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Anorauig. PosrsgHyTO BIIUB BUCOKOBOJIETHOI €7IEKTPOCTATUYHOI 0OPOOKH HA TMYI[OJAHOBY aKTUBHICTh 307U~
BMHECEHHS Ta BJACTMBOCTI IIeMEHTHO-30JIbHUX IIacT. BCTaHOBJIEHO, 1110 aKTHBOBaHA eJIeKTPOo(i3MYHO 30J1a-
BUHECEHHS XapaKTepU3Y€EThCs O/IBII BUCOKMM CTYIIeHeM TipaTallii Ta MyIloJaHoBOI aKTUBHOCTI. [le BILIH-
Bae Ha PEOJIOTiUHi BJIACTUBOCTI IIEMEHTHO-30IbHUX IIACT — YACTUHKH 30/1M-BUHECEHHS BUKOHYIOTE POJIb I1J1a-
cTU(IKYIOYOTO areHTy B cHcTeMi. 3 MiABUILEHHSIM CTYIIeHs rifipaTallii 30/11-BUHeCeHHS Mi/IBULIYETHCS CTYIIiHb
rifparaiii 1eMeHTy, o 3abe3neuye 3pOCTAHHS MII[HOCTI KaMeHIo B'SUKYYOTo IpH CTHCKY. MomudikyBaHHS
afre3ilfHUX KOHTAKTIB HAa MEJKi lleMeHTHA ITacTa — MiHepa/ibHa 100aBKa (eJIEKTPOTeTePOTeHHI KOHTAKTH ) BILTH-
BaTuMe Ha (POPMYBAHHS Gi/IBII OMHOPIAHOL TA UI/IBHOI MIKPOCTPYKTYPH LIEMEHTHOTO KaMeHIO Ta GETOHY.

KmoyoBi cioBa: 3071a-BUHECEHHS, TIOPTIAHAIIEMEHT, eJIEKTPOCTATHYHA 06pOOKa B MOJI KOPOHHOTO
PO3psAy, CTYIIHb TifpaTalii, chepuyHi YaCTUHKH, MilHiCTh IIPU CTUCKY.
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OBPABOTKHU HA ITYHITOJTAHOBY1IO AKTUBHOCTD 30JIbI-YHOCA
1 CBOMCTBA IIEMEHTHO-30.JIbHBIX ITACT
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AnHOTanuA. PacCMOTPEHO BIMSHUE BBHICOKOBOJIBTHOMN AIEKTPOCTATHYECKOH 0OpabOTKH HA MYIIIOJAHOBYIO
aKTUBHOCTb 30JIbI-YHOCA M CBOMCTBA 1[eMEHTHO-30/IbHBIX MACT. YCTAHOBJIEHO, YTO aKTUBUPOBAHHAS 3JIEKTPO-
(bUBHMYECKH 3071a-YHOC XapaKTepu3ayercs Gojiee BBICOKOW CTENEHBI0 THAPATAIIUH U ITYI[II0JAHOBON aKTHBHO-
CTH. DTO OKA3bIBAaeT BJIMSHUE HA PEOJIOTUYeCKUe CBOICTBA IIEMEHTHO-30IbHBIX TACT — YACTUYKU 30JIbI-YHOCA
WUTPAOT POJIb IIACTU(GUIUPYIONIETo areHTa B cucteMe. C MOBBIIEHUEM CTENIeHU THUAPATAIlMU 30JIbI-YHOCA
TOBBIIIIAETCS CTEeNeHb THAPATAIIUY IEMEHTa, YTO 0OECIIEYMBAET POCT TIPOYHOCTH KAMHS BSKYIIETO TPH CHKa-
K. MoaubuIupoBaHue are3SHOHHBIX KOHTAKTOB HA TPAHWIlE IIEMEHTHAS MACTA — MUHEpaIbHAs J06aBKa
(pyIeKTpOTETEPOTEHHBIE KOHTAKTHI) GY/IET OKA3HIBATH BIMSHIE Ha (POpMUPOBaHIe 60Jiee OMHOPOIHOI U TLIOT-
HOM MHUKPOCTPYKTYPBI EMEHTHOTO KaMHS 1 GETOHA.

