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The Effect of Sulfate on the Electrical Properties of Cement Pastes
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Abstract: Exposure conditions significantly affect the resistance of cement to sulfate attack. This article
investigates the effect of sulfate on electrical conductivity of ordinary Portland cement (OPC). Cement paste
specimens were prepared according to water/cement (W/C) ratio equal 0.25 either free of sodium sulfate or its
addition with concentrations of 5000ppm, 10000ppm and 15000ppm by weight. This study showed that the
changes in the electrical conductivity reflect the physical and chemical changes in the cement paste and can
be used to monitor the setting.
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INTRODUCTION forth under the action of the alternating electric field has

Chemical attack by aggressive sodium sulfate is one polarization mechanism only operative over a particular
of the factors responsible for damaging cement pastes. frequency band. For the present study, only a single
Frequently, it is the presence of sulfate ions in that frequency is employed 200 KHz, the nature of the material
cement paste that accounts for its aggressive behavior to tested, the dipole and double-layer polarization
cement paste matrix. This aggressive behavior increases mechanisms will predominate as these, are low frequency
with increasing sulfate ions in the cement paste can enter polarization mechanism [4].
into  deleterious  chemical  reactions  with sulfate [1].
These sulfate ions would be enough to be potentially MATERIALS AND METHODS
damaging to Portland cement paste and the results offer
a new insight into how damage is caused by sodium Materials: The cement paste specimens were prepared by
sulfate in natural geological and archaeological one [2]. mixing the ordinary Portland cement paste (OPC) with

The effect of concrete by sulfates attack of an sodium sulfate salt due to the ratio 5,000ppm, 10,000ppm
external source is commonly observed durability problem and  15,000ppm  by  weights.  The water cement ratio
in concrete structures exposed to sea water, soils or (W/C) was 0.25. After mixing with water the cement paste
groundwater containing high concentrations of sulfate was caste in cylinders of 6.5 cm diameter and 2 cm height
ions. This durability problem, also known as sulfate [5].
attack, occurs after a series of chemical reactions between For conductivity measurements, the test cell was
sulfate ions, cement paste and moisture [3]. coaxial type including concentric inner and outer

The electrical properties of cement pastes and its electrodes mounted on insulated base. The electrodes
effect by the different concentrations of (Na)  SO were were polished before the experiment and the cell was kept2 4

studied to clarify its physical performance during the in desiccators at 100% relative humidity during the test
hydration process. When an electric field is applied on a period [6]. The measurements began exactly, three
material such as cement paste. Some ions are free to drift minutes after the first contact with water, this the zero time
through the material and discharge at the electrodes, of test. Electrodes were hooked to an automatic R-L-C
producing a conduction effect. Other charges, which are bridge PM 6304 PHILIPS for resistance measurements
bound the particle surfaces, whilst not free to drift from between the electrodes over the hydration stages of
one electrode to the other, are able to oscillate back and setting and hardening [7].

a profound influence upon polarization, with a certain
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Specimen Preparation: The cement paste was prepared sulfate. It is clear that, the electrical conductivity shows
by mixing cement with water, water - cement ratio (0.25%). an initial stage of hydration leading to first peak. Later the
Sodium sulfate salt is adding by 5000ppm, 10000ppm and electrical conductivity increases; reaching a second peak,
15000ppm. The cement paste was poured into the molds followed by a decrease in the electrical conductivity [10].
that were vibrated on a vibrating table to remove the This behavior is clear in the neat cement sample and
entrapped air [8]. the concentration of 5,000ppm. But in the concentration

Experimental Program: The electrical properties of varies gradually with the time of hydration followed by a
cement pastes and its effect by the different decrease in the conductivity at a certain time of hydration
concentrations of (Na)  SO  were studied to clarify its depending on the concentration of sodium sulfate in2 4

physical performance during the hydration process. cement paste. The increase of electrical conductivity in
When an electric field is applied on a material such as the initial stage of hydration is due to the increase of ionic
cement paste, some ions are free to drift through the concentration, mobility of ions and the increase of
material and discharge at the electrodes, producing a temperature  is  caused  by  the exothermic reaction of
conduction effect. Other charges, which are bound to the [Na , K , Ca , SO  and OH ] and the increase of
particle surfaces, Whilst not free to drift from one temperature which is caused by the exothermic reaction of
electrode to the other, are able to oscillate back and forth OPC. So the high values of conductivity would be
under the action of the alternating electric field has a indicative of the hydration process and these values
profound influence upon polarization, with a certain increase with increasing of sodium sulfate concentration
polarization mechanism only operative over a particular in cement paste in the first stage of hydration and is due
frequency band. For the present study, only a single to the structure of fresh cement paste. Typically, 40% of
frequency is employed 200 KHz, the nature of the material fresh paste is composed of solids and 60% aqueous
tested, the dipole and double-layer polarization solution, by absolute volume [4].
mechanisms will predominate as these, are low-frequency The network of closely spaced dissect particles ions
polarization mechanism [8]. in an aqueous solution, may be regarded as the primary

