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Hydration processes of cement paste-an EPR study
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ABSTRACT

The present works reports the hydration processes of Portland cement through Electron
paramagnetic resonance study. Cement pastes in a Water to cement ratio (W/C) of 0.4 at different
hydration time intervals have been prepared. The g-factor of Fe(lll) and Mn(ll) impurities at different
hydration ages has been related to changes in setting time of cement. Both g, and g,, values are
reach a maximum values at final setting time of OPC paste.
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INTRODUCTION

EPR is a non-destructive standard method
which enables a quick and very sensitive
measurement of paramagnetic radicals in solids and
gives unambiguous information about the valence
state and site symmetry. This has been successfully
applied to hydration of cement paste and observes
the behaviors of Fe(lll), Fe(ll) and Mn(ll) ions. The
hydration mechanism of cement paste was
explained by number of author’s using Fourier
Transform Spectroscopy, Scanning Electron
Microscopy, Differential Thermal Analysis, g-ray
Spectrometry, Dielectric and Electrical conductivity
measurements'®. Lubomir lapcik and Zdenek
simek® measured X-range electron paramagnetic
resonance spectra of dry cements and reported that
the configuration of iron ions is mainly in Fe(lll)
oxidation state in distorted octahedral and purely
tetragonal symmetry of the surrounding ligands.
According to Bruckner et al.,” reported that in
addition to oxygen the internal cement components
Fe(lll) and Mn(lll) act as oxidizing agents being
reduced to Fe(ll) and Mn(ll) ions respectively. In
the present study, the authors’ reports EPR study
on cement paste hydrated with different intervals
of time.

MATERIALS AND EXPERIMENTAL

In the present study commercial Ordinary
Portland cement was used. Cement is subjected to
the chemical analysis using standard procedure and
found in percent as follows; CaO; 63.32, SiO,;
21.70, Al,Q,; 5.40, Fe,O,; 3.40, MgO; 2.69, SO;

2.70, MnO; 0.02, Loss on ignition; 0.79.

Cement nomenclature: C = CaO; S=SiO,;
H=H,0; C,S = 3Ca0.Si0,; C,S = 2Ca0.Si0,; C,A
= 3Ca0.ALO,; CAF = 4Ca0.Al,0,.Fe,0O,; CH =

Ca(OH),
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Initial setting time and final setting time has
been measured on OPC paste in a water to cement
ratio of 0.4 [8]. The initial setting time of cement
paste is 5 hours 05 minutes and the final setting
time of cement paste is 6 hours 50 minutes.
Compressive strength of the cement mortar at
different curing periods (1 day , 4 days, 2 weeks
and 8 weeks) were determined in a water to cement
ratio of 0.4 [8] and reported in Fig 1.

EPR measurements were made using a
JEOL JES-TE 100 ESR Spectrometer at the EPR
Laboratory, Pondicherry University, Puducherry.
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Measurements were conducted on 100mg
powdered samples at room temperature with X-
band frequencies, having a 100 KHz field
modulation. The magnetic field is accurate to +0.05
mT and the frequency to +0.00005 GHz. The g-
value is main key parameter in identifying
paramagnetic results in a particular symmetry.

In this investigation, OPC paste was
prepared in a water to cement ratio (W/C) of 0.4.
The samples were thoroughly mixed using glass
rod for two minutes and then allowed to hydrate in
air-tight plastic containers. The hydrations were
stopped at different time intervals viz., 15 minutes,
2 hours, 4 hours, 6 hours, Final set (6hours. 50
minutes), 1 day, 4 days, 2 weeks and 8 weeks by a
consecutive soaking in acetone. To remove water
content the hydrated pastes were oven dried at
105°C for 1 hour [9]. The samples hydrated for more
than 1 day were cured properly. The dried samples
were powdered using agate mortar and stored in
desiccators and using for EPR study.

RESULTS AND DISCUSSION

The EPR spectrum of anhydrous cement
is shown in Fig 2(a). The spectrum of anhydrous
cement showing that mainly iron ions and
manganese ions. Iron and manganese ions are
occurring in the state of Fe(lll) and Mn(ll). It has
the same electronic structure of the valence
electronic layer of 3d®. The presence of an unpaired
electron in the electronic structure of these elements
is causing their paramagnetic properties, the
configuration of iron ions is mainly in Fe(lll) oxidation
state in distorted octahedral and purely tetragonal
symmetry of the surrounding ligands. The spin
Hamiltonian parameters of g-factors values was
calculated by using the formula nv = gu,B. Where h
is plank’s constant, B is a vector of induction of the
external magnetic field, p, is the Bohr magneton
and v is the frequency. The g-factor of anhydrous
cement is g, = 4.13 and g,, = 2.14. These values
are good agreement with the previous literature ©.
The g-factor gives us information about the
paramagnetic centers of electron structure. The
anhydrous cement of g-values can be proposed
distorted octahedral and purely surrounding ligands
around the central atom®'". An identical observation
was reported earlier in glasses'®. According to

Gopalakrishnan & Govindarajan, Mat. Sci. Res. India, Vol. 7(1), 215-219 (2010)

Vladimir Vasyukov et al., '® assume that the g-factor
of Mn = 2 corresponding to a center for with the low
symmetry component of the crystalline field is much
less than the zeeman energy and the g-factor of
Fe = 4 corresponds to center for which the low
symmetry components of the crystalline field is
much larger than the zeeman energy.

