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Hardening of Portland cement-based materials in vicinity of electrically conductive surfaces, especially when the
surfaces are electrically or galvanically polarized, can lead to both morphological and chemical changes in
cement close to the surfaces due to combined electrochemical and electrophysical processes.

Cement hydration products close to graphite and steel surfaces being positively (anode) and negatively
(cathode) electrically polarized (direct current) were studied. Scanning Electron Microscopy and Energy
Dispersive X-ray Spectroscopy were used to compare structure and atomic composition of cement hydration
products on cathode, anode and a reference surface with no electrical polarization.

The application of direct current (DC) potential in aqueous Portland G cement dispersion significantly affects
cement hydration products close to cathode and anode and different products were found at the anode compared
to the cathode surfaces. At the graphite anode, calcium sulphate crystals along with calcium hydroxide were most
abundant, while the graphite cathode was mainly covered with calcium hydroxide. The calcium hydroxide
carbonated upon exposure to air during drying. When steel electrodes where used, the most significant
adsorption occurred at the anode, in contrast to graphite where the largest amount of the adsorbed material was
found on the cathode. The observed differences were explained in view of electrophysical (electrophoresis,
electroosmosis) and electrochemical (reduction and oxidation) processes occurring at electrode surfaces upon

application of DC current.

The knowledge gained in this work is important for engineering of electrically conductive cement nano-
composites where typically the contact surface of an electrically conductive filler and a cementitious matrix is

high.

1. Introduction

Hydration of Portland cement is a process in which clinker minerals
and gypsum react with water to form solid hydrates. In this way, Port-
land cement-based materials like cement pastes, concretes, mortars, and
cement composites are gaining the mechanical strength necessary for
the application of these materials in construction [1]. It relies on re-
actions of anhydrous calcium silicates, calcium aluminates and calcium
aluminoferrites with water [2]. The hydration reactions lead to the
formation of amorphous calcium silicate hydrate gel (C-S-H), acting as
a glue, and crystalline calcium hydroxide as the main hydration prod-
ucts [3].

The conditions under which the hydration occurs play a crucial role
in the development of microstructure of cement-based materials and
thus affect the properties of the resulting hardened materials [1]. The
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parameters like temperature [4], pressure [5], and concentration of
different additives have been broadly utilized to engineer the cement
hydration. Much less is however known about how the electric field and
electrical polarization affect the hydration of Portland cement. Espe-
cially nowadays, when electrically conductive cement composites are
under development, knowledge on how electric fields may affect cement
hydration and the resulting material properties is of paramount impor-
tance. The effect of electric fields on the final material (hardened cement
paste) is also of high interest.

It has been shown that application of alternating current (AC) to the
hardening cement mortar/carbon nanofiber composite causes heating
due to electrical resistance that can be applied to accelerate cement
hardening/hydration [6,7]. Such heating of hardening cement materials
was suggested to be utilized for cementing in permafrost and or at low
temperatures, where freezing of hardening cement-based structures is
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Table 1
Composition of Portland cement class G given by the supplier.
SO3 Free lime Si0, Al,O3 Fe,03 CaO MgO P,0s K20 NaO
wt % 2.01 0.62 21.82 4.00 5.45 63.60 1.57 0.05 0.34 0.29

r__” DC source

Wy U

Fig. 1. Schematic illustration of the experimental setup.

destructive for the construction [8]. In fact the electrical resistance
heating of cement materials (without electrically conductive fillers) as a
way to accelerate curing was proposed already in the 1940s [9].
Compositional and structural differences between the same materials
cured at room temperature and AC treated have been investigated [7]
showing that electrically heated cement contains larger amount of hy-
dration products at early stage as an indication of accelerated hydration.

Ding et al. have shown that electrical polarization of cement-based
piezoelectric composites at the early stage of hardening significantly
affects the structure of the main cement hydration product calcium sil-
icate hydrate (CSH) phase [10,11]. More specifically, the CSH gel
morphology changed from fibrous to ellipsoid after polarization at high
temperatures.

Lavrov et al. applied DC current during hardening of Portland G
cement to engineer cement structure in the vicinity of electrically
conductive pipes [12-14]. They reported significant morphological
changes close to the steel pipes constituting cathode and anode [14].
The morphological changes had an effect on the shear forces between
the steel pipes and the surrounding cement paste matrix [13]. It has been
suggested that combined electrophysical (electrophoresis, electroos-
mosis) and electrochemical (oxidation and reduction reactions) in-
fluences the microstructure of hardened cement pastes close to
electrodes. However, an explanation is still warranted on how the
above-mentioned processes affect cement hydration and what is the
difference in cement hydration products in cement bulk compared to
electrode surfaces. This paper aims on filling in this knowledge gap.

