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a b s t r a c t
A precipitation method was used to prepare nanospheres of calcium hydroxide, whereas a photoas-
sisted deposition method was used to dope silver onto the surface of calcium hydroxide nanospheres. 
Silver-doped calcium hydroxide and calcium hydroxide nanospheres were characterized by several 
techniques. Photocatalytic degradation of methylene blue (MB) dye using visible light irradiation 
was used to measure the photocatalytic performance of calcium hydroxide and silver-doped calcium 
hydroxide nanospheres. Calcium hydroxide nanospheres absorb in the UV region; however, doping 
of silver onto the surface of calcium hydroxide nanospheres shifts their absorption to a longer wave-
length (redshift). Additionally, by controlling the weight percentage of doped silver, the band gap of 
calcium hydroxide nanospheres can also be controlled. By doping 0.6 wt% of Ag, 100% of MB dye can 
be degraded within 30 min. In addition, 0.6 wt% Ag-doped calcium hydroxide nanospheres exhibit 
photocatalytic stability, showing no loss of activity after being reused five times.

Keywords: Calcium hydroxide; Nanospheres; Silver doping; Visible photocatalyst; MB dye

1. Introduction

The textile industry is responsible for discharging high 
levels of organic dyes in the environment. An estimated 
15% of globally produced dyes are released through dye-
ing processes in textile effluents [1]. These dye effluents 
show characteristic fluctuating pH values accompanied 
by high values of chemical oxygen demand and sus-
pended particulates. These dye substances are also known 
to be stable toward biodegradation and most oxidizing 
agents. These dye substances have detrimental effects on 
the aquatic ecosystem, causing eutrophication and posing 
risks to aquatic organisms and human health; therefore, 
they must be removed from the industrial effluents before 
discharge [2]. As international environmental regulations 
are becoming stricter, developing efficient technological 
systems for removing such dye pollutants from the waste-
water stream becomes very important. The traditional 
techniques applied for removal of organic dyes include 
coagulation, chemical oxidation, adsorption, and microbial 
decontamination [3–5]. These treatment technologies are 

very costly and require additional arrangements for remov-
ing by-products. In recent years, photocatalytic degradation 
has attracted substantial attention as an advanced oxidation 
process for efficient eradication of organic dyes and other 
toxic pollutants from wastewater [6]. TiO2 is a widely used 
photocatalyst because it possesses properties that include 
chemical stability, nontoxicity, possible reuse, possible 
incorporation in other materials, and favorable physical 
properties. However, its wide band gap (Eg = 3.2 eV) makes 
it active only when used in reactions that involve UV 
light, which constitutes approximately 3%–5% of the solar 
spectrum. For this reason, researchers try to manipulate the 
structure to narrow the band gap, making the derived mate-
rial active in natural or artificial sunlight [7–20]. The use of 
visible radiation allows for reactions to be performed in an 
environmentally friendly manner without requiring energy 
from other sources. Scientists are interested in designing 
catalysts with band energies that fall within the visible 
frequency [21–38]. Other required properties of catalysts 
include nontoxicity, stability, possible reuse, ease of sep-
aration, favorable magnetic and electric properties, and 
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other characteristics depending on the desired application. 
Currently, metal hydroxide photocatalysts have also shown 
excellent photocatalytic properties. In(OH)3 and modified 
In(OH)3 photocatalysts exhibit high photocatalytic activity 
[39–41]. Additionally, calcium hydroxide can be used as 
an additive for dentistry and lubricants [42,43]. Calcium 
hydroxide exhibits photocatalytic activity in the UV region 
as reported in a previously published paper [44]. Therefore, 
the aim of this paper is to enhance the photocatalytic activity 
of calcium hydroxide by silver doping to shift the absorp-
tion from the UV to the visible region for methylene blue 
(MB) dye photocatalytic degradation.

2. Experimental

2.1. Preparation of Ca(OH)2 nanospheres

Solution A was prepared by dissolving anhydrous 
calcium chloride (20 g) in deionized water (50 mL) under stir-
ring at room temperature. Solution B was formed by dissolv-
ing cetrimonium bromide (1 g) and NaOH (16 g) in deionized 
water (50 mL) under stirring at room temperature. Solution 
A was added to solution B under strong stirring for 60 min 
at room temperature. The obtained materials were washed 
several times with ethanol and deionized water and finally 
dried for 8 h at 120°C.

