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Abstract: In this study, AC impedance spectroscopy measurements of cement paste with 0.5 W/C were collected and 
interpreted using different electrode-sample contact methods. The results indicated that when using a conductive glue contact 
(CG), two capacitive loops and an inclined line appeared within the frequency range of 100-0.1 Hz. An equivalent circuit, 
Rs(Cd1(RctZw)) (Rd2Cd2), was proposed for contact impedance of the electrode-sample interface, and correction of error caused by 
the contact impedance of electrode-sample indicated that the contact impedance had almost no effect on the ACIS measurements 
of the cement paste with CG contact in the present curing conditions. When the samples were cured in a fog room, the CG and 
electrode pre-casting (EP) contact had similar interpreted parameters (Pcp). However, the demolded sample-electrode (DS) 
contact method and the drying environment used in the manufacture of the EP contact can significantly change Pcp. In this 
situation, both of CG and EP contact are reasonable for ACIS measurements of cement-based materials. EP contact cannot be 
used for samples cured in a drying environment, and DS contact cannot be recommended for ACIS measurements of 
cement-based materials. 

Keywords: Electrode-Sample Contact Methods, Sample-Electrode Contact Impedance, AC Impedance,  
Cement-Based Materials 

 

1. Introduction 

In the past three decades, AC impedance spectroscopy 
(ACIS) has been widely used to characterize the 
micro-structure of cement-based materials [1-3]. Electrode 
configurations, which can be used for ACIS measurements of 
cement-based materials, include 2-point, 3-point and 4-point 
measurements. Xie et al. [4] used 3-point and 4-point 
measurements for cement paste and found that although the 
high frequency arc can travel through the origin of a Nyquist 

plot, the contact areas between the potential sensor and the 
sample have a considerable effect on the shape of the ACIS 
measurements of cement-based materials. However, regarding 
the ACIS measurements of these materials, a point contact 
should be avoided; otherwise, the results become questionable. 
Therefore, the 2-point measurement is considered more 
reliable. Ford et al. [5] found that compared with 3- or 
4-point measurements, a 2-point measurement is more 
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susceptible to resistance/capacitance influence at the 
electrode-sample interface. However, in addition to the 
contact impedance of the electrode-sample interface, 3-point 
measurement are required to control for the reference 
electrode and input impedance of the AC impedance 
instrument. Due to low conductivity and the high frequency 
required for measuring cement-based materials, reliable 
4-point measurements are difficult to obtain [6]. Hsieh et al. 
[6, 7] found that the voltage divider effect cannot be avoided 
in 3-and 4-point measurements: when performing a 3-point 
measurement, the electrode system must be carefully 
arranged, which makes the ACIS measurement more difficult 
to obtain.  

Almost all researchers use a 2-point measurement for 
ACIS analyses of cement-based materials. The contact 
methods between the electrodes and sample of cement-based 
materials in the case of a 2-point measurement include direct 
and indirect contact methods. The direct contact technique 
include the electrodes pre-casting method [8-10] and the 
demolded sample-electrode contact method [11, 12]. The 
indirect contact method requires a medium between the 
electrodes and the sample. The media can include electric 
material, such as cement paste [13], tissue paper wetted with 
a NaOH solution [14] or conductive glue [15], and 
non-conductive material, such as an air gap [16, 17] or 
insulation material [11, 18]. Mason et al. [19] investigated 
ACIS measurements of cement paste using different 
electrode materials and contact methods and found that a 
low frequency arc is associated with the contact methods 
used between the electrodes and sample. However, the 
authors did not quantitatively investigate the degree of 
influence of the contact methods. Andrade et al. [16] found 
that the contact impedance between the electrodes and the 
sample has a significant effect on the high frequency arc of 
cement-based materials. The contact impedance may 
overlap with the impedance of cement-based materials and 
increase the dielectric constant of the cement paste to 104 

ohm. 
Based on the above discussion, it can be concluded that 

there is still controversy as to whether the contact 
impedance between the electrodes and sample has an 
effect on the ACIS of cement-based materials. There are 
two questions associated with this issue that need to be 
answered. First, does the contact impedance between 
electrodes and sample impact the ACIS of cement-based 
materials? Second, how much error does contact 
impedance introduce? Therefore, this study aims to 
evaluate the effect of the contact impedance from different 
contact methods, with the goal of proposing a proper 
contact method between electrodes and samples for 
2-point measurement. 