The goal of this work was to characterize Portland G cement hy-
dration products in the vicinity of electrically polarized conductive
surfaces. Two types of surface materials were used in the study: (1) inert
graphite that does not undergo corrosion when anodically polarized and
(2) steel that under electric or galvanic polarization will undergo anodic
corrosion. Scanning Electron Microscopy (SEM) and Energy Dispersive
X-ray Spectroscopy (EDS) were used to characterize the cement hydra-
tion products deposited from diluted cement slurry.

2. Materials and methods
2.1. Preparation of cement suspension

40 g of Portland cement class G from Norcem (Norway) with
composition given by the supplier and presented in Table 1 was mixed
with 240 ml of fluid (2-propanol (VWR) or distilled water). The mixture
was stirred for 3 min using a magnetic stirrer before the electrodes were
immersed in the slurry and the potential was switched on. The aim of
using 2-propanol was two-fold: (1) to avoid cement particles hydration
so that only partitioning of unhydrated cement particles between elec-
trodes take place in electric field (2) to allow only electric field (2-
propanol is a dielectric fluid) and exclude pH changing electrochemical
processes that otherwise occur in water.

2.2. Electrical polarization

Fig. 1 presents a schematic illustration of the experimental setup
consisted of: (1) a beaker with the cement slurry; (2) electrodes (cathode
and anode) made of either graphite or carbon steel; (3) DC power
supply.

The electrodes were immersed in the cement slurry 3 min after the
slurry was prepared. The potential at the DC source was setat 10 V. 10 V
was chosen to ensure that electric field in dielectric fluid as 2-propanol
will be strong enough to allow for the separation of differently charged
particles. The slurry was stirred with a magnetic stirrer for the next 6
min whereafter stirring was turned off so that the particles not adsorbed
at electrodes could settle under gravity. The slurry was left to sediment
under gravity control for the next 2 min. After 8 min (in total) of surface
polarization in the slurry, the potential was switched off and the elec-
trodes were removed from the solution. The excess of the solution
residing at the bottom edge of the electrode was removed. Next the
electrodes with adsorbed particles were cured in air at ambient condi-
tions for 10 h before they were placed in a sealed containers to avoid
further reactions of cement hydration products with CO from air before
SEM and EDS measurements. It is expected that electrode surface and
adsorbed particles drying was relatively quick process (the surface
seemed dry (free for water) already after couple of minutes (2-propanol
drying was even faster). Nevertheless, as carbonation is rather quick
process some carbonation of hydration products before the surface is
completely dry, can not be excluded. Sometimes, to stop hydration
processes solvent exchange is used, i.e. water is exchanged to e.g. an
alcohol. The authors chosen not to expose deposits to alcohols at the end
of water exposure (and instead let the surface dry) to avoid any potential
abrasive forces on the surface that could damage/change deposit
morphology.

2.3. SEM/EDS characterization of hydration products

Electrodes were imaged with a Hitachi S-3400 N SEM instrument in
secondary electron mode, using a voltage of 20 kV and working distance
of 10 mm. No coating or other pre-treatment was applied. All imaging
and mapping were done at the centre of the electrodes for consistency.
Rectangular areas of 0.01 mm? were mapped with an Oxford X-MAX 80
EDS detector and a high-current beam. The summed spectra from the
areas were quantified using Oxford Aztec.

2.4. Powder X-ray diffraction

Powder XRD pattern was collected using D8 Focus diffractometer
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Fig. 2. SEM SE image of the graphite surfaces, anode (+), cathode (-) and the reference surface (R), after removal from the cement dispersion in 2-propanol at two
different magnifications. The smaller magnification images are representative for particle size distribution while the larger magnification images show particle shape.
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Fig. 3. EDS maps showing elemental composition of cement particles residing on graphite surfaces: anode (+), cathode (-) and the reference surface (Ref), after
removal from the cement dispersion in 2-propanol.

from Bruker with a Bragg-Brentano 6-20 geometry and a goniometer ray source. Crystalline phases were identified using DIFFRAC.EVA V4.0
radius of 200.5 mm. The patterns were measured between 3° and 80° 20 software (Bruker).

angle with a step size of 0.012°260 and a sampling time of 0.4 s per step.