The EPR spectra of hydrated cement
pastes of various hydration time intervals are shown
in Fig. 2 (b-j) and the corresponding g- factor values
are shown in Figs. 3 and 4.

When the cement comes in contact with
water, the hydration of cement proceeds both inward
and outward in the sense that the hydration products
get deposited on the outer periphery and the
nucleus of the an hydrated cement inside gets
gradually diminished in volume. C A and C AF are
responsible for the setting of cement. Aluminate and
ferrite phases contain high amount of iron and also
the miner elements soluted in the structure.
Ettringite is the first hydration products in cement.
Ettringite is produced through the consumption of
gypsum by C,AF. When the C,AF consumption of
gypsum continuous beyond a certain time point,
monosulphate is produced. Monosulphate contains
more Fe(lll). The reaction of C_A and C,AF can be
represented by the following manner:

C,A + 3CH, +26H — C,ASH,, ... (1)

Tricalcium Gypsum Water Ettringite aluminate

C,AF +3CSH, +29H — C;(AF)SH,, +(AF)H,
(2)

Tetra calcium Gypsum  Water Ettringite
Aluminoferrite aluminoferrite hydrate

All the iron-rich elements reflect strong
paramagnetism. This process continues upto the
Final setting of cement (6 hours: 50 minutes). In
this hydrated periods of g-factors are g, = 4.18
and g,, = 2.25. This is due to Fe(lll) species gives
effective g-values and a broad line distributed over
the whole range of spectrum. The broad signal is
attributed to magnetically ordered Fe-O-Fe species
with Ferri-Ferro, or anti ferromagnetic behaviour 7.
The high g, (=4.19) value of the OPC paste caused
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Fig. 1: Compressive strength of OPC mortar at different curing periods
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Fig. 2: EPR spectra of (a) anhydrous OPC (Frequency = 9.39638 GHz) and OPC paste
hydrated with (b) 15 minutes (Frequency = 9.39743 GHz) (c) 2 hours (Frequency = 9.38732 GHz)
(d) 4 hours (Frequency = 9.37644 GHz) (e) 6 hours (Frequency = 9.39565 GHz) (f) Final set
(Frequency = 9.39673 GHz) (g) 1 day (Frequency = 9.39531 GHz ) (h) 4 days (Frequency =
9.39431 GHz ) (i) 2weeks ( Frequency = 9.39661 GHz) (j) 8 weeks (Frequency = 9.39621 GHz)
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Fig. 3: g., of OPC paste at various hydration time intervals
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Fig. 4. g,,, of OPC paste at various hydration time intervals

by Fe(lll) ions in sites of strong rhombic
distortion” ""* The high values of the g, factor
components of the high field spectrum are caused
by Fe(lll) ions with small zero field splitting in a highly
symmetric surrounding . They are octahedral
coordinated by oxygen and located in the ferrite
phase of the cement paste. After setting of cement
paste, the Ca?* concentration reaches the saturation
level and the crystallization of calcium hydroxide
and C-S-H gel are formed™. The availability of ions
and water is lower. C,A and C,AF reactions are
dominant. Hence after the setting of cement paste
the g-factor of Fe and Mn values are gradually
decreased. Because Fe(lll) and Mn(ll) ions are
responsible for the hardening of the main silicate
component. It is due to mobility of particular silicate
aggregate is reflected in the vigorous changes in
polycrystalline quasi-isotropic character of electron
paramagnetic spectra of Fe(lll), Fe(lll) ions to the
anisotropic’. The decreased g-factor values reflect
the structural changes of Fe(lll) ions to Fe(ll) ions.
This structural change is affected the Spin
Hamiltonian parameters™. This process continued

up to 4 days of hydrated cement pastes. At 2 weeks
hydration period C,S and C,S react with water to
form strong hydrated mass. The reaction of C.S
and C,S can be represented by the following
manner’;

2(3Ca0.Si0,) + 6H,0— 3Ca0.2Si0,.3H,0 +
3Ca(OH), (3)

Tricalcium silicate  water C-S-H Calcium hydroxide
2(2Ca0.8Si0,) + 4H,0—»3Ca0.2Si0,.3H,0 +
Ca(OH), (4)

Dicalcium silicate water C-S-H Calcium hydroxide

The availability of Fe* ions and Mn?* ions
are reduced and hence the g-factor values are
decreases for advance hydration period.

CONCLUSIONS

The following conclusions can be drawn
based on the experimental study
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The present work reports that the EPR study
on the cement paste mixed with ground
water corroborates with results obtained from
the setting time and compressive strength
measurements.

EPR is a good tool to detect very small
concentration s of Fe(lll) and Mn(ll) ions
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