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Awnoranis. BinburicTs mynonmaHoBux 106aBOK, 30KpeMa MeTakaoJiH abo MiKDOKPEMHE3eM, MalOTh TEH/EHIIII0
M IBUIILY BATH BOAONIOTPeOyY GeToHHUX cyMitneit. OIHI€I0 3 TOJOBHUX MPUYKH 301IbIIEHHST BOLOMIOTPEGH TOH-
KOVICTIEPCHUX MiHepaJbHIX YaCTUHOK € iX MifiBUIeHa muToMa roBepxHs. OTiKe, /7151 ONTHUMI3aIlii rpaHyJIo-
METPUIHOTO CKJIA/Y TIOPTIAHAIIEMEHTY 3 T0OaBKOIO MiKPOKPEMHE3eMY Ta aKTHBAIIi1 TPOIIECY TBEPIHEHHS KOM-
MO3UIIHOTO TIEMEHTY 3aITPOIIOHOBAHO TEXHOJIOTII0 MOBEPXHEBOTO MOIM(DiKYBaHHS Y BUCOKOBOJBTHOMY €JI€K-
TPUYHOMY T0JTi. PO3p06IeHO YCTaHOBKY €eKTPIYHOI arioMepaltii JIsT ofiepsKaHHst MOAN(DIKOBAHOTO KOMITO-
3UIIITHOTO IIeMEeHTY. 32 pe3yIbTaTaMi CKaHyBaJTbHOI eIeKTPOHHOI MiKPOCKOTIIi 3 eHePTOANCIIEPCIHOTO CTIEKT-
POCKOIIi€I0 BUKOHAHO JOCTIPKeHHS YaCTUHOK MO/M(hiKOBAHOTO KOMTIO3UIIIITHOTO IIEMEHTY. 3a pe3yJIbTaTh
IhepeHIiftHOT0 TePMOKIHETUIHOTO Ta PEHTreHO(a30BOTO aHATi3y BUBUEHO IIPOIlEC TBEPAHEHHS KOMIIO3M-
I[I#HOTO TTOPTJIAHAIEMEHTY 3 T00ABKOI0 MiKPOKPEMHEZEMY.

Ko4oBi cioBa: MikpoKpeMHe3eM, KOMITO3UIITHU I [eMEeHT, ToBepXHeBe Mo (iKyBaHHS, JIEKTPHYHA
arJoMepaliis, JOMAaIIHs JacTHHKA, TOCThOBA YACTUHKA, IleMEHTHA IacTa.
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AunnoTaus. BoJIbIIMHCTBO 1YyIII0JAaHOBBIX 100ABOK, B YaCTHOCTU METAKAOJIMH MM MUKPOKPEMHE3EM, Me-
0T TEHJIEHITMIO MOBBIMATh BOAOMOTPEOHOCTh GETOHHBIX cMecell. OMHON U3 TJIaBHBIX TPUYMH YBEJTMYEHUST
BOZIOTIOTPEGHOCTH TOHKOANCIIEPCHBIX MUHEPAIbHBIX YACTHIL SBJSETCS UX TOBBINIEHHAsT y/IeJIbHAsA TIOBEPX-
HOCTh. TakuM 06pa3oM, ¢ IeJIbI0 ONTUMU3AIIMY TPAHyJIOMETPUYECKOTO COCTaBa MOPTIAHAIIEMEHTa ¢ J00aB-
KON MUKPOKpeMHe3eMa 1 aKTUBAIIUU ITpollecca TBEPIEHU S KOMITO3UITMOHHOTO 1leMeHTa Mpe/I/IoskeHa TEXHOJIO0-
TUsT TOBEPXHOCTHOTO MOANGMUITMPOBAHNUST B BBICOKOBOJBTHOM 9JIEKTPUYECKOM ToJie. Paspaborana ycraHOBKa
2JIEKTPUYECKON arJIOMepaIi JIJIsT TI0TyYeHUsT MOAN(PUIITPOBAHHOTO KOMITO3UIITMOHHOTO 1leMeHTa. [1o pe3yib-
TaTaM CKaHUPYIOIUIEH 2JIEeKTPOHHONH MMKPOCKOIMU € 9HEPTOAUCIEPCUOHHON CIIEKTPOCKOIMEN BBIIOJHEHO
MCCJIe/IOBAHNE YACTUIl MOIUMUIIMPOBAHHOTO KOMITO3UIIMOHHOTO TleMeHTa. [lo pedysbratam nuddepeniu-
AJIBHOTO TEPMOKMHETUYHOTO W PEHTreHO(a30BOr0 aHAIN3a U3YYeH MPOIecC TBEPJAeHUs] KOMIO3UIIHOHHOTO
HOPTJIaHAIEMEHTa ¢ J06aBKO MUKPOKPEMHE3eMA.