Co-Ka radiation with a wavelength of approx. 1.79 A was used as the X-

Table 2
Atomic composition of particles present on electrodes (cathode and anode) as well as the reference sample surface after exposure to cement slurry in 2-propanol after 8
min of polarization at 10 V.

at.% Ca Si Al Fe Mg S Na P Cl K \ Mn Ca/Si
+ 63.99 19.06 4.55 4.09 3.46 2.52 0.89 0.07 0.15 0.64 0.05 0.53 33
ref 63.68 20.34 4.41 4.02 2.83 2.27 1.16 0.00 0.08 0.59 0.07 0.55 31
- 64.05 18.69 4.19 4.44 3.24 2.61 0.89 0.22 0.08 0.71 0.31 0.57 3.4
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Fig. 4. Photography of graphite electrodes: anode (+), cathode (-) and the
reference surface (R) after removal from the cement dispersion in water.

3. Results
3.1. Graphite electrodes in 2-propanol

Fig. 2 presents SEM secondary electron (SE) image of the graphite
surfaces, anode (+), cathode (-) and the graphite reference surface with
no electrical potential applied (Ref), after removal from the cement
dispersion in 2-propanol. The negative electrode attracted the highest
amount of particles while the smallest amount was observed on the
anode. Particles deposited on all the three surfaces had similar
morphology, characteristic for cement particles. All the three electrodes
contained particles down to 0.3 pm and smaller. The largest particles
were deposited on the reference surface. Energy dispersive X-ray spec-
troscopy data shown in Fig. 3 and the atomic composition data shown in
Table 2 suggest that there are no significant compositional differences
between the particles at the three surfaces, since the cement is not hy-
drating nor reacting with 2-propanol.

EDS maps from the three electrodes are shown in Fig. 3. The summed
spectra from the maps were quantified in atomic fraction, as shown in
Table 2. Carbon was deconvoluted from the results as the substrate is
pure carbon. No large differences in particle chemistry were found

20.0kV 10.1mm x2.00k SE

20.0um {1 20.0kV 9.9mm x

Ref

Particle size: <25 um

Ref
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between the three surfaces. Judging by the Ca/Si ratio, most particles
are tricalcium silicate, as expected.

3.2. Graphite electrodes in water

With water as a dispersion medium, the negative electrode attracts
the highest amount of particles, similar to the case of 2-propanol. This
can be observed visually in Fig. 4. SEM images of the surfaces are shown
in Fig. 5, and corresponding EDS maps are shown in Fig. 6, while atomic
composition of particles at electrode surfaces are presented in Table 3.
The particle sizes are similar on the three surfaces (cathode, anode and
reference) but there are significant differences in the morphology and
chemical composition of the particles deposited at the three different
surfaces. The particles deposited at the reference surface had similar
shape to particles deposited from 2-propanol (non-hydrated cement
particles) but in addition there were visible hydration products, in the
form of deposits on the surface of the particles. The presence of large
amounts of non-hydrated Ca3SiOs particles (or hydrated only at the
surface) was confirmed by EDS data (Fig. 7, red circle #3). The deposits
present on the negative electrode (cathode) had a fibrillar form, and
were identified by EDS as calcium hydroxide (the second most abundant
hydration product by mass of Portland G cement after C-S-H) possibly
to some extend carbonated (CaCOs). EDS does not unequivocally
distinguish between calcium hydroxide and calcium carbonate however
the fibrillar rosett morphology may indicate the presence of aragonite
[15-17].The material present at the positive electrode (anode) was
identified as a mixture of calcium sulphate crystals and calcium
hydroxide/calcium carbonate.

3.3. Steel electrodes in water

The most striking difference in adsorption between steel and
graphite electrodes in water is the presence of the largest amount of
deposit at the positive electrode (anode) rather than the negative elec-
trode in case of steel, as seen in Fig. 8. The deposited material is of
greenish colour suggesting the presence of divalent iron compounds.

500um

20.0um 1 20.(

Fig. 5. SEM SE-image of the graphite surfaces, anode (+), cathode (-) and the reference surface (R), after removal from the cement dispersion in water at two
different magnifications. The smaller magnification images are representative for particle size distribution while the larger magnification images show particle shape.
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Fig. 6. EDS maps showing elemental composition of cement particles residing on graphite surfaces anode (+), cathode (-) and the reference surface (Ref), after
removal from the cement dispersion in water.

