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New construction materials have begun to be produced by using nano-technology. Nano aluminum oxide (nano-Al2O3) is 

known to have high electrical conductivity. In addition, nano-Al2O3 can increase the material's physical features and mechanical 
strength by spreading perfectly into cementitious composites like other nanomaterials. In this study, direct current (20V-DC) and 
alternating current (20V-AC) were applied to the nano-Al2O3-added to 300 dosage mortars (when they were fresh situation) for one 
day. It also investigated the mechanical-physical properties and microstructure of the mortars when nano-Al2O3 (0%, 1%, 1.5%, 
and 2% by weight instead of cement) was added. To determine the changes in the mortar's internal temperatures depending on 
DC and AC, the hydration temperatures of the mortars were measured every 60 seconds. It was observed that the optimum nano-
Al2O3 ratio was 1%. It was also concluded that AC application was more effective in increasing the hydration temperature of the 
mortar. In terms of mechanical strength, It was seen that when DC-applied mortars were cured for 7 days and AC-applied mortars 
were cured for 28 days, they took higher values. Another result obtained from the study is that alternating cure improves the 
microstructure better than the direct current in cement-based materials. 
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1. Introduction 

 
Technological developments enable new-

generation products in cementitious systems [1-3]. 
For this purpose, substituting nano-sized materials 
for cement has begun to be used in cement-based 
mortar and concrete production. Today, the cost of 
producing nano-sized materials is high. However, 
since these products are more functional and have 
a high surface area, high performance can be 
achieved even if they are used in tiny quantities [4]. 
Moreover, using nanomaterial in cementitious 
systems reduces porosity and increases 
mechanical strength [4]. Bargegol et al. [5] 
determined that the mechanical strength can be 
increased using nano CuO and nano SnO2 in 
asphalt. Previous research has shown that nano-
sized materials significantly improve the 
microstructure [6-10]. Some nano-materials 
preferred in cementitious systems are nano-
aluminum oxide, nano-zinc oxide, nano-fiber, 
nanotubes, nano-carbon, graphene oxide, nano-
clay, nano-silica, etc. [11-12]. Alumina silicates are 
materials with amorphous structures whose 
principal oxides are Al2O3 and SiO2 [13]. Some 
scientists have conducted various studies on using 
nano-Al2O3 in cementitious systems. Li et al. [14] 
did not observe a significant increase in 
compressive strength with adding 5% nano-Al2O3 in 
cementitious mortars. However, they found that the 
elastic modulus increased rapidly [14]. Barbhuiya et 
al. [15] determined that nano-Al2O3 slowed down  

 

 hydration reactions. Gowda et al. [16] concluded 
that the physical properties of the  nano-Al2O3-
added mortars were similar to the reference 
mortars. Ansari et al. [17] observed that when 0.5%, 
1%, and 1.5% by weight nano-Al2O3 were 
substituted for cement, the compressive strengths 
decreased by approximately 7.00%, 10.60%, and 
11.40% compared to the reference mortar. 
However, some studies have determined that the 
flexural and compressive strength can be increased 
using nano-Al2O3 in cementitious systems [18]. This 
study investigated the effects of DC and AC in 
mortars with nano-Al2O3 at different rates. 

Previous studies have investigated the effects 
of nano-Al2O3 added in cement-based mortars and 
concrete on physical, mechanical, and 
microstructure features. However, limited studies 
investigated the effects of DC and AC applications 
on mortars with nano-Al2O3 additives. This research 
aimed to research the effects of nano-Al2O3, DC, 
and AC on the fresh and hardened properties of the 
mortars. 

2. Materials and methods  

 
2.1. Materials 
 
2.1.1. Cement 

CEM I 42.5R cement, suitable TS EN 197-1 
[19] standard, was used in the experiments (Table 
1). Afyon Çimsa Factory (Turkey) supplied the 
cement used in the experiments, and its specific we- 
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ight was determined as 3.10. 
 