The electrical conductivity originates from the structure  of  the  different  samples  from cement paste,
migration of change carries in the applied electric field.
The presence of the electrode-fluid junctions gives rise to
an additional polarization that limits the diffusive motion
of the carriers. For measuring the electrical conductivity
for different cement samples containing different
concentrations of sodium sulfate 5,000ppm, 10,000ppm
and 15,000ppm, as well as the neat cement paste as a
reference sample. The electrical properties were measured
by  using  two  polished  electrodes and the cell was kept
in desiccators 100% relative humidity during the test
period.  The  effect of the concentration of (Na)  SO  on2 4

the  electrical  conductivity  of  the  cement  pastes  [9].
The scanning electron microscope (SEM) measurements
is the studying of surface morphology of the cement
pastes containing different concentrations of sodium
sulfate, the samples mounted on metallic holders by using
silver  paste  and  then  coated  by  a  thin  film  of  gold
by  sputtering  evaporator,  then   examined   by  scanning
electron microscope JED-2300. 15KV accelerated voltage
and probe current 1.0000nA.

RESULTS AND DISCUSSION

Figure (1) illustrates the electrical conductivity of
cement pastes with different concentrations of sodium

of 10,000ppm and 15,000ppm, the electrical conductivity

+ + ++ -- -
4

but the increase of electrical conductivity in the second
peak is due to the transformation of ettringite into the
mono sulfate hydrate as well as the osmotic pressure
development around cement grains [7].

The gradual decrease in electrical conductivity after
the first peak may be due to the formation of a thin layer
from cement gel around the cement grains. These thin
layers consist of an electrical double layer of adsorbed
calcium and counter ions as well as the formation of
cement hydrate. The decrease in electrical conductivity at
the later stage of hydration is due to the formation and
subsequent accumulation of cement hydrates.

Figure (2) shows the rate of increase of electrical
conductivity versus the sodium sulfate concentration.
Obviously, it is clear that the electrical conductivity
increases as the sodium sulfate concentration increases.
The relativity high values of conductivity is almost
entirely due to the presence of , SO , OH , K  and Ca+ - - + ++

4

ions in the pore water [11].
It is also due to the rate of transformation of ettringite

into monosulfate hydrates as well as the osmotic pressure
development around cement grains.

The expansion in the different samples increases and
the ions in free water become more easily free to move
[12].
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Fig. 1: The variation of electrical conductivity of cement ionic flow. During the first six hours, the effective length
paste samples with time (pathways) decreased; this must mean that the

Fig. 2: The dependence of the electric conductivity on in the different samples of cement paste [10].
the concentration of sodium sulfate in cement
paste samples For a better comprehension of the setting process it

Fig. 3: The variation of the conductivity for different paste and the temperature of the system [9].
cement paste samples with the hydration time As outlined above since definite chemical and

Figure (3) demonstrate the relation between the The C  S, C  S and CH phase in the samples could have
electrical conductivity of the cement paste with different the greatest effect on the electrical conductivity.
concentration of sodium sulfate versus the hydration The images for cement pastes with different
time. For neat cement paste and the sample which contain concentrations of sodium sulfate, it appears the micro
5,000ppm of sodium sulfate the increase is very small cracks in the structure. The cracks is increased with the
when compared to 10,000ppm and 15,000ppm. This is higher concentrations of sodium sulfate in the samples
attributed to the cement paste at this stage suffers from an due to gypsum formation expansion which would be
intense crystal formation accompanied by crystal bonding related to a volume increase upon the transformation of
formation with a strong crystalline network [13]. On the solid calcium hydroxide to gypsum upon reaction with
other hand the conductivity of the cement paste which sulfate ions.

contains a different concentration of sodium sulfate
increases with increasing polyelectrolyte content. The net
effect in the mixes is therefore hardly predictable although
a general tendency to increase is observed with
increasing the additive concentration [14].