Kiouessbie cioBa: MUKPOKPpEMHE3EM, KOMITO3UITMOHHbIT IIEMEHT, IIOBEPXHOCTHOE MO[[I/I(bI/IL[I/IpOBaHI/Ie,
JJIEKTPpUYECKad arjgoMepanud, JOMalllHAA YaCTHlla, rocTeBad 4aCTulla, HEMEeHTHasd I1acTa.
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Abstract. Most pozzolanic materials, especially metakaolin or silica fume tend to increase the mixing water
requirement for concrete. The most common reason is that fine mineral particles raise the water demand due
to increased surface area. So, in order to optimize the grain size composition of Portland cement with the
addition of silica fume and to activate the hardening process of composite cement the technology of surface
modification in high-voltage electric field is proposed. The electrical agglomeration setup to produce modified
composite cement has been designed. An observation of cross-section of modified composite cement particle
as well as an analysis of the element distribution by SEM with EDS is shown. The hardening process of
composite Portland cement with the addition of silica fume according to the data of the differential

thermokinetic and X-ray analysis is considered.

Keywords: silica fume, composite cement, surface modification, electrical agglomeration, host particle,

guest particle, cement paste.

1. Introduction

All products used in the construction industry have
embodied environmental impacts - whether from raw
materials, manufacture or transportation. Itis well
known, that the cement industry produces
approximately 5-7 % of global manmade CO,
emissions. The CO, emissions directly resulting from
clinker production fall into two main categories:
those derived from de-carbonation of the raw
materials and those derived from the fuel burned in
thekiln [1].

A typical modern rotary cement kiln with a
specific heat consumption of 3,1 GJ/t clinker,
burning traditional carbon based fuels such as coal,
oil or petroleum coke, emits approximately 0,31 kg
tuel derived CO,/kg clinker. On the other hand,
inefficient long rotary kilns burning wet raw
materials typically operate at a heat consumption of
about 6 GJ /t clinker,and a fuel derived CO, emission
of about 0,6 kg/kg clinker [2].

Compared to fuel derived CO,, carbon dioxide
derived from the raw materials is relatively high at
approximately 0,53 kg/kg clinker. So, the total CO,
emissions from kilns burning conventional fuels and
raw materials therefore range from 0,84 to 1,15kg/kg
clinker depending primarily on the heat consumption
of thekiln [1, 2].

The most effective means of achieving significant
reduction of CO, emissions lies in the replacement
of Portland cement clinker by other suitable
materials. These replacement materials can be added
separately to the concrete allowing a reduction in
the content of clinker for the same concrete
performance, or used to replace the clinker in
composite cements. Replacement materials that
react with calcium hydroxide are commonly termed
«Supplementary Cementitious Materials»,
(SCMs). They include fly ash, granulated blast
furnace slag, natural pozzolans, and to a lesser extent
silica fume, metakaolin, etc. [3-5].

The incorporation of SCMs into cement or
concrete systems provides many benefits to properties
of both fresh and hardened concrete. However, most
pozzolanic materials, especially metakaolin, silica fume
or fine milled lime stone tend to increase the mixing
water requirement for concrete and lower the rate of
strength development. The most common reason is
that fine mineral additives raise the water demand
due to increasing surface area [5].

On the other hand, fumed silica consists of very
fine particles that have a strong tendency to form
agglomerates. So, to reduce the water demand of
composite cement the particle size distribution
should be optimized. This problem can be realized
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by surface modification of components of composite
cements, in particular by dry particle coating.

Dry particle coating to change the surface
properties and/or functionality of powders appears
as a very important process for many industries.
Typical applications include modification of
flowability, wetability (hydrophobic/hydrophilic
properties), solubility, dispersibility, flavour,
particle properties [6—8]. In such coating processes,
powders with relatively large particle sizes (host
particles: 1-500 um) are mechanically coated with
the fine particles (guest particles: 0,1-50 pum) in
order to create a new functionality or to improve
their initial characteristics (Fig. 1) [7].