 

2. Experimental 

2.1. Raw Materials and Sample Preparation 

The mass ratio of water to cement (W/C) of the cement 
paste used in the experiments was 0.5. The chemical 
composition of the Portland cement used for the experiments 
is as follows (w%, by mass): SiO2-20.98%%, Al2O3-4.87%, 
Fe2O3-3.52%, CaO-63.25%, MgO-2.81%, SO3-2.41%, 
Na2Oeq-0.57%, f-CaO-0.89% and loss of ignition is 1.40%. 
The conductive glue used in this study is one component 
inorganic aluminosilicate conductive glue filled with graphite 
powder; its volume resistivity ranges from 10E-3 to 10E-2 
ohm-cm.  

The dimensions of the cement paste samples used for the 
ACIS measurements were 40 mm ×  40 mm ×  40 mm. The 
molds used for casting the samples were made of a type of 
engineering plastic. Before casting the fresh cement paste, two 
pieces of stainless steel with smooth surfaces were placed 
close to two opposite inner walls of the molds. The 
dimensions of the electrodes were 40 mm × 40 mm × 1.0 mm. 
After casting, the molds and cement paste samples were 
placed in a fog room (temperature: 20 ± 2°C; relative humidity: 
≥ 95%) for 3 d or 28 d. The molds and samples cured for 28 d 
in the fog room were then transferred to a drying room 
(temperature: 20-25°C, relative humidity: 40-50%) for 4 d. 
After the specified curing age had been reached, the samples 
were used for the ACIS measurements. 

2.2. Experimental Method 

The ACIS measurements were collected using a Solartron 
1260 impedance analyzer based on a 2-point measurement, as 
described in publication [20, 21]. The measurement frequency 
range was 0.1 Hz-10.2 MHz. A log scanning approach, which 
includes 15 points within every order of magnitude of 
frequency, was used for data collection. Stray impedance of 
the ACIS measurements of each sample was corrected using 
the method suggested by He et al. [20]. For each cement paste 
sample, the initial ACIS measurement of the sample pre-cast 
with the electrodes in the mold was performed, and then, the 
sample was demolded. The ACIS measurements of the sample 
were collected successively using the demolded 
sample-electrode contact method and conductive glue contact 
method. The three electrode-sample contact methods are 
described in detail in Table 1. An excitation voltage of 50 mV 
was used to measure impedance for the electrode pre-casting 
contact method, the conductive glue contact method and 
500mV for the demolded sample-electrode contact method. 
The same electrodes were used for all ACIS measurements. A 
pressure of approximately 10-15 N was applied to the 
electrode surface to enhance contact with the sample during 
the ACIS measurements of the demolded sample-electrode 
contact method and conductive glue contact method.  
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Table 1. A detailed description of the three contact methods used in this study. 

Contact method Description 

Electrode pre-casting contact 
(EP contact) 

Two pieces of stainless steel with smooth surfaces are placed close to two opposite inner walls of the mold as 
electrodes, and then, the cement paste is cast. When measuring the AC impedance, the mold is not to be removed. 

Demolded sample-electrode contact (DS 
contact) 

A demolded sample is placed in direct contact with the electrodes under 10-15 N of pressure. 

Conductive glue contact 
(CG contact) 

A demolded sample and electrodes are connected to a thin layer of conductive glue, and 10-15 N of pressure is 
applied to both electrodes. 

 

3. Results and Discussion 

3.1. Equivalent Circuit of Contact Impedance for the 

Conductive Glue Contact Method 

Some researchers [9, 22, 23] have used the electrode 
pre-casting contact method for the ACIS measurement of 
cement-based materials and obtained Nyquist plots, including 
a semicircle and an inclined line. Liu et al. [24] suggested that 
the inclined line found in the low frequency range is a part of 
an arc with a large diameter [25, 26] and that a low frequency 
arc would appear in the MHz range. Other researchers [9] 
have suggested that the low frequency arc could only be 
measured completely by reducing the frequency to 10-6 Hz. 
However, due to the limited frequency range of the AC 
impedance analyzer and long measuring time, it is not possible 
to completely measure the low frequency arc.  