KmoueBbie cioBa: 30JIa-YHOC, MOPTJAHAUEMEHT, 3JEKTPOCTaTHYECKad 06pa60'r1<a B [IOJI€ KOPOHHOT'O
pa3pdaa, CTelleHb rupaTaliuu, Cq)epI/I‘IeCKI/Ie YaCTHUIBL, ITPOYHOCTD IIPU CIKATHUH.
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Abstract. An influence of a high-voltage electrostatic treatment on pozzolanic activity of fly ash and properties
of fly ash-cement pastes is considered. An electro-physically activated fly-ash powder is characterized by a
higher hydration and pozzolanic activity. This affects the rheology of cement fly-ash pastes, fly-ash particles
playing the role of a plasticizing agent in the system. The higher degree of fly-ash hydration, the higher degree
of cement hydration, that provides an increase of ash-cement paste compressive strength. A retrofitting of
adhesive contacts on the boundary of cement paste—mineral additive (electro-heterogeneous contacts) will
effect the formation of a more homogeneous and dense microstructure of a cement paste and concrete.

Keywords: fly-ash, Portland cement, corona electrostatic treatment, degree of hydration, spherical

particles, compressive strength.

1.Introduction

High Performance Concrete is a complex mix-
ture often containing 5-10 different materials [1].
Among these materials mineral additives with
high degree of pozzolanic activity play an impor-
tant role in providing the concrete strength and
durability. Silica fume appears to be the most per-
forming siliceous product among the pozzolanic
materials for high performance concretes, how-
ever it is not available in large amounts and it is
also the most expensive mineral additive (about
0.25-0.50 " /kg in Europe). On the other hand,
fly ash is available in large amounts and is rela-
tively cheap (0.02-0.03 " /kg in Europe) [2].
Coal fly ash is a supplementary cementitious
material generated by thermal eclectic power sta-
tions and widely used in the composition of con-
cretes. The power stations generally use either
pulverized coal-fired or cyclone furnaces. Fly ash

constitutes a majorcomponent (75-80 %) of by-prod-
uct material at pulverized coal-fired power plants [3].

It’s a matter of common knowledge that fly ash
is usually used to replace the part of Portland ce-
ment by improving some properties of concrete
such as reduction in heat of hydration, increasing
durability and impermeability of the concrete in
service [4]. The active effect of fly ash is composed
of two parts: the pozzolanic activity of fly ash itself
and the promoting role of fly ash to hydration of
Portland cement [5]. However, with increased por-
tion of cement replacement the concrete strength
decreases. So in order to get resemblance in prop-
erties with ordinary Portland cement fly ash needs
special treatment like mechanical grinding, accel-
erated thermal curing, and alkali or sulfate activa-
tion. On the other hand, mechanical grinding is
connected with additional energy consumption,
alkali activation can lead to alkali-silica reaction and
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sulfate activation can decrease the durability of con-
crete due to the large ettringite content [6].

Different electrophysics activation methods are
used in a less measure. Tt is established earlier that
high-voltage electrostatic polarization of Portland
cement causes acceleration of its hydration and
intensifies cement paste structuring [7, 8]. Bipo-
lar or unipolar activation of cement and mineral
powder (fly ash or limestone filler) in corona elec-
trostatic field influences interparticle interactions
in cement paste stipulating its rheological prop-
erties and strength characteristics of the concrete
[9]. The purpose of this investigation is to determine
the influence of high-voltage electric treatment on
the degree of pozzolanic activity of fly ash and the
propetties of fly ash-cement pastes.

2. Materials and methods

2.1. Materials

Class F fly ash (FA) of Uglegorsk power station
(Donetsk region), Ordinary Portland Cement
(OPC) CEM T 42.5N and tap water were used
in this investigation. The Blaine fineness of
dispersed powders were 345 (OPC) and 360 (FA)
m?/kg. The specific gravities of OPC and FA were
3.11 and 2.34, respectively.

Fly ash replacement ratio was 30 and 50 % by
mass of cementitious powder (OPC + FA). The
fly ash—OPC pastes were prepared with a water/
cementitious (W/C) ratio which correspond to
the normal consistency of Vicat apparatus. The
composition of cement pastes is given in Table 1.
Fly ash was previously activated in the
installation for treatment of dispersed powders
in corona high-voltage electric field (indexes of
cement pastes — 1A-FA, 2A-FA). With the purpose
of determination of the influence of high-voltage
electric activation on the degree of hydration of
fly ash the control compositions of cement pastes
were prepared also (indexes — 1C-FA, 2C-FA).

2.2. The installation for treatment of fly ash in
corona high-voltage electric field

Dispersed powder of fly ash was treated on the
specially constructed installation which
functions on the principle of a corona electro-
filter (Fig. 1). The corona electrode — a copper

Table 1. The composition of cement pastes.

