. The macroporous structure in cellular concrete is formed mainly by a blowing
agent. The number of such pores in cellular concrete makes up the majority and it
is the macroporous structure as a whole that determines the density of cellular
concrete and has a significant impact on its properties. For the first time, the
gualities of a macroporous structure began to be determined using a
photoelectronic installation created by A.P. Filin under the supervision of G.A.
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Logginov on the basis of a binocular microscope. The photoelectronic setup made
it possible to study the surface spread of porosity, as well as the pore size
spreading. At the installation, the total porosity was measured by the amplitude of
the photocurrent, the value of which was noticeably distorted due to the instability
of the photomultiplier or the network voltage. Difficulties in work are also caused
by the complexity of preparing samples for testing; along with careful grinding of
the sample, it was necessary to paint the surface with white enamel and fill the
pores with carbon black [6].

Employees of the Department of Physics of MSCU, together with the
Research, Design and Technological Institute of Concrete and Reinforced Concrete
due to the existing photoelectronic installation, created a more advanced
photoelectronic installation and developed a method for determining the quality of
the macroporous structure of cellular concrete [7].

A photoelectronic installation for determining the quality of the macroporous
structure of cellular concrete consists of a position table with an electric drive, an
illumination system, an optical projector, and a photomultiplier with a cascade
voltage divider.

This system makes it possible to compare the quality of the macroporous
structure of cellular concrete samples. Quality assessment is made by the standard
deviation of surface porosity, which is measured on a flat section of a porous
material by circular scanning of the latter.

The standard deviation of surface porosity is determined by the readings of a
pointer electric meter (voltmeter) of effective values, which ensures the speed of
the information obtained.

Determination of the quality of the macrostructure of gas ash concrete with
different W/S ratios is given in Table 2.

Table 2
Influence of the W/S ratio on the strength of autoclaved gas ash concrete

Compo- | W/TS Flow Mixture Density | Compres- Deviation
sition accordingto | temperature sive of porosity

the Suttard strength value

SM °C kg/m® MPa Eph

1 0.5 15.0 40 606 1.72 0.175

2 0.55 16.0 40 610 2.12 0.163

3 0.6 16.5 40 613 2.63 0.133

Research results. The results of studies to determine the influence of the
porous structure of cellular concrete on its properties clearly showed how, with an
increase in the W/S ratio from 0.50 to 0.60, the porosity deviation index — Eph (the
standard deviation of the porosity surfaces of cellular concrete and is determined
by the readings of a pointer electric meter) decreases device — a voltmeter of
effective values) from a value of 0.175 to 0.133, respectively, and the smaller the
deviation of the porosity value — Eph, the better the characteristics of the
macropores of cellular concrete (the pores are round and give little light scattering
and are evenly distributed over the body of the concrete) and, thus, correspondingly
higher strength of gas ash concrete. Many foreign researchers indicate the
significant influence of the nature of the pore structure on the properties and
operational durability of products made from cellular concrete.

Thus, it has been established that in order to obtain strong and resistant gas
ash concrete of any density, it is necessary to ensure, first of all, the coordinated
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interaction of the processes of gas formation and blowing up with the process of
gaining plastic strength and, accordingly, obtaining a high-quality macroporous
structure.

When working with new components of gas ash concrete, such as fly ash
from state district power plants, the composition of the mixture is usually
established experimentally based on test results, but taking into account numerous
studies of various ashes and data on optimal compositions and modes.

Studying the nature of the dependence of the strength of gas ash concrete on
the composition is of great practical importance, since it allows one to find
maximum strength with the lowest consumption of binder.

Studying various compositions with ash, recommended by researchers,
simple and available in production conditions, additives, in the process of our
experimental work, we found that using a mixed binder (cement-lime) in a ratio of
4:1 with the addition of up to three kg per m® to the mixture, semi-aqueous gypsum
CaS04-0.5H,0, water-solid ratio 0.60, at a temperature of the gas-ash concrete
mixture equal to 40-45 °C, allows us to achieve a coordinated interaction of the
processes of gas formation and blowing up with the process of gaining plastic
strength, to obtain high-quality autoclaved gas-ash concrete with an optimal porous
structure. The ratio of the silica component to the binder is 1.2. At the same time, it
is possible to obtain autoclaved gas ash concrete B4 without consuming more than
200 kg/m® of Portland cement per m® of gas ash concrete with a density of 600
kg/m?.