Interestingly, when using the conductive glue for the 
contacts, even within a frequency range of 100 Hz-0.1 Hz (far 
greater than 10-6 Hz), there is a very clear capacitive loop with 
an inclined line that can be observed by the naked eye, as 
shown in Figure 1. Randles plots of cement paste at different 
curing ages are plotted in Figure 2. It can be seen from Figure 
2 that clear linear relationships that intercept the origin were 
obtained, which means that the criterion for the reversible 
reaction is satisfied and that the reaction is mainly controlled 
by diffusion [27, 28]. Therefore, Warburg impedance exists 
when using the conductive glue contact method.  

 

Figure 1. Nyquist plots of cement paste when using the conductive glue 

contact method. 

 

Figure 2. Randles plots of the cement paste at different curing ages. 

Note: Rs is the resistance of the conductive glue; Cd1 is the double layer 
capacitance between the electrode and the conductive glue; Rct is the charge 
transfer resistance; Zw is the Warburg resistance, i.e., charge diffusion 
resistance; Cd2 is the double layer capacitance between the sample and 
conductive glue; and Rd2 is interface resistance between the sample and 
conductive glue. 

In fact, when the interface between the electrode and the 
sample is filled with conductive glue, the interface will act as 
two different interfaces, including the sample-conductive glue 
interface and electrode-conductive glue interface, namely 2 
capacitive loops, shown as in Figure 3. As discussed above, 
Warburg impedance exists when using conductive glue, which 
means that the sample-conductive glue interface responds as 
(Cd1(RctZw)) or (Rd2Cd2) (the physical meanings of the 
parameters are given in Figure 4). At the same time, the 
electrode-conductive glue interface response according to 
(Rd2Cd2) or (Cd1(RctZw)) (the physical meanings of the 
parameters are given in Figure 4). This finding explains why 
two capacitive loops have been found in Nyquist plots of the 
cement paste, as shown in Figure 3. Two circles with very 
different radii and centered within the frequency ranges of 
100-10 Hz and 10-1 Hz are shown in Figure 3. The two 
capacitive loops align with the combined response of the 
electrode-conductive glue interface and the 
sample-conductive glue interface. Therefore, based on the 
conductive path concept, the equivalent circuit of the 
sample-electrode interface when using the conductive glue 
contact method can be described by Rs(Cd1(RctZw))(Rd2Cd2), as 
shown in Figure 4.  
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Figure 3. Fitted circles in Nyquist plots of the cement paste. 

 

Figure 4. Equivalent circuit of the contact impedance of the electrode-sample 

interface in the case of the conductive glue contact method. 

3.2. Error Evaluation Caused by the Contact Impedance 

when Using the Conductive Glue Contact Method 

3.2.1. Interpretation of the Contact Impedance when Using 

the Conductive Glue contact Method 

It can also be seen from Figure 1 that the cut-off frequency 
distinguishing the impedance responses between the 
cement-based materials and electrode-sample interface is in 
the kHz range, which is in agreement with other studies [29, 
30]. Based on the parameters of the cement paste, to 
emphasize the effect of cement paste on ACIS measurements 
within a low frequency range, a time constant of the cement 
paste, 10 times lower than the actual time constant, is assumed 
to be used for calculations. Even in the situation of 
amplification of the time constant of the cement paste, when 

the frequency was lower than 100 Hz, values of real 
components are equal to assumed R1 (300 or 3000 ohm) and 
those of imaginary components of ACIS of the cement paste 
that are equal to zero, as given in Figure 5. This finding means 
that the low frequency arc and inclined line found in Figure 1 
(within the range of 100-0.1 Hz) are only the responses of the 
interface between the electrodes and the sample and have not 
been influenced by the impedance of the sample.  

 

 

Figure 5. Relationship between frequency and real and imaginary 

components based on calculations in the case of amplification of the time 

constant paste. 