Dry impact blending to produce co-called
«spherical cement» described in a series of papers
by a Japanese group [9-12]. The high fluidity of
spherical cement comes from its round shape and
particle size distribution. In particular, the particle
size is distributed in a narrow range and the volume
of fine particles under 3 pum is less than that in normal
Portland cement.

The packing ratio of spherical cement increases,
and the fluidity and workability of concrete using
spherical cement also increase as compared to those
of normal Portland cement. Furthermore, the strength
and durability of concrete on the base of spherical
cement are improved because less water is required
for mixing, The adiabatic temperature rise of spherical
cement is smaller than normal cement due to
reduction of the unit weight of cement for the same
strength appearance. The authors [9—12] believe that
spherical cement isa new type of cement that can be
used for several high-quality concrete types including
high-fluidity concrete mixtures (SCC), high strength
and high-durability concrete (HPC).

x5S000 T e, OkU 4mm
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Figure 1. The scheme of particles modified by dry impact
blending: 1 — host particle: 1-500 um; 2 — guest particle:
0,1-50 pm.

Spherical cement is prepared by a dry impact
blending method (microhybridization technology),
where a mixture is formed by covering the surface of
large cement «host» particles with ultra fine mineral
«guest» particles, in particular microsilica. The
adhesion driving forces between particles of
spherical cement are due to the van der Waals
interaction and electrostatic attraction [ 11] as well
as liquid bridge forces. In turn, the electrostatic
interaction between particles is realized by their
triboelectric charging. However, it is well known
[13] that triboelectric charging is extremely
sensitive to environmental conditions. If the
electrostatic forces between host and guest particles
are relatively weak, insufficient adhesion strength
takes place. Thus the fine particles are often peeled
off from the surface of core grains during the
technological processing such as mixing, pneumatic
transport or compression forming where relatively
strong mechanical forces are applied to the
components of concrete mixtures [ 14].

To overcome this problem and to increase the
attraction of units in a particle system a selective
electrostatic charging of single particles can be
employed [13]. For this reason the method of
electrical agglomeration of Portland cement and
microsilica particles as well as the laboratory
experimental setup has been developed.

2. Experimental details

2.1. Materials

Ordinary Portland cement CEM 142.5 N (OPC)
and silica fume (SF), which is a by-product of the
ferrosilicons production were used as raw materials.
The chemical composition and physical properties
of materials used are given in Table.

2.2. Experimental electrical agglomeration setup

Agglomeration in an alternating electric field
(AC-agglomeration) is a process in which large
particles are formed via coagulation of smaller
particles. The principle of AC-agglomeration is
presented in Fig. 2. Particles are first charged by a
corona discharge asin a conventional electrostatic
precipitator. Next they enter an alternating electric
field where they start to oscillate. The electrical
mobility and so also the oscillation velocity depend
on the particle size, so that the larger the particle
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Table. Chemical composition and properties of the
materials used

Composmqn (%) OPC SF
Properties

SiO, 21,4 91,8

Al,O3 5,8 1,1

Fe,03 34 0,65

CaO 61,5 2,4

MgO 1,7 0,05

K,O 0,7 0,1

SO, 2,5 0,35

Loss on ignition 1,2 3,6

Bulk density (kg-m ) 1310 215
. 2. 1 365 18600
Fineness (m~kg ) (Blaine) (BET)

size the larger are the velocity and the amplitude.
The differences of the particles oscillation velocity
and amplitude cause collisions between them. So,
the particles remain attached to each other [15].

It is necessary to mention the fact that only the
charged grains will be moved in an alternating
electric field [16]. Better results are expected using
bipolar distribution of large and small particles [17].

Particles are charged previously by a corona
charger. In this case they are charged bipolarly —
Portland cement (PC) in the positive corona
discharge and the silica fume (SF) in the negative
one (U = +/- 25 kV, I = 30-50 uA). Then the
aerosols of charged particles flow into a chamber of
alternating electric field: agglomerator. The electric
strength of electric field is 3-5 kV/cm. Large
charged cement particles oscillate with bigger
amplitude and velocity than the small charged
microsilica particles. The difference in particle
velocities and amplitudes oscillation causes their
collisions and agglomeration.