Composition of cement paste

Index

OPC, ¢ FA g W/C
1C-FA 294 126 0.224
1A-FA 294 126 0.218
2C-FA 210 210 0.214
2A-FA 210 210 0.202

wire with a diameter 0.6 mm is coaxial with the
grounded metallic tube [10]. Material was treated
at the electric field strength E =20-25kV/cm
and the current intensity I =25-40 jA. The
charge of corona electrode was negative. These
parameters allow to create the sufficient
concentration of ions in all volume of the
activation chamber — space charge density near
the wire was 170 uC/m> (10° single-charge ions
in 1 mm?>) [9].

2.3. Determination of degree of hydration of fly
ash

To stop the hydration reaction the cement-fly ash
paste samples were cracked and soaked in acetone
for 1 day. These samples were dried at room tem-
perature (20°C) for 2 h and further dried at 40°C
for 3 h. Then the samples were grinded until the
powder passed through 80-um sieve. After that the
samples were dried again at 110°C for 12 h.

The degree of hydration of fly ash was deter-
mined by a selective dissolution method. This meth-
od is consisted in the determination of the quantity
of unreacted fly ash in hardened fly ash—cement
paste which is successfully separated using 2 N HCI
and 5 % Na,CO, solutions. To dissolve the compo-
nent including the Ca ions from the unhydrated
OPC and the hydrated products, 2 N HCl is added.
Gel composed of SiO,, AL, O,, Fe,O, and unhydrat-
ed fly ash is left. After that, 5 % solution of Na,CO,
is added to dissolve the SiO,, Al,O, and Fe,O, gel.
Finally, only unreacted fly ash is left.

The degree of hydration of fly ash was calcu-
lated by the following equations:

azl_[xs(l—lg's) 1)

q-&H
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Fig 1. Installation for dispersed materials activation in
the corona-electrostatic field.
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In the above, ¢ is the degree of hydration of
fly ash; a, is the ignitial fraction of fly ash before
the dissolution process; a, is the residual ignition
weight of 100 % fly ash after the dissolution pro-
cess; R is the replacement ratio of fly ash by
weight; x, and x, are the weights after the disso-
lution process of the hydrated sample and unhy-
drated fly ash, respectively. Ig, Ig, Ig, and Ig, re-
fer to the ignition loss of unhydrated fly ash, un-
hydrated fly ash after the dissolution process,
unhydrated OPC and the hydrated sample after
the dissolution process, respectively. In Eq. (1),
x (1—Ig’) shows the ignition weight of unhydrat-
ed fly ash in a hydrated sample after the dissolu-
tion process and a,a, shows the ignition weight
of unhydrated fly ash in an unhydrated sample
after the dissolution process [11].

The consistency of investigation process is the
following:

1) The initial portion of FA m=1 g is ignited, after

that the loss of ignition (LOT) is measured — g,
2) The initial portion of FA m=1 g is treated with

2 N HCI solution, after that is dried and

weighed — x.

3) The portion of FA m=x, is ignited, after that
the loss of ignition (LOI) is measured — Ig,.
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4) The portion of unhydrated OPC with addi-
tion of FA (replacement mass fraction R)
m=1 g is treated successively with 2N HCI
and 5 % Na,CO, solutions, after that is dried
and weighed. Then the residual specimen is
ignited, after that the loss of ignition (LOT) is
measured — Ig .

5) The portion of hydrated OPC with addition
of FA (replacement mass fraction R) m=1 g is
treated successively with 2N HCI and 5 %
Na,CO, solutions, after that is dried and
weighed — x.

6) The portion of hydrated OPC m=x is ignit-
ed, after that the loss of ignition (LOT) is mea-
sured — Ig.

The details of these procedures are given in
[11]. The LOI of materials were detected using
differential thermal analysis (DTA) and thermo-
gravimetric (TG) analysis.