Interpreted parameters of contact impedance within the 
frequency range of 102-0.1 Hz, using the equivalent circuit 
Rs(Cd1(RctZw))(Rd2Cd2) (shown in Figure 4), are listed in Table 
2. It is worthwhile to note that before fitting impedance data 
within the frequency range of 102-0.1 Hz, the bulk resistance 
of the cement paste (with the real component value at a cut-off 
frequency point [31]) should be subtracted from the real 
component of the ACIS measurement of contact impedance 
within the 102-0.1 Hz range. Table 2 shows that a very good 
fitting effect is obtained. This result indicated that 
Rs(Cd1(RctZw))(Rd2Cd2) should be reasonable for describing the 
contact impedance. It can also be observed from Table 2 that 
the resistance Rs of the conductive glue is 3-5 ohm; however, 
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the volume resistivity of the conductive glue is 10-2 and 10-3 
ohm-cm, and the resistance of a thin layer (length<1 mm) of 
the conductive glue used in this study should be less than 10-3 

ohm. Therefore, the resistance of the conductive glue can be 
ignored, and the fitted Rs with approximately 3-5 ohm may be 
from the fitting bias.  

Table 2. Interpreted contact impedance parameters for the conductive glue contact method. 

Ages Parameters Rs (ohm) Rd2 Cd2 Cd1 (F) Rct (ohm) Zw Chi-sqr. 

3 d in the fog room 
Fitted values 4.68 148.6 2.90E-4 1.45E-4 26.53 4.47E-03 6.54E-4 
Error (%) 8.23 1.87 3.46 3.53 9.85 1.73 - 

28 d in the fog room 
Fitted values 4.37 247.8 3.92E-4 1.64E-4 28.15 3.39E-03 1.41E-3 
Error (%) 9.65 2.65 3.34 4.26 12.55 3.23 - 

28 d in the fog room+4 d in 
the drying room 

Fitted values 3.16 107.3 2.58E-4 2.05E-4 17.47 1.44E-02 7.31E-4 
Error (%) 9.25 1.76 3.68 4.49 10.03 2.83 - 

 

3.2.2. Error Evaluation of the Contact Impedance when 

Using Conductive Glue as the Contact Method 

In the case of correction of stray impedance, the measured 
ACIS not only includes the ACIS measurement of 
cement-based materials but also the contact impedance 
between the electrodes and the sample. Correction of contact 
impedance when using the conductive glue contact method is 
as follows: (1) based on the equivalent circuit 
Rs(Cd1(RctZw))(Rd2Cd2), a series of contact impedance values at 
each frequency point using the interpreted parameters in Table 
2 were calculated and (2) calculated contact impedances at 
each frequency were subtracted from the ACIS measurements 
whose stray impedance had been corrected using the method 
developed in previous studies [20]. 

Impedance data within the frequency range of 10.2 

M-1.0E4 Hz (before the cut-off frequency) were fitted using 
the equivalent circuit (R1C1(R2C2)) proposed by Song [32]. A 
detailed description of the circuit can be found in two 
publications [17, 30, 33]. R1 represents the resistance of the 
connected pores, C1 represents the capacitance of the matrix, 
and R2 and C2 represent the resistance and the capacitance of 
disconnected pores, respectively. When the dispersion effect 
exists, C1 and C2 are replaced by CPE1 and CPE2, respectively. 
Interpreted parameters in cases with and without contact 
impedance are listed in Table 3. It can be seen from Table 3 
that when using the conductive glue contact method, the 
contact impedance has almost no effect on the interpreted 
parameters of ACIS measurements of cement paste in the 
present curing conditions.  

Table 3. Interpreted parameters of the cement paste when using the conductive glue contact method based on the equivalent circuit (R1C1(R2C2)). 

Ages Parameters R1 (ohm) C1 (F) R2 (ohm) C2 (F) Chi sqr. 