Also the conductivity starts to decrease markedly at
the beginning of gel formation due to the reduction of the
free water and to diminution and segmentation of the
capillary pores, which are the principle pathways for the

conductivity is increased. At the early stage the ionic
concentration increases i.e. the ionic conduction is high.
The effective length is decreased and reaching to a
minimum at setting time, the ionic conduction paths
through the different cement paste samples were
becoming more easily and therefore the effective length is
decreased [13]. The decrease in the conductivity of the
stared specimens will result from two sources:

A reduction in connected capillary porosity due to a
refinement in the pore structure.
Changes in ionic concentration within the pore fluid

is easy to explain various phenomena connected with the
transition of the system from an open (connected)
porosity to a closed (segmented) one. It is expected that
such a transition will be accompanied by an abrupt
decrease of conductivity because the charge carriers can
only migrate through the capillary pore of the cement
paste [12].

The electrical conductivity of the different samples of
cement paste will be dependent upon, for example,
changes in the physical state of water and ionic
concentration within the gauging water, the ease with
which dipoles and polar molecules can move within the

structural changes in the measured electrical conductivity.
3 2



World Appl. Sci. J., 19 (7): 957-961, 2012

960

Neat cement 5,000ppm

10,000ppm 15,000ppm

Fig. 4: SEM micrographs of neat cement and sodium sulfate cement pastes

Fig. 5: XRD pattern of neat cement and sodium sulfate cement pastes
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Figure (5) demonstrate the XRD patterns of cement 3. Salah  U.  Al- Dulaijan, 2007. Sulfate resistance of
and sodium sulfate cement pastes. X- Ray diffract gram of plain and blended cements exposed to magnesium
the neat cement paste sample indicates that the less have sulfate solutions, Construction and Building
hydrated product as well as unhydrated cement grains. Materials, 21: 1792-1802.
The latter being mainly Alite (C  S) and Belite ( C  S) can 4. Sahmaran, M., T.K. Erdem and I.O. Yaman, I2007.3 2

be identified as well as ill-crystallized calcium silicate Sulfate resistance of plain and blended cements
hydrates (CSH), which partially covered the unhydrated exposed to wetting-drying and heating-cooling
cement grains. Also, a few numbers of ettringite needles environments, Construction and Building Materials,
can be detected [14]. But the presence of sulfate salt in 21: 1771-1778.
cement paste samples would lead to increase the 5. Sideris, K.K., A.E. Savva and J. Papayianni, 2006.
formation of CH during the hydration time process [15]. Sulfate resistance and carbonation of plain and

CONCLUSION 28: 47-56.

Chemical attack by aggressive sodium sulfate is one resistance of high performance concrete. Cement and
of the factors responsible for damaging cement pastes. Concrete Composites, 25: 363-369.
Frequently, it is the presence of sulfate ions in that 7. Skalany, J., J. Marchand and I. Older, 2003. Sulfate
cement paste that accounts for its aggressive behavior to attack on concrete, Span press, Taylor and Francis -
cement paste matrix. This aggressive increase with Library.
increasing sulfate ions in the cement paste, because 8. Ramyar, K. and G. Inan, 2007. Sodium sulfate attack
certain constituents of the cement paste can enter into on plain and blended cements. Building and
deleterious chemical reactions with sulfate. These sulfate Environment, 42: 1368-1372.
ions would be enough to be potentially damaging to 9. Verbeck, G. and L.E. Copeland, 1972. Some physical
Portland cement paste and the result offer a new insight and chemical Aspects of high- pressure steam curing.
into how damage is caused by sodium sulfate in natural Menzel symposium on High Pressure Steam - curing.
geological and archaeological one. SP-32, American Concrete Institute. Detroit, pp: 1-13.

The electrical conductivity of the cement paste is 10. Careter, W.J. and P.N. Curan, 1984. "The electrical
dependent upon e.g., changes in the physical state of Response Characteristic of setting cement paste"
water and ionic concentration within the gauge in water, Magazine of concrete Research, 36(126): 42-49.
the ease with which dipoles and polar molecules can move 11. Taylor, H.F.W., 1992. Chemistry of cements.
within the past, the degree of association of charges with Academic press, London, pp: 362-365.
the grain surfaces and the temperature of the system. 12. Taylor, M.A. and K. Arulanandan, 1974.
Also it can be noticed that by electrical means it is "Relationships between Electrical and physical
possible to monitor slow processes such consolidation of properties  of  cement  pastes".  Cement   Conc.  Res.,
reading retarding setting cements depending on the 4: 881-897.
concentration of sodium sulfate on cement paste samples. 13. Monfor, G.E., 1968. The electrical Resistivity of
Also the electrical parameters show a transition, concrete". Journal of the PCA Research and
corresponding to this consolidation of the mix, which development Laboratories, 10: 35.
could be attributed to the abrupt diminution of the amount 14. Hekal,  E.E.,  M.  El-Khalek, G.M. Abd El-Shafy and
of macroscopic capillary pores. F.S. Hashem, 1997. First international symposium on
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