2.1.2 Aggregate 

 The largest grain size of 4 mm crushed sand 
was used in the study. The crushed sand was 
obtained from Afyon Yeşilay ready-mixed concrete 
company (Turkey). The sieve analysis results of the 
crushed sand used in the experiments are shown in 
Table 2. 

 
2.1.3 Water 

Afyonkarahisar (Turkey) tap water was used. 
 
2.1.4 Nano-Al2O3 

In the experiments, aluminum oxide 
nanoparticles produced by the Nanografi company 
[20] were used. Scanning Electron Microscopy 
(SEM) analysis was made for the nano-Al2O3 (Fig. 
1) 

 
Table 2  

Sieve analyses results of crushed sand 
 

Sieve no Percent passing sieve (%) 

16 (1.18 mm) 100 
30 (600 µm) 99 
40 (425 µm) 69 
50 (300 µm) 28 

100 (150 µm) 4 

XRD (X-ray Diffraction) analysis was also 
performed to investigate whether the material used 
in the experiments was nano-Al2O3 (Fig. 2). The 
graphic obtained in this study overlapped with the 
graphic obtained in previous studies for Al2O3 (Fig. 
2). As a result of XRD analysis, 2=25.5, 2=35.08, 
2=43.46, and 2=57.4 peaks were observed. 
According to the research of Peters et al. [21], 
similar peaks were observed. Observation of similar 
peaks means that nano-Al2O3 particles were 
formed. The physical and chemical properties of 
nano-Al2O3 used in the experiments are shown in 
Table 3. 

 
Table 3  

Physical and chemical analyses of nano-Al2O3 [18] 
 

Physical Analysis Chemical Analysis 
Property Value Element Value 

Purity (%) 99.99 B2O3 ≤0.002 
Bulk Density (g/cm3) 4.00 CaO ≤0.01 

Average Particle size (nm) 290 SiO2 ≤0.02 
Specific Surface (m2/g) >5 Fe2O3 ≤0.01 

Color White MgO ≤0.02 

Table 1 
 Physical and chemical features of cement. 

 

Components CaO Al2O3 SiO2 MgO Fe2O3 K2O Na2O TiO2 SO3 Fineness, 
cm2/g 

Blaine,  
cm2/g 

Content, % 63.5 4.72 19.6 1.91 3.26 1.05 0.34 0.41 4.72 3307 3051 

 

 
Fig.1- SEM analysis of nano-Al2O3. 

 
2.2 Preparation of mortars and experiments 

Three hundred dosages (the amount of 
cement used to produce 1 m3 of mortar (kg)) 
mortars were produced with a 0.70 (constant) 
water/cement (w/c) ratio. The reason for using a 
high w/c ratio in the experiments is that nano-Al2O3 
has a high water absorption capacity. Another 
reason is that the hydration water may evaporate 
due to AC and DC application on mortars, which 
can raise the hydration temperatures. While 
preparing the mortars, fine aggregate (crushed 
sand) and cement were mixed for three minutes. 
Then water was added to the dry mixture in three  

 

  
 

Fig.2- XRD analysis of nano-Al2O3. 
 
stages and mixed for about five minutes. Finally, 
according to ASTM C305- 20 [22] standard, nano-
Al2O3 was added and mixed for one minute. The 
mortar mix calculation is shown in Table 4. For 
each series, six samples were produced. The 
prepared mortars were placed in 40mm x 40mm x 
160mm molds. The stress intensity of 20V was 
applied to the fresh mortars for approximately one 
day using an AC power source and a DC power 
source. The temperature values of the DC-AC-
applied and reference (electrical current was not 
applied) mortars were measured every 60 seconds. 
The hydration temperature changes of the speci- 
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mens were recorded in two (for DC and AC applied 
mortars separately) data loggers. Reference 
mortar's humidity contents were also recorded 
every minute for comparison. 
 