Discussion of scientific results. Research in order to determine the
influence of the type of siliceous component on the properties of cellular concrete
has shown that in non-autoclaved production of gas-ash concrete (steaming
according to the mode of 3+6+3 hours at a temperature of 90+5 °C), gradual
replacement of sand with a specific surface area of 2500 sm?/g, on fly ash with a
specific surface area equal to 2800-3000 sm?/g, leads to a significant increase in
strength from 0.83 MPa to 2.34 MPa, that is, when completely replacing sand with
fly ash, we get maximum strength results, that is, non-autoclaved grade B2 gas-ash
concrete based on acidic fly ash obtained from burning coal from the Ekibastuz
coal basin.

Research with autoclaved gas ash concrete, steamed in a mode of 2+8+2
hours at a pressure in the autoclave of 0.8 MPa and a temperature of 174.5°C,
which, other things being equal, autoclave treatment gives high strength indicators
and a grade of gas ash concrete equal to B2.5-B4.2 at a density of gas ash concrete
equal to 600 kg/m?.

Moreover, the data indisputably shows that in the case of using autoclave
treatment, maximum strength is achieved when a mixture consisting of fly ash and
lime is used, and, with a ratio of 1:1, this very extraordinary phenomenon can be
explained by examining the obtained new formations. Thus, studying the type of
the strength dependence on the composition of gas ash concrete, researchers note
that at maximum strength, the phase composition of new formations is
characterized by the disappearance of C,SH(A) and the formation, in addition to
CSH(B), of lamellar crystals such as tobermorite CsSsHs and xonotlite. The
decrease in strength from increasing the addition of fly ash beyond the optimal
composition occurs, in their opinion, mainly due to the dilution of the cementitious
binder with unreacted ash particles.

In the case of non-autoclave technology, we had maximum strength with the
complete replacement of sand with ash, which indicates the high activity of the
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most acidic fly ash, while the main cementing factor remains compounds formed
by hardening cement products.

Conclusion Thus, we confirm the fact that ashes have increased hydraulic
activity during their complex lime-gypsum activation [8].

Based on this, it seems to us that it is primarily necessary to take advantage
of such properties of acidic fly ash as ours obtained from the combustion of coal
from the Ekibastuz coal basin in the production of autoclaved gas ash concrete.

The strength of autoclaved cellular concrete on sand had a maximum of 3.42
MPa, and on fly ash — 3.9 MPa, while with a sand:fly ash ratio equals to 1:1, the
strength was 4.15 MPa.
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C.M. MomuHosa?, b.T. Konxacapos?
IM. 3yeszo6 ameiHdasbl OHmMycmik Kasakcmad yHusepcumemi, LLleimkeHm K., Kaszakcmax

CYObIH KATTbI 3ATKA KATbIHACBIHbIH, }K3C ¥LIKbIH KY/IIH NAKOANAHA OTbIPbIN
OHAIPINETIH ABTOK/1IABTbI ¥A/1bl BETOH KACUETIHE 9CEPIH 3EPTTEY

AHpatna. Makanaga yanbl 6eToH eHAipiciHae naiganaHbinFaH Ekibactys Kemip
bacceiHiHiH  YWKbIH Ky/liH 3epTTey HaTUXKenepi KapacTbipbliagbl. 3epTreynep
KepCeTKEeHAEN, KYAAiH Kypambl XUMUASbIK 31eMEHTTEPAiIH dPTYPAiNiriHiH apKacbiHAa eTe
KYPZAENi KoHe OHbl KYMHbIH, OPHbIHA KPEMHWUIM TONbIPaKTbl KOMNOHEHTI peTiHAe KongaHy
CyAblH, KaTTbl 3aTKa KaTblHAacblHA KafbiMAabl acep eTedi. YaAnol OeTOHHbIH, Keyek
KYPbIZIbIMbIH ~ 3epTTey CyAblH KaTTbl 3aTKa KaTblHACbIHbIH, KOFapbllaybl KeyekTi
KYPbINIbIMHBIH, CUNATbIHbIH, KYPT ©3repyiHe aKeneTiHiH KepceTTi, AFHU CyAblH, KaTTbl 3aTKa
KaTbIHACbl HEFyp/bIM YKOfapbl 60/1ca, OHbIH, KEYEeKTi KypblabiMbIHbIH, Canacbl COFYP/bIM
ofapbl 6osagpl. [ereHmeH, cygblH KaTTbl 3aTKa KaTblHACblHbIH, LWAMagaH TbIC
YKOFapblnaybl epiTiHAIHIH, KaTnapaaHyblHa anbin Kenegi. ¥WKbIH KyA4i KOoAgaHa oTbipbin,
CyAblH, KaTTbl 3aTKa KaTblHACbIHbIH, OHTAW/Abl MOHIH aHbIKTAy MaKcaTbiHAA 3epTTeysaep
KYPrisingi. ¥anol 6€TOHHbIH, KeyeKTi KypblabIMbIHbIH, OHbIH, KacMeTTepiHe acepiH aHbIKTay
6OMbIHLIA 3epTTey HaTUXKenepi cyablH KaTTbl 3aTKA KaTbIHACbIHbIH, ©CYiMEH KeyeKTiMiKTiH,
AybITKY KepceTKiWi Kanah TeMEHAEWTIHIH aHblK KepCeTTi, an KeyeKTiNiKTiH, aybITKybl
HefypabiM a3 60/1ca, yAbl BETOHHbIH, YIKEH KeyeKTepiHiH cMnaTramach! COFYPJ/IbIM ¥aKCbl
6onaabl, ColiKeciHLe ra3 KyN1beToHHbIH, 6epiKTiri }ofapbl 6on1abl.

