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ABSTRACT 

The dielectric permittivity of cementitious materials during 24 hours hydration period at a frequency of 2.45 GHz using 
a network analyzer with open-ended probe technique was measured. Influences of water-to-cementitious ratios, cement 
types, pozzolans and aggregate types are taken into consideration. The results show that dielectric permittivity is 
strongly affected by initial water-to-cementitious ratio and the rate of hydration reaction which can be changed by fine-
ness of cement (Types 1 and 3), pozzolan materials and aggregates (river sand with/without crushed limestone rock). 
Dielectric permittivity is relatively high and remains constant during the dormant period, after that it decreases rapidly 
when the hydration reaction resumes and continues to decrease during the acceleratory period. 
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1. Introduction 

Microwave energy has been widely used as an innovative 
material processing for various industrial dielectric mate-
rials such as paper, wood, etc. Basically, microwave ra-
diation interacts with the materials through dielectric 
permittivity resulting in rapid heating. Consequently, 
dipole interaction and heat generation will take place 
within dielectric materials which are composed of polar 
molecules [1]. 

Can microwave energy be applied to cure cementitious 
materials? The answer based on theoretical feasibility, is 
yes. Many research groups [1] have investigated, both 
experimentally and numerically, the accelerated curing of 
cements in order to gain high strength [2]. However, the 
actual number of successes has been very limited. A rea-
son for this is lack of understanding of the behavior of 
dielectric permittivity of cement-based materials which, 
in fact, are greatly affected by temperature, free moisture 
content and hydration time. In particular, during the first 
24 hours of hydration, it is critical to determine optimum 
conditions for high performance curing of the cementi-
tious materials using microwave energy [3]. 

In this paper, the dielectric permittivity of cement- 
based materials during the initial period of hydration at 
2.45 GHz has been investigated by using a network ana-
lyzer with an openended probe technique based on the 
influences of water-to-cementitious ratios, cement types, 

pozzolan materials and aggregates.  

2. Experiments 

2.1. Specimen Preparation 

Three groups of 117 specimens having a cubical shape in 
size of 55 × 55 × 110 mm3 were tested for dielectric per-
mittivity, temperature rise and setting time, They were 
made from Types 1 and 3 Portland cements in accor-
dance with the ASTM C150 [4] pulverized fuel ash in a 
class of low calcium (Type F) in accordance with the 
ASTM C 618 [4], and silica fume in accordance with the 
ASTM C1240 [4]. River sand (FM. = 2.58) and crushed 
limestone rock (Max. Size = 10 mm), having a grade 
conforming with the ASTM C33 [4], were mixed with 
tap water to from pastes, mortars and concretes with 
various proportions, as shown in Table 1. Superplasti- 
cizer conforming to the ASTM C494 [4] was used in a 
recommended dosage (500 ml per 100 kg of cementitious 
materials). 

2.2. Test Procedures 

For measuring dielectric permittivity of cementitious 
materials in the range of 2.45 GHz, a network analyzer 
with open-ended coaxial probe [5] was used. After mix- 
ing and placing into the mold, it was then wrapped by 
Styrofoam with 5 mm in thickness in order to protect the   
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Table 1. Mixing proportions of pastes, mortars and concretes. 

Material constitutes (air content designed = 1%) 
Mix symbol W/C A/C Cement 

(kg/m3) 
Pulverized fuel ash 

(kg/m3) 
Silica fume

(kg/m3) 
Water

(kg/m3)
Super plasticizer 

(L/m3) 
Sand 

(kg/m3) 
Lime stone

(kg/m3) 

CP1_0.38 0.38 0 1417 0 0 538 0 0 0 

CP1_0.45 0.45 0 1290 0 0 579 0 0 0 

CP1_0.70 0.70 0 973 0 0 679 0 0 0 

CP3_0.38 0.45 0 1419 0 0 539 0 0 0 

CP1_0.38SF25 0.38 0 1018 0 337 512 0 0 0 

CP1_0.38PFA25 0.38 0 998 335 0 507 0 0 0 

M1_0.38 0.38 2.75 561 0 0 212 0 1546 0 

M3_0.38 0.38 2.75 561 0 0 212 0 1546 0 

M1_0.38SUPS2.75 0.38 2.75 561 0 0 207 5.610 1544 0 

M3_0.38SUPS2.75 0.38 2.75 561 0 0 207 5.610 1543 0 

C1_0.38SUP 0.38 4.33 425 0 0 160 3.400 805 1030 

C1_0.45SUP 0.45 4.14 425 0 0 189 3.400 771 985 

C1_0.70SUP 0.70 3.48 425 0 0 296 3.400 642 830 

Remarks: CP, M and C represent cement paste, mortar and concrete, respectively. 1 and 3 represent Types of Portland cement. 0.38, 0.45 and 0.70 represent 
water-to-cementitious materials (cement/Pulverized fuel ash/Silica fume). SF and PFA represent silica fume and pulverized fuel ash, respectively. SUP repre-
sents superplasticizer, and 2.75, 4.33, 4.14 and 3.48 represent aggregate-to-cementitious ratio. 

 
heat loss. Both dielectric permittivity and semi-adiabatic 
temperature using data logger with thermo-couple (Type 
K) were simultaneously recorded every 180 and 15 min-
utes, respectively. However, in order to eliminate the 
effect of thermo-couple embedded in microwave radia-
tion, we tested separately three specimens for dielectric 
permittivity and three for temperature rise. Furthermore, 
the setting time of pastes, mortars and concretes were 
tested by Vicat needle, modified Vicat needle and pene-
tration resistance in accordance with the ASTM C191 [4], 
ASTM C807 [4], and ASTM C403 [4], respectively. 