2.3 Experiments on fresh and hardened mortars 

After removing the mortars from the wooden 
molds, they were cured for 7 and 28 days at 
approximately 20 degrees. Afterward, porosity tests 
were performed on the specimens cured for 28 
days according to TS EN 12390-7 [23] standards. 
The porosities of the mortars were calculated with 
the help of Equation 1.  

 
 

2 0

2 1

100
W W

Porosity X
W W

 
   

                        (1)  

In the formula, W0 is the oven-dry weight (g), 
W1 is the weight in water (g), and W2 is the 
saturated surface dry weight (g). After the porosity 
tests, the samples were applied to the flexural (3-
point) test. Then, compressive strength tests were 
performed according to the ASTM C348 [24] 
standard. 
 

Micro-examination analyses were performed 
on the mortars that had the highest compressive 
strength. Some pieces of 5-7 mm in size were taken 
from the mortar, which were subjected to flexural 
and compressive strength tests for micro-
examination analyses. Then, the mortar’s surface 
was coated with carbon (Fig. 3). After that, the 
mortar specimens were placed in an SEM device. 
Afterward, mortars were examined by zooming 
10000x (times). In addition, Energy-Dispersive X-
ray (EDX) and XRD analyses were performed on 
the same samples. Experiments performed on fresh 
and hardened samples are shown in Fig. 3. 
 

Table 4  
Mortar mix calculation (1m3) 

 
 

 
Fig.3- Experiments on mortars. 

 

Nano-Al2O3, % Cement, kg/m3 Sand,  kg/m3 Nano-Al2O3,  kg/m3 Water, lt/m3 
0 375.00 2238.00 - 263.00 

1.00 371.25 2238.00 3.75 259.87 
1.50 369.37 2238.00 5.62 258.56 
3.00 363.75 2238.00 11.25 254.62 
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3 Results and discussion 
3.1 The effect of nano-Al2O3 on temperature 

Fig. 4 was prepared to compare the hydration 
temperatures of the mortars with nano-Al2O3 (0%, 
1%, 1.5%, and 2%) at different rates. The initial 
hydration temperatures of the mortars added with 
nano-Al2O3 at 0%, 1%, 1.5%, and 2% ratios, 
respectively, were measured as approximately 
18.80 C, 20.91 C, 22.01 C, and 22.91 C (Fig. 4). 
It was seen that the internal temperatures of the 
reference (nano-Al2O3 was not added) mortar 
increased with the following stages of hydration. 
However, it was concluded that the internal 
temperatures of nano-Al2O3-added mortars 
decreased over time. With this result, it has been 
commended that nano-Al2O3 can be used as a set 
retarder in cementitious composite materials. Zhang 
et al. [25] researched the setting times of mortars 
nano-Al2O3 with 0%, 0.5%, 1%, and 2% rates. They 
observed that the setting (final) time increased as 
the nano-Al2O3 ratio increased in the mixture. They 
also observed that when the cement and nano-
Al2O3 were replaced by 1.5% in the mortars, it was 
more effective in decreasing the hydration 
temperature than the mortars with other ratios of 
nano-Al2O3 [25]. Ali and Shadi [26] examined the 
change in the heat of hydration. They investigated 
the hydration change in the first 70 hours of mortars 
with 0%, 1%, 2%, 3%, and 4% nano-Al2O3 [26]. 
They found that adding nano-Al2O3 in cementitious 
materials drops the heat release [26]. They also 
observed that the highest reduce in heat release 
was reached when 3% nano-Al2O3 was added to 
cement pastes [26]. 
 

 

 
Fig.4- Hydration temperatures of nano-Al2O3 added mortars. 