3 d in the fog room With CI 
Fitted values 172.4 4.92E-11 564.0 8.40E-11 2.88E-4 

Error (%) 0.30 3.42 5.16 4.31 - 

3 d in the fog room No CI 
Fitted values 172.4 4.93E-11 565.7 8.39E-11 2.89E-4 

Error (%) 0.30 3.44 5.19 4.37 - 

28 d in the fog room With CI 
Fitted values 198.0 3.59E-11 1185 4.34E-11 1.31E-4 

Error (%) 0.20 2.38 5.24 5.09 - 

28 d in the fog room No CI 
Fitted values 198.1 3.60E-11 1192 4.37E-11 1.38E-4 

Error (%) 0.21 2.42 5.34 5.25 - 

28 d in the fog room+4 d in the drying room, With CI 
Fitted values 302.1 2.73E-11 1363 3.88E-11 1.95E-4 

Error (%) 0.25 2.59 4.92 4.75 - 

28 d in the fog room+4 d in the drying room, No CI 
Fitted values 302.2 2.73E-11 1364 3.89E-11 1.96E-4 

Error (%) 0.25 2.60 4.91 4.78 - 

 

3.3. Effect of the Contact Impedance when Using the 

Electrode Pre-Casting Contact Method 

3.3.1. Modulus Difference Between ACIS Measurements 

Using the Conductive Glue and Electrode Pre-Casting 

Contact Methods 

Nyquist plots of ACIS measurements of cement paste 
samples cured for 3 d and 28 d in the fog room using the 
electrode pre-casting method are plotted in Figure 6a. 
Compared with Nyquist plots by the CG contact in Figure 1, 
Figure 6a shows that Nyquist plots be the EP contact have 
similar shapes in ACIS in the high frequency range and very 
different shapes in ACIS in the low frequency range. Modulus 
differences (DMCE) between ACIS measurements of cement 

paste using the conductive glue and electrode pre-casting 
contact methods are calculated according to Eq. (1).  

2
imc

2
rec

2
imeimc

2
reerec

MCE
ZZ

)ZZ()ZZ(
D

+
−+−=       (1) 

where DMCE is the modulus difference between ACIS 
measurements of cement paste using the conductive glue and 
electrode pre-casting contact methods,%; Zrec is the real 
component of ACIS measured using the conductive glue 
contact method, ohm; Zimc is the imaginary component of 
ACIS measured using the conductive glue contact method, 
ohm; Zree is the real component of ACIS measured using the 
electrode pre-casting contact method, ohm; and Zime is the 
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imaginary component of ACIS measured using the electrode 
pre-casting contact method, ohm. 

It can be seen from Figure 6b that when the frequency is 
lower than 100 Hz, the modulus differences increase rapidly 
with decreasing frequency. In addition, within the range of 
1000-10 MHz, the modulus differences are lower than 10%. 
Fitted relationship between DMCE for 3 d and DMCE for 28 d 
shows that DMCE values between 3 d and 28 d ages are linearly 
related (relative coefficient square is 0.994). DMCE values at 3 
d are higher than those at 28 d, and DMCE at 28 d is 0.653 times 
the DMCE at 3 d. This result indicates that a cement paste with 
higher impedance has less DMCE. 

 

 

Figure 6. Nyquist plots of cement paste using the electrode pre-casting 

method and the relationship between DMCE and frequency 

3.3.2. Difference Between the Interpreted Parameters of 

ACIS Measurements Using the Conductive Glue and 

Electrode Pre-Casting Contact Methods 

Interpreted parameters of ACIS of the cement pastes using 
the electrode pre-casting method and the relative differences 
(DCE, calculated based on Eq. (2)) between interpreted 
parameters of the cement pastes using the conductive glue and 
electrode pre-casting contact methods are listed in Table 4. A 
clear correlation has been obtained with parameters of ACIS 

measurements of the cement pastes using the electrode 
pre-casting contact methods. When curing samples in the fog 
room, the parameters obtained using the electrode pre-casting 
contact method are very similar to those obtained when using 
the conductive glue contact method. Because the contact 
impedance has no effect on the interpreted parameters of 
ACIS measurements of the cement paste and all DCE values are 
less than 10%; it can be said that when curing samples in a fog 
room, the electrode pre-casting contact method has little effect 
on the interpreted parameters of ACIS measurements of 
cement paste due to the contact impedance. Therefore, in this 
situation, the electrode pre-casting contact method can be 
recommended for ACIS measurements of cement-based 
materials. 