3. Results and Discussion 

3.1. Effect of Water-To-Cementitious Materials 

Figure 1 shows the evolution of dielectric permittivity 
and simultaneous temperature rise of concretes. It can be 
observed that the dielectric permittivity at the initial 
stage is relatively high in comparison with the later stage, 
and also increases with the increasing water content 
(higher w/c) in the concrete. This is due to the fact that 
immediately after the contact between water and cement 
they start to react and then dissolve Ca2+, OH− and 2

4SO   
ions into the system. In addition, during the dormant pe-
riod, the dielectric permittivity changes very little be-
cause the chemical compositions of the aqueous remains 
remain nearly constant [6]. 

3.2. Effect of Cement Types 

Figure 2 shows the changes of permittivity throughout 
the early stage of 24 hours hydration reaction period. 

Permittivity remains at a high level and decreases at the 
end of the dormant period, approaching to a constant 
value when the internal structure has been stabilized. The 
dielectric permittivity of Type 3 pastes is higher than the 
Type 1 pastes because Portland cement Type 3 has finer 
grains of tri-calcium aluminate (C3A) [7] than in the 
Type 1 causing it to dissolve with a high rate and main-
taining an ion-rich system. In addition, the rate of the 
decrease of dielectric permittivity of Type 3 paste is 
higher than that of Type 1. In the acceleratory period, the 
Type 3 paste reacts faster than the Type I paste. This 
coincides with temperature rise and shorter dormant pe-
riod. For setting time, the dielectric constant is main-
tained until the final setting time because of the high 
dissolution rate, however the dielectric constant drops 
dramatically with the high hydration rate. At the later 
stage after formation of the C-S-H structure, the dielec-
tric permittivity tends to remain constant because of 
strong constraints imposed by its structure. 

3.3. Effect of Pozzolan Materials 

Effects of silica fume (SF) and pulverized fuel ash (PFA) 
on dielectric permittivity, temperature rises and setting 
time of the pastes are shown in Figure 3. The dielectric 
constant of the paste containing PFA through the first 24 
hours hydration time is higher than that of the plain paste, 
whereas the paste containing SF is lower. Both reactions 
involving SF and PFA occur as secondary reactions [8]. 
This means, however, that the PFA can produce exces-
sive water in the paste while increasing Si3+ and Ca2+ ions 
in the system. This results in an increasing dielectric    
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Figure 1. Dielectric permittivity of concretes with different w/c ratios. 
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Figure 2. Dielectric permittivity of pastes with different cement types. 
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Figure 3. Dielectric permittivity of pastes with different pozzolan materials. 
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Figure 4. Dielectric permittivity of paste, mortar and concrete. 
 
constant of the paste. Contrary to the SF paste, the com 
positions with PFA can dissolve it at a high rate, its fine-

ness induces the bounding of its water molecules and 
ion-richness at the surface. As a result, the dielectric 
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constant is lower than that of the plain cement paste. For 
loss factor evolution, the difference of loss factor is low 
between the conventional paste and SF-paste and large 
with PFA-paste; indicating that the remaining water con-
tent both during introduction and acceleratory periods in 
the paste has strong effect on the dielectric loss. On the 
other hand, the PFA particles can retain the free water in 
the paste system and this may raise the loss factor of the 
PFA-paste very high. 

3.4. Effect of Aggregates 

Figure 4 shows that the relative permittivity curves for 
the mortar and concrete are also similar to that of the 
conventional pastes but lower than the pastes. The de-
crease of cement content and the absorption of water 
molecules by aggregate surfaces induce a lower ions 
concentration in the system [9]. However, eventually, 
these parameters approach to constant. It can be com-
pared in the setting time range that the slope of decrease 
rate of relative permittivity of the paste is somewhat 
higher than those of mortars and concretes. This is due to 
ion constraint by hydrated products which are high when 
compared with the aggregate-mixed ones. 

4. Conclusion 

Dielectric permittivity of cement-based materials is af-
fected by initial water-to-cement ratio, cement types, 
pozzolan and aggregate types. However, although the 
volumetric fraction of water and superplasticizer in a 
given mixture is small, it strongly affects the dielectric 
permittivity of the cement due to its high dielectric per-
mittivity. The change in the dielectric permittivity is 
relatively high and remains constant during the dormant 
period. After that it decreases rapidly when the hydration 
reaction resumes, and it continues to decrease during the 
acceleratory period. 
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