 
3.2 The effects of DC and AC on temperature 

Fig. 5 was prepared to compare the effects 
of current type (DC-AC) and nano-Al2O3 on the 
mortar hydration temperature. For all nano-Al2O3 
ratios (when DC and AC were applied), the highest 
hydration temperature values were reached when 
1.5% of the cement was replaced with nano-Al2O3. 
It was reported that when 20V (DC) was applied 
and 1.5% Al2O3 was added, the hydration 
temperature value of the mortar increased by 
approximately 1.5 C compared to the initial 
hydration temperature. It was also seen that when 
20V (AC) was applied to the same ratio (1.5%) of 
nano-Al2O3 added mortar, the internal temperature 
increased by approximately 12 C. It was seen that 
the hydration temperature values decreased with 
the increase of nano-Al2O3 ratio in the mortar when 
both DC and AC were applied to mortars. The high 
water absorption capacity of nano-sized Al2O3 can 
explain this situation. 

 

 

 
Fig.5- Variation of hydration temperature according to nano-Al2O3 

ratio, a-DC, and b-AC application. 

 

 

 
     Fig.6- Variation of the final setting time according to nano-

Al2O3 ratio, a-DC, and b-AC application. 
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3.3 The effects of nano-Al2O3-DC-AC on setting 
time 

Previous studies have determined that setting 
almost ends when the internal temperature of 
cementitious composite materials reaches the 
highest values [27]. Fig. 6 was prepared to research 
the effects of DC and AC on the setting (final) time 
of nano-Al2O3-added mortars. When Fig. 6 was 
examined, it was seen that DC did not significantly 
affect the final setting time. The discernible change 
was also not observed in the setting time when AC 
was applied on nano-Al2O3-added cementitious 
mortars. However, it was concluded that the setting 
(final) time of the mortars with nano-Al2O3 was 
shorter than the reference (without nano-Al2O3 
additive) mortars. As a result of adding 1%, 1.5%, 
and 2% nano-Al2O3 instead of cement and applying 
20V (AC), the mortars were set for approximately 
seventy-second minutes. When 20V (DC) was 
applied to the reference sample, it was observed 
that the final setting time occurred in the ninety-sixth 
minute.  As a result, it can be interpreted that nano-
Al2O3 can show more electrical conductivity in AC 
than in DC. 
 

 
Fig.7- Comparison of moisture content of nano-Al2O3 added 

mortars. 
 
3.5 The effect of nano-Al2O3-DC-AC on the 
porosity and flexural strength 

Fig. 8 prepared to compare the effects of 
nano-Al2O3 on the porosity and flexural strength with 
DC and AC application. Fig. 8 represents the 28-day 
cured mortars'  porosity and flexural strength. A 
decrease in porosity was observed with the 
application of AC to reference mortar. However, an 
increase (2.05%) in porosity was observed with DC 
application to the reference mortar. By replacing the 
cement with nano-Al2O3 at the rate of 1%, the 
lowest porosity was achieved (It was seen that the 
porosity decreased by approximately 17.87% 
compared to the reference sample). It was observed 
that the porosity of the mortar increased as the 
nano-Al2O3 ratio increased. In mortars with different 
ratios (1%, 1.5%, and 2%) of nano-Al2O3, it was 
observed that porosity increased when both DC and 
AC were applied. Lower porosity rates were 
obtained with the AC application compared to the 
DC application in mortars. 

3.4 The effect of nano-Al2O3 on humidity  
Fig. 7 compares the humidity contents of 

0%, 1%, 1.5%, and 2% nano-Al2O3 added fresh 
mortars. While measuring the humidity content of 
the mortars, the internal humidity content of the 
samples was not measured. Only the surface 
humidity was measured. In the initial hydration 
phase, an increase in humidity content was 
observed for all mortars. The reason for these 
increases can be explained by some of the 
hydration water coming to the surface of the mortar 
and sweating in the mortars at the beginning of 
hydration [28]. In the following minutes of 
hydration, it was reported that the surface humidity 
content decreased slightly for all mixtures. In 
cement-based materials, the decreasing humidity 
content means the drying and hardening of the 
material [29]. It was concluded that the humidity 
content decreased with the increase of nano-Al2O3 
substituted for cement. The high water absorption 
capacity of nano-Al2O3 can explain this situation 
[30]. The highest surface humidity rates were 
obtained when the cement was replaced with 1.5% 
nano-Al2O3 at the beginning of the hydration in the 
following minutes (Fig. 7). 