Table 3
Atomic composition of particles at electrodes (cathode and anode) as well as the reference sample surface after exposure to cement slurry in water after polarization at
10 V.

at.% Ca Si Al Fe Mg S Na P Cl K v Mn Ca/Si
+ 53.15 12.30 3.00 2.78 1.54 21.86 1.35 0.25 0.50 2.25 0.62 0.38 4.35
ref 65.64 18.76 4.35 4.84 2.80 1.91 0.54 0.10 0.05 0.33 0.05 0.62 3.45
- 76.60 12.00 2.52 2.58 1.96 1.13 1.17 0.17 0.06 1.32 0.10 0.39 6.25

+ Ref -

at.% Ca Si Al Fe Mg S Na P cl K \Y Mn |Ca/Si|0O/Ca Phase
H20_plus #1 75.69| 8.73| 2.01| 2.76| 1.07| 6.78| 0.75| 0.03| 0.29| 1.53| 0.20( 0.17 ELr)| BEE Ca(OH), / CaCO,
H20_plus #2 49.47| 4.01| 0.79( 1.68| 0.00|42.02( 0.00| 0.51| 0.12 0.02| 0.44| 0.94| 12.3| 8.39 Caso,
H20_ref #3 71.76(22.08| 1.30| 0.20| 2.26| 0.46| 0.85| 0.35| 0.09| 0.19| 0.05| 0.40 ghz|| 1Ll Ca,Si0g
H20_minus #4 93.15| 4.67| 0.59| 0.08| 0.00( 0.89| 0.00( 0.11| 0.19| 0.12| 0.20| 0.00( 19.9| 3.72 Ca(OH), / CaCO,

Fig. 7. SEM images depicting spots, where the EDS spectrum was collected to identify the particle on anode, reference and cathode surfaces, and chemical
composition characteristic for the highlighted particle based on EDS data.

SEM images in Fig. 9 indicate the presence of scaly precipitate on the
+ Ref N anode surface with embedded particles. On the reference surface cement
" particles with average sizes of around 10-20 pm are present. EDS maps
in Fig. 10 and the atomic content data for the material removed from
steel electrodes shown in Table 4 suggest that similarly to the graphite
electrode, the steel anode surface is rich in sulphur, suggesting an
enrichment of sulphate minerals. The material present on the anode
electrode is also rich in iron. The iron content is very high in respect to
calcium and iron to calcium ratio is significantly higher than in the case
Fig. 8. Photography of steel electrodes: anode (+), cathode (-) and the refer- of graphite anode.

ence surface (Ref) after removal from the cement dispersion in water. The XRD data collected from similar experiments performed with
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9mm x100 SE

Fig. 9. SEM SE image of the steel surfaces, anode (+), cathode (-) and the reference surface (Ref), after removal from the cement dispersion in water at two different
magnifications. The smaller magnification images are representative for particle size distribution while the larger magnification images show particle shape.

Ca Si = Al Mg
- |||||||||||||||||||||||I‘|||||||||||||||||||||||||||||||||||||

-10V
50 pm

Fig. 10. EDS maps showing elemental composition of cement particles residing on steel surfaces anode (+), cathode (-) and the reference surface (Ref), after removal

from the cement dispersion in water.

Table 4

Atomic composition of particles removed from steel electrodes (cathode and
anode) as well as the reference steel surface. As the particles for EDS were
deposited on SiO, wafer O and Si atoms are excluded from calculations.

Atom% Mg Al S Ca Fe
+ 1 2 15 42 40
Ref 0 9 0 87 4
- 2 6 4 81 8

steel pipes immersed in Portland G cement slurry with identical voltage
applied for the same time interval indicate some important differences
in the mineralogical composition of hardened cement paste close to the
electrode surface (see diffraction patterns in Fig. 11). Namely, gypsum is
present in significantly larger quantities at the anode while portlandite is
absent on the anode and present on the reference and the cathode

surfaces. Portlandite is more abundant on the cathode compared to the
reference.