3. Results and discussion

3.1. Degree of hydration of fly ash

The results of calculations the degree of hydration
of fly ash under the data of differential thermal anal-
ysis (DTA) and thermogravimetric (TG) analysis
are given in Table 2. It can be seen from the table
that fly ash treated in the corona electrostatic field
has the degree of hydration in 1.4 times higher in
comparison with untreated sample. There are sev-
eral considerations to explain this phenomenon.
Firstly, the properties of solid surface in a great deal
are determined by concentration and polarity of
active centers, i.e. by its electric relief. According
to [12] the active centers (functional groups) of sur-
face of mineral additives (fillers) influence on the
processes of Portland cement hydration from the
first seconds of interaction of cement minerals with
mixing water. So, cancellation of surface charges
results in diminishment of activity of matter to
chemical interactions - there is the “aging” of sur-
face and increase of its reactionlessness. It has been
established earlier [13] that mineral additives treat-
ed in the high-voltage corona electric field with dif-
ferent polarity of discharge electrode showed sub-
stantial differences in distributing on the surface of
acid-basic centers. The acid (pK_ =-4,4), moderate-
ly acid (pK, = +2,1) and basic (pK_ = +8,8 and
+12,9) centers are the main adsorptive sites for an
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Table 2. The calculated data of the degree of hydration of fly ash.

The calculated data
Tndex L(E/)L xXr, 8 [gF,g Igf,g R Igo,g X, 8 Igs,g o
0
FA (initial) - 1.0 g* 6.0 - 0.060 - - - - - -

FA (dissolution in 2N HCI) —
1.0g

3.5 0.9 0.032

OPC+FA —unhydrated
sample (dissolution in 2N 9.0 -
HCI, 5% Na,CO3;)-10 g

- 0.3 0.038 - - -

2C-FA —hydrated sample
(dissolution in 2N HCl, 5% 5.5 -
Na,COy)-1.0g

- 0.3 - 0.240 0013 13.6

2A-FA —hydrated sample
(dissolution in 2N HCI, 5% 6.2 -
Nach3) -1.0 g

- 0.3 - 0.225 0014 19.1

1.0 g* - the initial probe of material before the dissolution process

initial fly ash powder. After the treatment of fly ash
in electrostatic field with a negative discharge elec-
trode amount of acid and moderately acid centers
substantial increased but amount of centers with
pK, = +88 diminished. In accordance to [14] the
strengthening of acid properties of quartz surface
filler resulted in activation of acid-basic reactions
with cementing phases. Besides, the long-range
field of electrically active relief of solids surface will
affect the processes of structure formation in cement
paste.

3.2. Fly ash-cement paste rheology

It is usually reported that, if the volume concentra-
tion of a solid is held constant, the addition of min-
eral fillers improves concrete performance but re-
duces workability because the fine mineral powder
will increase the water demand due to the increase
in surface area. However in certain cases the use of
fine mineral additives can reduce the water demand
or increase the slump, especially fly ash [1]. The
most common reason for increasing the workabili-
ty of cement paste is that the spherical fly ash parti-
cles easily roll over one another, reducing interpar-
ticle friction [15, 16]. Besides, according to [17] clin-
ker powder has a positive integral surface charge,
thus the extent of potential energy barrier between
particles is small that is not prevent their floccula-
tion with decreasing the volume of “free water” in
dispersed system [18]. The fine particles of fly ash

with negative surface charge [17] get adsorbed on
the oppositely charged surfaces of cement particles
and prevent them from flocculation (Fig. 2). The
cement particles are thus effectively dispersed and
will trap large amounts of water that means that the
system will have a reduced water demand to achieve
a given consistency [15]. Secondly, the fine fly ash
particles attached to the surface of the larger cement
particles will form 3-d spherical shape agglomerates
— “spherical cement” that provide high fluidity of
cement pastes and concrete mixtures [17].

This effect is very strong in the systems with
high volume of fly ash, i.g. High- Performance,
High-Volume Fly Ash Concretes [15]. In the case
of electric activation of fly ash in corona high-volt-
age electric field the value of negative zeta-poten-
tial of particles will increase to a great extent, thus
the water demand of fly ash-cement paste must
decrease. These phenomena are illustrated by the
data given in table 1. We can see that the system
with electrically treated fly ash powder 1A-FA has
the water-cementitious ratio on 2.7% smaller in
comparison with the control sample 1C-FA (the
Vicat normal consistencies of both systems are
similar). When the cement replacement is higher
(2A-FA, 2C-FA) this effect rises up to 5.6%.

3.3. Fly-ash-cement paste compressive strength

Table 3 illustrates the results of compressive
strength testing of hydrated fly ash — cement pastes
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Fine fly-ash particles

Fig. 2. The repulsion forces between unipolar charged fly ash — cement particles.