Fig.8- Effects of nano-Al2O3, DC-AC on porosity and flexural 
strength. 

 
It was observed that, by replacing the cement with 
1% nano-Al2O3 and applying AC-DC, the porosity 
decreased by approximately 8.05% and 7.32%, 
respectively, compared to the reference (0% nano-
Al2O3-0V) sample. When 1% by weight of nano-
Al2O3 was added, it was seen that flexural strength 
increased by 16.03% compared to the reference 
mortar. When 1.5% and 2% by weight nano-Al2O3 
was substituted for cement, the 28-day flexural 
strength of the mortars decreased by 2.81% and 
3.46%, respectively.  

It was observed that the application of 
electric current (both DC and AC) to the fresh 
mortars for one day adversely affected the 28-day 
flexural strength of the mortars. For example, when 
DC and AC were applied to 1% nano-Al2O3-added 
mortars, the 28-day flexural strengths decreased 
by approximately 9.43% and 6.34%, respectively 
(Fig. 8). 
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3.6 The effects of nano-Al2O3-DC-AC on the 
compressive strength  

Fig. 9 examines the effect of nano-Al2O3, DC-
AC application on the compressive strength of 7-day 
cured mortars. It was observed that by replacing the 
cement with 1%, 1.5%, and 2% nano-Al2O3, the 
compressive strength of the mortars increased by 
approximately 63.50%, 64.83%, and 61.14%, 
respectively. It was seen that the DC application 
was more effective in terms of compressive strength 
in 7-day cured mortars with nano-Al2O3 additives. 
Especially with the addition of 1% by weight of 
nano-Al2O3 instead of cement and the application of 
20V (DC), the compressive strength of the 7-day 
cured mortar increased by approximately 112.48% 
compared to the reference sample (Fig. 9).  
 

Fig.9- Maximum internal temperatures and 7-day compressive 
strengths of the mortars. 

 
Fig. 10 examines the effect of nano-Al2O3, 

DC-AC on the 28-day compressive strength of the 
mortars. The highest compressive strength was 
obtained when the cement was replaced with 1% 
nano-Al2O3. It was concluded that the compressive 
strength of 1% nano-Al2O3 added mortar was 
16.77% higher than that of reference mortar (Fig. 
12). Li et al. [14] observed an increase in the 
compressive strength of mortars with 0%, 3%, and 
5% nano-Al2O3 additives when cured for seven 
days. They observed an increase in the 7-day 
compressive strength and a decrease in the 28-day 
compressive strength of mortars [14]. This study 
obtained similar results that were obtained Li et al. 
Dişçi and Polat [13] produced cement pastes 
containing nano-Al2O3 at 0%, 1%, 2%, and 3% 
rates. They observed that 7 and 28 days 
compressive strength could be increased by adding 
nano-Al2O3 up to 2% [13]. Zhang et al. [25] 
compared the 3-day and 28-day compressive 
strengths of 0.5%, 1%, 2%, and 3% nano-Al2O3 
added mortars. They observed a noticeable 
improvement in the 3-day compressive strength of 
the mortars by adding 0.5% to 2% nano-Al2O3 
instead of cement [25].  

It was seen that adding more than 1% nano-
Al2O3 in 28-day cured samples affected the 
compressive strength negatively [25]. 

 

Dişçi and Polat [13] concluded that the short-term 
curing (7-day) process was improved the 
compressive strength in nano-Al2O3-added 
cementitious composites. In this study, similar 
results were obtained from the investigation 
conducted by Dişçi and Polat [13]. It was also 
observed that AC was more effective in increasing 
the hydration temperature of the mortars (Fig. 11).   