%100
P

PP
D

CG

EPCG
CE ×

−
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where DCE is the difference between the interpreted 
parameters of ACIS measurements between using the 
conductive glue and electrode pre-casting contact methods; 
PCG is the interpreted parameters using the conductive glue 
contact method and PEP is the interpreted parameters using the 
electrode pre-casting contact method.  

3.3.3. Effect of Drying on ACIS Measurements of Cement 

Paste Using the Electrode Pre-Casting Contact 

Method 

Based on the results shown in Table 3, drying does not 
influence the interpreted parameters of ACIS measurements of 
cement paste when using the conductive glue contact method. 
However, considering drying may significantly reduce the 
water content in the interface between the electrodes and the 
sample when using the electrode pre-casting contact method, 
it is necessary to investigate the effect of drying on ACIS 
measurements of the cement paste in this situation. Nyquist 
plots of ACIS measurements of the cement paste cured for 28d 
in a fog room and then dried for 4d are shown in Figure 7. It 
can be seen from Figure 7 that there is very significant 
difference between ACIS data when using the conductive glue 
and electrode pre-casting contact methods. Interpreted 
parameters of the ACIS data and relative differences (DCE, 
calculated based on Eq. (2)) between interpreted parameters of 
the cement pastes using the conductive glue and electrode 
pre-casting contact methods are listed in Table 4. It can be 
observed from Table 4 that drying caused remarkable 
variation of the R1 and R2 parameters. Additionally, a 
dispersion effect of capacitance C2 appears. This result means 
that the drying has a significant effect on ACIS measurements 
of the cement paste. Therefore, when using the electrode 
pre-casting contact method, drying should be avoided. This 
means the application of ACIS measurements of 
cement-based materials using the electrode pre-casting 
contact method requires more attention due to variation in the 
contact impedance effect under a drying environment.  
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Table 4. Interpreted parameters of ACIS measurements of cement paste using the electrode pre-casting method based on an equivalent circuit (R1C1(R2C2)). 

Contact Ages Parameters R1 (ohm) C1 (F) R2 (ohm) C2 (F) Chi sqr. 

EP 

3 d in the fog room 
Fitted values 158 5.31E-11 524 8.32E-11 1.61E-5 
Error (%) 0.23 2.69 4.28 3.28 - 
DCE (%) 8.35 7.93 7.09 0.95 - 

28 d in the fog room 
Fitted values 197.5 3.62E-11 1119 4.14E-11 9.78E-5 
Error (%) 0.18 2.17 4.84 4.19 - 
DCE (%) 0.25 0.84 5.57 4.61 - 

EP 

Age Parameters R1 (ohm) C1 (F) R2 (ohm) Q2 (F)/n Chi sqr. 

32 d 
Fitted values 510 2.77E-11 470.6 3.58E-9/0.82 9.01E-5 
Error (%) 0.28 1.78 1.82 14.34/1.11 - 
DCE (%) 68.82 1.47 65.47 - - 

DS 

Age Parameters R1 (ohm) C1 (F) R2 (ohm) Q2 (F)/n Chi sqr. 

32d 
Fitted values 2.76E4 1.59E-11 125.5 8.85E-10/0.83 1.52E-3 
Error (%) 1.55 79.17 80.41 16.89/2.62 - 
DCD (%) 9121.52 34.57 92.85 - - 

Note: DCE was calculated according to Eq. (2) and DCD was calculated according to Eq. (3). 

 

Figure 7. Nyquist plots of the cement paste cured for 28 d in the fog room+4 d 

in the drying room. 

3.4. Error Evaluation of the Contact Impedance Using the 

Demolded Sample-Electrode Contact Method 

The Nyquist plot of the cement paste cured for 3 d in the fog 
room is given in Figure 8. Compared with Figure 1, there is a 
considerable difference between the Nyquist plots of the 
cement paste using the conductive glue and demolded 
sample-electrode contact methods in terms of both the shape 
and data range of ACIS. Interpreted parameters of ACIS 
measurements of the cement paste cured for 3d in the fog 
room and differences (DCD, calculated based on Eq. (3)) 
between interpreted parameters of the cement pastes using the 
conductive glue and demolded sample-electrode contact 
methods are listed in Table 4. A considerable difference 
between parameter R1 of the two situations values and 
significant differences between R2 values of the two situations 
values and C1 values of the two situations values have been 
found. A poor correlation was observed with the demolded 
sample-electrode contact method. Additionally, a dispersion 
effect of capacitance C2 appeared, which means that a very 
significant variation in the ACIS measurements of 
cement-based materials has been introduced using the 
demolded sample-electrode contact method, which means that 

the demolded sample-electrode contact method cannot be 
used for ACIS measurements of cement-based materials. 