4. Discussion
4.1. Graphite electrodes in 2-propanol

In 2-propanol as a continuous phase of the cement dispersion no
chemical changes to cement particles were expected, thus the particles
were expected to preserve their original shape and composition. Only
physical, electrophoretic processess were expected to affect cement
particles in 2-propanol. The largest amount of particles attracted to the
negatively polarized electrode in 2-propanol, suggesting that larger
amount of cement particles was positively charged in this solvent, and
that the positive particles were attracted to the negative electrode as a
result of electrophoretic attractive forces in the electric field.
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Fig. 11. XRD patterns for cement paste collected from the vicinity of steel
surfaces polarized for 1 h at 10 V during cement hardening. Peaks belonging to
portlandite, gypsum and nonhydrated cement particles are highlighted.

4.2. Graphite electrodes in water

In aqueous solution as a cement dispersion medium, not only phys-
ical electrophoretic phenomena are expected but also chemical and
electrochemical reactions. One of the chemical processess occurring in
water will be cement hydration reactions. On the other hand, electro-
chemical reactions associated with water splitting will take place at the
applied potential. At the anode oxygen production takes place according
to equation (1). This reaction is associated with local decrease of pH
close to the anode surface due to simultaneous hydronium production.
On the cathode, hydrogen gas is produced according to equation (2).
This reaction is associated with local pH increase as co-products of the
reaction at cathode are hydroxide ions [18-20].

6H,0-0; (o) + 4H;0" + de” (€))
Hzo + 2e — H2(g) + 20H™ (2)

The local pH changes close to electrodes together with electropho-
retic phenomena were expected to affect cement hydration close to
graphite surfaces.

Indeed a significant difference in the (1) amount of adsorbed cement
particles; (2) morphology of the hydration products and (3) chemical
composition of the hydration products was observed between cathode,
anode and the reference surface. A large amount of adsorbed material at
the cathode (negative electrode) may suggest that large number of
cement particles and/or their hydration products had positive surface
charge. The adsorption on the graphite anode was significantly limited
compared to the cathode and the reference graphite surfaces. This can be

Cement and Concrete Composites 134 (2022) 104792

associated with the retractive Coulomb forces established between
positively charged anode surface and also positively charged cement
particles. The acidic environment close to the anode can contribute to
dissolution of cement particles and hydration products. It is well
established that acidic conditions are degenerative for Portland cement
materials [21,22].

The most significant differences in chemical composition between
the three graphite surfaces in water found based on EDS analysis (Fig. 7)
are: (1) the presence of large amounts of calcium sulphate on the anode
surface as well as (2) domination of calcium hydroxide and/or calcium
carbonate at the cathode. The carbonation is a rather quick process in air
and humid conditions [23], thus the presence of carbonate will be a
consequence of carbonation reactions undergoing upon sample drying
after cathode removal from the solution.

The presence of calcium hydroxide (later carbonated) at the cathode
is likely a result of two phenomena: (1) electrophoresis: positively
charged calcium cations migrate towards a negative electrode (cathode)
[24] where their concentration increases; and (2) electrolysis: hydroxide
ions are produced at the cathode contributing to pH increase. The large
amount of calcium cations and hydroxide ions close to cathode result in
faster precipitation of calcium hydroxide compared to the reference
surface where cement hydration undergoes without being perturbed by
electric field and electrolytic reactions. The evidence of similar effects
have been previously reported by Lavrov et al. [13] who observed dif-
ferences in push-out strengths for the electrically polarized and
non-polarized steel pipes embedded in Portland G cement paste. Lavrov
et al. suggested a hypothesis that portlandite (Ca(OH)) is preferentially
deposited close to the cathode, and this work supplies experimental
evidence supporting this hypothesis.

The anode (positive electrode) attracts anions present in the solution
[24]. There are two types of anions that are most abundant in cement
slurry: hydroxide ions (OH™) and sulphate ions (SO%’). These will
migrate towards the anode and their concentration will be increased
compared to the reference surface. While hydroxide ions will be (at least
partially) neutralized by hydronium ions (produced at anode as a result
of water electrolysis), the sulphate ions will react with calcium forming
calcium sulphate (CaSO4, gypsum).

The presence of both calcium sulphate and calcium hydroxide at the
anode surface suggests that not all hydroxide ions were neutralized, but
also contribute to the formation of calcium hydroxide. It must be
emphasized that the concentration of hydroxide ions in cement slurry is
very high, contributing to pH values of 12-13 [25,26]. Water to cement
ratio in such slurries ranges typically between 0.4 and 0.6 while in our
case w/c was very high i.e. 6. This high w/c ratio may imply lower pH
than 13 but it is still highly alkaline since the equilibrium pH of solid
calcium hydroxide is 12.5. Indeed the pH measurements indicated that
pH was 12.42.