While DC did not increase the hydration 
temperature so much in nano-Al2O3-added mortars, 
AC significantly increased the temperature values 
of the mortars. The polarization effect of DC might 
cause this situation [31]. It was observed that the 
internal temperature increased by approximately 
11.47 C, especially with the application of AC to 
the 1.5% nano-Al2O3-added mortar. 

Fig.10- 28-day compressive strengths of the mortars depending 
upon nano-Al2O3, DC-AC. 

 
 

 This study obtained the highest compressive 
strength when 1% of the cement was replaced with 
nano-Al2O3 in mortars. It was observed that electric 
current (AC and DC) adversely affected the 28-day 
compressive strength of the mortars in all series. 
However, when AC-applied, the sample's 
compressive strength was higher than the DC-
applied samples. This is because when AC was 
applied to cement-based mortars, it increased the 
hydration temperature more than DC-applied 
samples. 
 
3.7 Micro examination 

The most effective phases in the strength of 
cementitious composite materials are CH and CSH 
gels [4]. In particular, the degree of firmness of 
CSH gels is directly proportional to the mechanical 
strength [4]. Fig. 11a represents the SEM image of 
1% nano-Al2O3-added mortar cured for 28 days. 
Fig. 11b: shows the SEM view of the mortar, which 
was added 1% nano-Al2O3 instead of cement, 
subjected to electrical curing (20V-AC applied) for 
1-day, and cured in lime water for the 27 days. Fig. 
11c: shows the mortar that subjected electrical 
curing (20V-DC applied) for 1-day, and cured in 
lime water for the remaining 27 days. 
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Adding nano-Al2O3 to cement-based mortars 
leads to a firmer formation of CSH gels due to its 
high surface area [32]. Iskra-Kozak and Konkol [33] 
investigated the microstructure of 1% nano-Al2O3-
added mortars. They concluded that C-S-H crystals 
were formed when 1% nano-Al2O3 was placed 
instead of cement [33]. It was seen that CSH gels 
were firmly formed when 1% nano-Al2O3 was added 
instead of cement in the mortar (Fig. 11a). 
Barbhuiya et al. [15] researched the microstructure 
of cement pastes with 2% and 4% nano-Al2O3 
additives, designed as 0.40 water/cement ratios. 
They observed agglomerations when more than 2% 
of nano-Al2O3 was added to cementitious materials 
[15]. It was not observed agglomerations because 
high water/cement (0.70) was used while producing 
the mortars in this study. It was observed that the 
microstructure had more pore structure when 1% 
nano-Al2O3 was substituted for cement and 20V AC 
was applied, compared to the reference (without 
electrical current application) mortar (Fig. 11b). It 
was also observed that the porous structure 
increased when 1% nano-Al2O3 was substituted for 
cement and 20V DC was applied (Fig. 11c). These 
results coincide with those obtained in mortars' 
physical and mechanical experiments. EDS analysis 
can give an idea about the extent to which CSH gels 
are formed. The EDS appearances of the mortars 
that 1% by weight of nano-Al2O3 added instead of 
cement are shown in Fig. 12.  

It is known that the most effective 
components in increasing the durability properties 
and mechanical strength of cementitious 
components are CaO and SiO2. In previous 
studies, it was determined that a high CaO/SiO2 
ratio caused high porosity as a result of EDS 
analysis [34]. Hu [35] investigated the CaO/SiO2 
and CaO/(SiO2+Al2O3) ratios of fly ash-added 
cement pastes. He observed that fly ash reacts 
with CaO due to its pozzolanic reaction [35]. He 
also determined that CaO/SiO2 and 
CaO/(SiO2+Al2O3) ratios decreased with the 
decrease of CaO during cement hydration [35].  