2.3. The host / guest particles mass ratio

The evolution of the percentage by mass of guest
particles used in agglomeration experiment is
calculated based on the assumption of 100 % surface
coverage of the host particles (PC) with a monolayer
of guest particles (SF). It is assumed that all guest
particles are of same size, both host and guest
particles are spherical, and that the shapes of host
and guest units do not change during the coating
process. Based on these assumptions, the mass
percentage (W) of guest particles for 100 % coverage
is [6, 8]:
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(N d ; c guest )

guest :

(Dfmst C host) + (Nd

;uest C guest )
For D, >> d,_, (here, D, /d, ., = 10), the
number N of guest particles per host particleis given
by the expression:
4(D host +d guest ) ?
N= d 2 . (2 )

guest
The average dimensions of particles are: Portland
cement (host particles) D, = 20 um, silica fume
(guest particles) d ., = 2 um. From Eq. (1), the
percentage of guest particles needed to coat host
particlesis 25,5 %.

W, % = -100. 1)

guest guest

3. Results and discussion
3.1. The shape of cement particles

In this paper both an observation of a cross-section
of cement particles by scanning electron microscopy
(SEM) and an analysis of the element distribution
(EDS) of the surface of modified composite cement
are shown. It was observed that Portland cement
grains have an angular shape with particle size
distribution in the range of 1—50 um (Fig. 3 a). After
the treatment of Portland cement and silica fume in
the electrical agglomeration setup the particle size
distribution became narrower 5-50 pm with a
predominance of large particles. These results are
due to the modification from sharp-cornered grains
tospherical shape based on the fixing and embedding
of finessilica fume particles (Fig. 3 b).

According to the data of energy dispersion
spectroscopy the following oxides were found
surrounding thesurface of modified cement, %: SiO,
(84,93); SO, (11,91); AL O, (1,85); MgO (0,84);
K,O (0,45) (point 1, Fig. 3 c) — these elements
belong predominantly to the chemical composition
ofsilica fume. For comparison, an angular grains on
the spheroid surface (point 2, Fig. 3 ¢) is represented
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Figure 2. The principle of AC-agglomeration.
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by the next set of oxides, %: CaO (51,44); SiO,
(3731); Fe,0, (4,21) SO, (2,24); ALO, (1,43); K,0
(3,07), which is very close to the chemical
composition of Portland cement.

3.2. Fluidity of cement paste

The flow of cement paste was measured in accordance
with [18]. The flow pipe is 50 mm in diameter and
100 mm in height. Flow (F) was measured by averaging
two crossing diameters of the spread. Therelative flow
area ratio (G) as the index of fluidity was calculated
by the Eq: G=F?/50%— 1. The composition of cement
paste is: PC =210 g SF =70 g SNF SP=28¢g
(dry powder).

It has been found that control cement paste with
water-to-cementitious ratio w/c= 0,32is characterized
by the relative flow area ratio G = 1,1. In the case of
modified cement the value of relative flow area ratio

WD=12.1mm 17.00kV _ x600

G = 1,1 isreached when water-to-cementitious ratio
is w/c = 0,285 (less than 11 %). So, 28—day
compressive strength of samples on the base of
modified cement 37 % is higher in comparison to
control samples.

3.3. Calorimetric researches of thermal emission
kinetics

The next samples were investigated during calorimetric
researches of thermal emission kinetics: 1 — Ordinary
Portland cement (type I) — 100 %; 2 — Ordinary
Portland cement (typeI) — 75 % andsilica fume — 25 %;
3 — Modified cement: Ordinary Portland cement
(typeI) — 75 % and silica fume — 25 %.

The height of the first peak of the heat evolution
rate curve (Fig. 4) of sample 2 is lower than that of
OPC (1). In turn, the height of the first peak of
sample 3 (modified cement) is lower than that of

17.00kV  x800

—T

§
£32: E210 a8

Figure 3. Scanning electron microphotograph of particles of Portland cement (a) and modified composite cement

(b, ¢) with EDS.
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Figure 4. Heat evolution rate curve of cement paste.

sample 2 (control cement). Perhaps this is due the
fact that the layer of ultra fine silica fume particles
blocks the penetration of water to the surface of
Portland cement.

The height of the second peak of the heat
evolution rate curve is recorded at 9,5 hours of
hydration for Ordinary Portland cement paste (1)
and at 13—14 hours for the control sample (2) and
15-16 hours for the modified sample (3). On the
other hand, the maximum quantity of heat evolution
is observed for the modified composite cement,
which indicates increasing degree of hydration.
These dataare consistent with the X-ray diffraction
analysis of 28 days cement paste (Fig. 5). The
intensity of diffraction reflections lines of tricalcium
silicate (d=0,386; 0,277;0,176 nm) and portlandite
(d=0,491;0,311;0,263;0,193; 0,170 nm) of modified
composite cement is less in comparison with control
samples. At the same time the higher intensity of the
calcium silicate hydrates lines (C-S-H)
(d =0,304; 0,280; 0,182 nm) is observed.