Table 3. The compressive strength of fly ash-cement

pastes.
. Relati
Compressive confpérlés‘;?ve
Index strength, MPa
gth, strength, %

3-day 28-day 3-day  28-day
IC-FA 224 67.8 100 100
1A-FA 262 76.3 117 112.5
2C-FA 13.8 447 100 100
2A-FA 17.0 53.2 123 119

with different replacement ratio of Portland cement
by fly ash. It can be seen clearly that systems with
high content of fly ash (50 % replacement ratio)
have considerably less compressive strength on
comparison with the systems whereas the replace-
ment ratio is only 30%. These differences are es-
sential at the early period of cement paste hy-
dration. On the other hand the index of
strength activity (relative compressive
strength) of fly ash treated in electrostatic
field is stronger when the replacement ratio
is higher. It has been reported [5] that when
the content of fly ash is less, its pozzolanic
activity can exert well, but its promoting role
to the hydration of cement is weaker. When
the content of fly ash is more, it is less than
its pozzolanic activity can be used, but its pro-
moting role to the hydration of cement is
stronger.

It is necessary to mark also that strength in-
creasing of the systems with activated fly ash is
connected with plasticizing effect of fine fly ash
particles attached to the oppositely charged sur-
faces of Portland cement particles.

10 A

12,6

13.8

15

Fig. 3. DTA and TG-curves of hydrated cement pastes
with treated (2) and untreated (1) fly ash powder.

Fig. 3 shows that the total loss of ignition of
fly-ash cement paste with activated in electric
field fly ash powder is higher on 9.5 % in com-
parison with control sample. The endothermic
peaks on DTA curves of activated and control
samples are similar. However the depth of en-
dothermic peak in the thermal interval with
extreme point 140-155°C which is associated
with dehydration of CSH-gel is well above for
the activated sample. While the endothermic
peak with extreme point 480-490°C (dehydra-
tion of calcium hydroxide) for activated fly ash
— cement paste is not so mach as for control
sample. This is due to the activating effect of
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high-voltage corona electrostatic treatment
on the degree of hydration of fly ash.

Conclusion

1. With the help of a selective dissolution meth-

od the degree of hydration of fly ash was de-
termined. Fly ash powder treated in the elec-
trostatic corona field has the degree of hydra-
tion in 1.4 times higher in comparison with
untreated sample.

. The system with electrically treated fly ash

powder 1A-FA has the water-cementitious
ratio on 2.7% smaller in comparison with the
control sample 1C-FA (the Vicat normal con-
sistencies of both systems are similar). When
the cement replacement is higher (2A-FA, 2C-
FA) this effect rises up to 5.6%. This is due
mainly to the repulsion forces between uni-
polar charged fly ash — cement particles.

. The systems with high content of fly ash

(50 % replacement ratio) have considerably
less compressive strength on comparison with
the systems whereas the replacement ratio is
only 30 %. These differences are essential at
the early period of cement paste hydration. On
the other hand the index of strength activity
(relative compressive strength) of fly ash
treated in electrostatic field is stronger when
the replacement ratio is higher.
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HNEepPCHUX KOMIIOHEHTIB GETOHY.

Anp-1llamcu Xanea Anxi Cain — KaHAWIAT TEXHIYHUX HAYK, TPAITIOE leKaHOM (DaKyIbTeTy AIEHCHKOTO YHiIBEPCUTETY,
6yniBespHOTO iHCTUTYTY. HayKkoBi iHTEpecH: GeTOHU 3 MiHEPATEHUME T06ABKAMIL

3aityenko Huromait MuxailloBUY — KaHIWIAT TEXHUYECKUX HAYK, HOLEHT, paboTaeT AOMEHTOM KadeAphl TEXHOJO-
Tl CTPOUTEIBHBIX MATEPHUAJIOB, U3AETHNA W aBTOMOOMIBHEIX M0pOT J[oHGACCKON HAITMOHATHLHOM aKaZeMUH CTPOU-
TEJBCTBA M apXUTEKTYPHL. HayuHble MHTEPECH: BHICOKOMPOYHBIE M 0CO60 BHICOKOMPOYHBIE GETOHBI Ha OCHOBE (hisH-
KO-XUMUYECKH MOTM(PHUIIMPOBAHHEIX TUCTIEPCHBIX KOMIIOHEHTOB GETOHA.

Anp-Illamcu Xanea Aan Caua — KaHIWIAT TEXHUYECKUX HAYK, paboTaeT AekaHoM (pakyasreTa ATeHCKOTO YHUBEPCH-
TeTa, CTPOUTETLHOTO UHCTUTYTA., HayuHble HHTEPECH: GETOHBI ¢ MUHEPATLHBIMU [0OABKAMU.
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