The ratios of CaO, SiO2, and Al2O3 obtained 
as a result of EDS analyses are summarized in 
Table 5. Lower CaO/SiO2 and CaO/(SiO2+Al2O3) 
ratios were achieved in the sample without the 
electrical current application. On the other hand, in 
the DC-applied sample, higher CaO/SiO2 and 
CaO/(SiO2+Al2O3) ratios were realized compared to 
the AC-applied sample. A lower CaO/SiO2 and 
CaO/(SiO2+Al2O3) ratio means tighter C-S-H gels 
are formed. The results obtained in Table 5 confirm 
the results obtained in the SEM analysis. 

Table 5.  
Comparison of CaO/SiO2 and CaO/(SiO2+Al2O3) ratios in 

28-day cured mortars 
 

nanoAl2O3 

DC-AC 
CO2 CaO SiO2 Al2O3 CaO/

SiO2 
CaO/(SiO2

+Al2O3) 
1% – 0V 35.11 49.18 10.85 2.14 4.53 3.78 
1%–AC 27.96 52.42 11.49 2.30 4.56 3.80 
1%–DC 21.09 49.16 6.61 3.50 7.43 4.86 

 
Fig.11- SEM analyses of mortars (a-0% nano-Al2O3-0V, b-1% nano-Al2O3-20V (AC), c-1% nano-Al2O3-20V (DC). 

 

 
Fig.12- EDS analayses of mortars (a-0% nano-Al2O3-0V, b-1% nano-Al2O3-20V (AC), c-1% nano-Al2O3-20V (DC). 
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Within the scope of the study, XRD analyses 
were also performed on 1% nano-Al2O3-added 
mortars (Fig. 13). As a result of XRD analyses, it 
was observed that peaks occurred at two theta = 
1438. These peaks mean that CH gels were 
formed. When the formation degrees of CH were 
compared, it was seen that the peak of the curve 
formed for CH in the 1% nano-Al2O3 added mortar 
without electrical current application had the highest 
value. On the other hand, it was observed that more 
CH was formed in the AC-applied sample compared 
to the DC-applied mortar. The results obtained in 
the XRD analyses support those obtained in other 
parts of the study. 

 

 
Fig. 13- XRD analyses of the mortars. 

 
4. Conclusions and comments 
 

Previous studies have investigated the 
effects of nano-Al2O3 on the physical, mechanical, 
and durability of cement-based mortars and 
concrete. This study investigated the effects of DC 
and AC applications on the physical, mechanical, 
and microstructure of nano-Al2O3-added mortars. 
The results obtained in the study are presented as 
follows: 

 Nano-Al2O3 can be used as a set retarder in 
cementitious systems. 

 It was observed that the alternating current is 
more effective than the direct current in 
increasing the hydration temperature in 
cement-based composite materials. This is 
thought to be due to the polarization effect of 
DC. 

 The highest internal temperatures were 
obtained when 1.5% nano-Al2O3 was 
substituted for cement in the mortars in both 
DC and AC applications. It was seen that 
when DC was applied to 1.5%, Al2O3 added 
mortars, the internal temperature increased 
by approximately 1.5 °C; when AC was 
applied, the internal temperature raised by 
about 12 °C.  

 

  It was concluded that the internal 
temperature decreased with the increase of 
the nano-Al2O3 ratio when both DC and AC 
were applied to mortars.  

 It was observed that DC and AC were 
ineffective on final setting time in nano-Al2O3 
added mortars.  

 It was seen that the optimum nano-Al2O3 
ratio was 1% in terms of physical and 
mechanical strength. 

 It was observed that applying both DC and 
AC increased the porosity in nano-Al2O3-
added mortars cured for 28 days. 

 Lower porosity rates were obtained with the 
AC application compared to the DC 
application in mortars.  

 When 1.5% and 2% by weight nano-Al2O3 
was substituted for cement, the 28-day 
flexural strength of the mortars decreased 
by 2.81% and 3.46%, respectively. 
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