Conclusion

The method for surface modification of Portland
cement with addition of ultra fine silica fume in
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Figure 5. XRD-patterns of cement paste.
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3aityenko Mukoaa MuxaitsioBu4 — JI0KTOp TEXHIYHUX HAYK, MPpodecop, 3aBifxyBad kadeapu TeXHOIOTiH 6y 1iBeTbHIX
KOHCTPYKIIiit, Bupo0iB i Mmarepianis [lon6achKol HallloHaIbHOI akaaemii OyaiBHUITBA i apxiTekTypu. Haykosi inTepecu:
BUCOKOMIIIHI | 0cOGJIMBO BUCOKOMIIIHI GETOHU Ha OCHOBI (hi3MKO-XiMIUHO MOAM(DIKOBAHUX AUCIEPCHUX KOMIIOHEHTIB
6eTOHY.

Cepmiok Onexcanzp IBaHoBHY — OKTOP XIMIYHUX TeXHITHUX HAYK, Mpodecop Kadeapn MPUKJIATHOI €KOJIOTIT i XiMil
JlonbachbKoi HallioHaIbHOT akajgeMii OyaiBHUIITBA i apxiTekTypu. Haykosi iHTepecu: yTusisailis BiIX0iB MTPOMUCIIO-
BOCTI IpY BUPOOHUIITBI Oy IiBeIbHUX MaTepiajiB Ta BUPOOIB.

Xamomes Onexcanap KaoMoBrY — KaHAMIAT TEXHIYHNX HAyK, AOUEHT Kadeapy TEXHOJIOTIN Oy/iBeTbHNX KOHCT-
PYKIIili, BupoOiB i Marepianis JloH6acbKOi HalliOHaIBHOI akaeMil OyAiBHUIITBA i apxiTekTypu. Haykosi inTepecu: mozau-
(pikoBaHi KOMIO3UIIINHI IIeMEeHTH Ta GETOHK Ha iX OCHOBI.

aiiyenko Huxomait MuxaiiiioBu4 — OKTOp TeXHHYECKUX HAYyK, ITpodeccop, 3aBeaylomuil kadeapoll TeXHOIOTHH
CTPOUTEIHHBIX KOHCTPYKI[MH, M3Aennii u MarepuaioB [[oHOACCKON HAIMOHANBHOM aKa/JeMUH CTPOMTEIHCTBA U ap-
XUTEKTYphI. HaydumHble MHTEPeChl: BBICOKOTIPOYHbBIE U 0CO60 BBHICOKOITPOUHBIE OETOHBI Ha OCHOBE (DU3UKO-XUMITIECKN
MOAU(DUIMPOBAHHBIX [IUCTIEPCHBIX KOMIIOHEHTOB GETOHA.

Cepmiok Anexcanap MBaHoBHY — TOKTOP XUMUYECKUX HayK, Tpodeccop Kadenpsl IPUKIATHON 9KOJIOTHN M XNUMUN
JlonbaccKoil HAIMOHATBHON aKaeMUU CTPOUTENHCTBA U apXUTEKTYPhL. HaydHble MHTEPECHE: YTUIU3AIISI OTXOI0B
MIPOMBINIJIEHHOCTH TIPH TIPOU3BO/ICTBE CTPOUTETBHBIX MATEPUAIOB M U3JEJHUIL.

XaumomeB AJ[eKcaHZ[p KaiomoBuu — KaHAu/1aT TEXHUYECKUX HaYK, JAOLEHT Ka(bellpb[ TEXHOJIOTUHN CTPOUTEJIbHBIX
KOHCprKHHfI, u3eani u MaTepruajioB ﬂOH6aCCKOﬁ HallMOHAJIBHOU aKkajieMuun CTPOUTEJIbCTBA U apXUTEKTYPBHI. Hayt[-
Hbl€ MHTEPECHI: MOI[I/ICbI/IL[I/IpOBaHHI)Ie KOMITO3UIIMOHHbIE IEMEHTBI U GETOHbBI Ha UX OCHOBE.
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