4.3. Steel electrodes in water

Similar processess as described for graphite electrodes will take place
in case of steel electrodes in alkaline solution [27]. In addition carbon
steel will undergo corrosion under anodic polarization at the high po-
tentials used here. The presence of green deposits on the steel anode
surface suggests the presence of steel corrosion products. In corrosion
chemistry there exist a term "Green rust". The term encompasses various
green chemical compounds being a corrosion products of divalent iron
containing materials. From chemical point of view, the green rust
contain iron (II)) cations and it may contain: hydroxide (OH™) carbonate
(CO%’), chloride (Cl7), or sulphate (SO?{) anions depending on their
availability [28]. In the cement slurry one can expect mainly hydroxide
and sulphate anions although chloride and carbonate ions may also be
present in smaller amounts (less than 0.1%). It is thus highly likely that
the green rust may be formed close to the anode, in the direction of
which, the anions from cement slurry migrate in the electric field. Lay
et al. reported that the Fe(O)OH colloids (a product of reaction between
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Fig. 12. Schematic representation of cement hydration in electric field between a) graphite electrodes, b) steel electrodes. In case of steel electrodes similar
processess as for graphite are expected but for simplicity only phenomena specific for steel are illustrated in Figure b. (GR="green rust" which is steel corro-

sion product).

ferric iron and water at alkaline conditions) in the presence of sulphate
and hydroxide ions show negative zeta potential [29]. On the other
hand, cement particles are slightly positively charged which is man-
ifested in their significantly stronger adsorption on the negative elec-
trode. Slightly positive zeta potential of cement particles is also in line
with findings reported by others [30] although both positive and
negative zeta potentials for Portland cement particles in aqueous sus-
pensions has previously been reported [30-32].

Given the opposite zeta potential of steel corrosion products and
cement particles, coagulation in the system can be expected. The large
amount of the material adsorbed on the steel anode surface was thus
most likely a coagulation product. Fig. 12 depicts schematically the
above described phenomena undergoing on steel anode.

The electric field affects abundance of minerals close to the electri-
cally polarized surfaces. The presence of large amounts of calcium sul-
phate (gypsum) close to anode and larger than in cement bulk amounts
of calcium hydroxide may affect setting time, material shrinkage as well
as resulting material properties like e.g. porosity, permeability etc.

Gypsum is known as a retarding agent of cement setting time [33].
During hydration gypsum reacts with C3A to generate calcium sulfoa-
luminate hydrate (ettringite) which forms a protecting film on the
cement particles that hinders the hydration of C3A and delay the setting
time of cement. On the other hand, too much gypsum may accelerate the
setting of cement because gypsum can generate a coagulating agent
[33]. The appropriate amount of gypsum depends on the content of C3A
in the cement. The large gypsum content may contribute to lower me-
chanical strength of cement and may cause expansion that may lead to
mechanical destruction of cement paste [33].

On the other hand larger amount of calcium hydroxide will accel-
erate Portland cement early hydration. As a result the early-age strength
of cement is increased but later the strength may be adversely affected.
Whether or not the later reduction in strength will take place is depend
on the cement chemistry, fineness, and presence of siliceous additives
like e.g. fly ash.

5. Conclusions

Scanning electron microscopy and energy dispersive X-ray spec-
troscopy were used to image differences in cement hydration products
close to electrically polarized surfaces of graphite and steel. The hy-
dration products present on anode, cathode and the reference surfaces
have different structure and atomic composition.

The surface of the graphite anode was abundant in calcium sulphate
while the surface of the cathode was almost exclusively covered in
calcium hydroxide in addition to calcium silicate hydrate. It has been
suggested that the occurrence of large amounts of sulphates close to the
anode and calcium close to cathode is due to electrophoretic transport of

sulphate and calcium ions towards oppositely charged electrodes. The
results for steel electrodes were similar, but in addition, electrochemi-
cally induced corrosion on the anode contributed to strong coagulation
processes between corrosion products and oppositely charged cement
particles.

The compositional changes undergoing in an electric field will affect
structure and properties of the resulting materials.

It is likely that similar phenomena may undergo close to the surface
of electrically polarized conductive micro and nano-sized fillers in
cement composite materials which may allow for new engineering
possibilities of these materials.
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