 

Figure 8. Nyquist plot of cement paste cured in the fog room for 3 d using the 

demolded sample contact method. 
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where DCE is the difference in interpreted parameters between 
the use of the conductive glue and electrode pre-casting 
contact methods; PCG is the interpreted parameters using the 
conductive glue contact method and PDS is the interpreted 
parameters using the demolded sample contact method. 

4. Conclusion 

When using the conductive glue contact method for ACIS 
measurements of cement pastes with W/C=0.5 that have been 
cured for 3 d or 28 d in the fog room followed by 4 d in a 
drying room, very clear capacitive loops with inclined lines 
were observed. Clear linear fits that intercept the origin have 
been obtained for ACIS measurements of the cement paste at 
the three curing ages when using the conductive glue contact 
method. This result means that the criteria for the reversible 
reaction are satisfied and that the reaction is mainly controlled 

0 10k 20k 30k 40k 50k
0

10k

20k

30k

40k

50k

 

-Z
im

(o
hm

)

Z
re
(ohm)

0 100k 200k 300k 400k 500k

0

100k

200k

300k

400k

500k

 



 International Journal of Materials Science and Applications 2018; 7(3): 106-114 113 
 

by diffusion and Warburg impedance exist in the case of the 
conductive glue contact method. 

When using the conductive glue contact method, two circles 
with very different radii and centered between 100-10 Hz, and 
10-1 Hz were tested. The two capacitive loops agree with the 
aggregate response of the electrode-conductive glue interface and 
sample-conductive glue interface. Based on the conductive path 
concept, the equivalent circuit of a sample-electrode interface 
when using the conductive glue contact method can be described 
by Rs(Cd1(RctZw))(Rd2Cd2). Correction of error caused by the 
contact impedance indicated that using conductive glue has 
almost no effect on the contact impedance on ACIS 
measurements and their interpreted parameters in the present 
curing conditions. Therefore, using the conductive glue contact 
method can be recommended for ACIS measurements of 
cement-based materials in this situation. 

When using the electrode pre-casting contact method, if the 
frequency is lower than 100 Hz, the modulus difference (DMCE) 
of ACIS between the conductive glue and electrode 
pre-casting contact methods rapidly increases with decreasing 
frequency. Within 1000Hz-10 MHz, the DMCE values are less 
than 10%. The DMCE values between 3 d and 28 d curing ages 
have good linear correlations. Cement pastes with larger 
impedance have lower DMCE of ACIS. When curing samples 
in the fog room, compared with the conductive glue contact 
method, very similar interpreted parameters are obtained 
using the electrode pre-casting contact method. Therefore, in 
this situation, the electrode pre-casting contact method can 
also be recommended for ACIS measurements of 
cement-based materials. 

Compared with the conductive glue contact, in the electrode 
pre-casting contact, drying caused remarkable variation in 
parameters R1 and R2. Additionally, a dispersion effect of 
capacitance C2 appeared. This result means that drying has a 
significant effect on the shape of the ACIS measurements of 
the cement paste and their interpreted parameters in the 
electrode pre-casting contact. Therefore, in the drying 
environment, the electrode pre-casting contact method cannot 
be recommended for ACIS measurements of cement-based 
materials. Compared with the conductive glue contact method, 
a considerable difference in the R1 parameter and significant 
differences in R2 and C1 were observed when using the 
demolded sample-electrode contact method. A poor 
correlation was obtained when the sample-electrode contact 
method was used. In addition, a dispersion effect of 
capacitance C2 appeared. Therefore, the use of the demolded 
sample-electrode contact method cannot be used for ACIS 
measurements of cement-based materials. 
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