Tipek ce3pep: yanbl 6ETOH, YWKbIH-KYA, KPEMHUNTOMNbIPAKTbI KOMMOHEHT, CYAblH,
KaTTbl 3aTKA KaTblHACbI, ra3Ky/16ETOH, aBTOK/1aBTa KaTalo, KeyeKTepAaiH, KypblibIMbl.

C.M. MomuHosa?, b.T. Konxacapos?
OxacHo-KasaxcmaHckuil yHusepcumem um. M. Ayasosa, 2.llleimkeHm, KazaxcmaH

WUCCNELOBAHMUE BAIMAHWUA B/T OTHOLLUEHWUA HA CBOMCTBA ABTOK/IABHOIO
AYENCTOIO BETOHA C UCNMNOJ/Ib3OBAHUEM 30/1bl-YHOCA T3C

AHHOTauMA. B cTaTbe paccMaTpUBalOTCA pe3ynbTaTbl MCCAE40BaHMA 30/bl-yHOCA
JKkubacTysckoro yronbHoro 6acceitHa npuM  NpPouM3BOACTBE  AYencToro  6eToHa.
MccneaoBaHMa MOKasanu, YTO COCTaB 30/1bl-yHOCA O4YeHb CAOMHbIA MO pasHoobpasuio
XMMMYECKMX 3/1EMEHTOB U NMPUMEHEHNE ero B KayecTBe KPemMHEe3eMMUCTOro KOMMOHEeHTa
BMECTO necka 61aronpuATHO BAWUAET Ha BeMumHy B/T oTHOWweHuA. M3yyeHne CTpyKTypbl
nop Avyeucroro 6eToHa Nnokasasno, 4To ysenndyeHne B/T OTHOLIEHMA NMPUBOAUT K PE3KOMY
N3MEHEHMIO XapaKTepa NOPMCTON CTPYKTYPbI, TO eCTb Yem Bbilwe B/T, Tem Bbllue KayecTso
€ro MnopuCcTON CTPYKTypbl. Tem He MeHee, 4Ype3smepHoe mnosbiweHue B/T, Bbi3biBaeT
paccnoeHue pacteopa. C Lenblo YCTaHOBAEHWA ONTUMAbHOrO 3HadeHus B/T-oTHoweHuA
C nNpUMeHeHMeM 30/bl-yHOCa, OblAM  NpoBeAeHbl  WUCCAeAoBaHWA.  PesynbTaTbl
nccaen0BaHNA No onpeaeneHuo BAUAHUA NOPUCTOMN CTPYKTYPbl AYEUCToro 6eToHa Ha ero
CBOMCTBa HarNAgHO MOKasaiu, Kak C pocTom B/T OTHOWEHMA yMeHbLUAeTCsa MoKasaTesb
OTK/NIOHEHMA MOPUCTOCTU, a YEeM MeHblle OTK/JOHEeHWEe MNOPUCTOCTU, TemM Aydlue
XapaKTepuCTMKa MaKponop fAYenctoro 6eToHa, COOTBETCTBEHHO Bblle MPOYHOCTb
rasosonobetoHa.

KnioueBsble cnoBa: auencTblit 6€ToH, 301a-yHOC, KpEMHE3EeMMUCTbIN KOMNOHEHT, B/T
OTHOLEHWe, ra3030/106eTOH, aBTOKNAaBHOE TBEPAEHME, CTPYKTYypa nop
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