2.2. Preparation of Ag/Ca(OH)2 nanospheres

A photoassisted deposition method was used to dope 
silver onto the surface of calcium hydroxide nanospheres. 
Different weights of silver nitrite were dissolved in deion-
ized water to prepare different weight percentages of silver 
(0.2, 0.4, 0.6, and 0.8 wt% of Ag metal). Then, the calcium 
hydroxide nanospheres were ultrasonically dispersed in sil-
ver nitrate solutions and the obtained mixture was exposed 
to UV light for 24 h. The obtained materials were washed sev-
eral times in ethanol and deionized water and finally dried 
for 8 h at 80°C.

2.3. Characterization

The nanostructure of the prepared samples was exam-
ined with a JEOL-JEM-1230 transmission electron micro-
scope (TEM). A Nova 2000 series Chromatech apparatus was 
employed to determine the specific surface area. A Bruker 
axis D8 with Cu Kα radiation (λ = 1.540 Å) was applied to 
determine the sample phase and crystallite size. A Thermo 
Scientific K-ALPHA spectrometer was applied to determine 
the state of the silver. A spectrophotometer (V-570, Jasco, 
Japan) was adopted to determine the band gap of the synthe-
sized samples. A fluorescence spectrophotometer (Shimadzu 
RF-5301) was applied to determine the emission spectra.

2.4. Photocatalytic experiment

Ag/Ca(OH)2 nanospheres were used to measure the 
degradation of MB dye using visible light. An annular 
batch reactor with a horizontal cylinder was used for the 
photocatalytic reaction. A blue fluorescent lamp with 150 W 
power and maximum energy, corresponding to 450 nm, 

and covered by a UV cut filter was used to irradiate the 
Ag/Ca(OH)2 nanospheres photocatalyst. The Ag/Ca(OH)2 
nanospheres photocatalyst was dispersed in 1,000 mL of MB 
dye solution with a MB concentration of 100 ppm. The pho-
tocatalytic reactions were performed at room temperature. 
Samples from the reaction mixture were taken at certain 
time interval to measure the photocatalytic activity of the 
Ag/Ca(OH)2 nanospheres. The absorbance of the samples, 
analyzed by the spectrophotometer, was used to determine 
the remaining MB concentration in the reaction mixture. 
The removal efficiency of MB dye was measured by adopt-
ing the following equation:

% Removal efficiency = (Co – C)/Co × 100

where Co is the initial concentration of MB dye and C is the 
remaining concentration of MB dye.

3. Results and discussion

3.1. Photocatalyst characterization

Fig. 1 shows the XRD patterns of calcium hydroxide 
and silver-doped calcium hydroxide nanospheres. The 
results reveal that calcium hydroxide and silver-doped 
calcium hydroxide samples consist of calcium hydroxide. 
Therefore, the structure of calcium hydroxide does not 
change after the addition of silver. Additionally, there 
are no characteristic peaks for silver or silver oxide in 
the silver-calcium hydroxide samples either because the 
weight percentage of the doped silver on the surface 
of calcium hydroxide is below the XRD detection limit 
or the silver is so well dispersed on the surface of the 
calcium hydroxide.

XPS spectra of the Ag species for the 0.6 wt% silver-doped 
calcium hydroxide nanospheres sample are shown in Fig. 2. 
The results reveal that the state of doped silver on the surface 
of calcium hydroxide is metallic as indicated by the presence 
of two peaks for Ag 3d5/2 and Ag 3d3/2 at 368.1 and 374.1 eV, 
respectively.

Fig. 1. XRD pattern of Ca(OH)2 and Ag/Ca(OH)2 nanospheres.
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Fig. 3 shows TEM images of calcium hydroxide and 
silver-doped calcium hydroxide samples. The results reveal 
that the shapes of calcium hydroxide and silver-doped 
calcium hydroxide samples are nanospheres. Additionally, 
the silver doped onto the surface of the calcium hydroxide 
appeared as dots. The weight percentage of silver plays an 
important role in determining the homogeneity of doped 
silver, which was found to increase with increasing weight 
percentage of doped silver from 0.2 to 0.6 wt%. However, 
the homogeneity was found to decrease upon increasing the 
weight percentage of doped silver above 0.6 wt%.

Table S1 in the supplementary material shows the 
specific surface areas of calcium hydroxide and silver-doped 
calcium hydroxide. The results reveal that the values of the 
BET surface area of calcium hydroxide, 0.2 wt% Ag-calcium 
hydroxide, 0.4 wt% Ag-calcium hydroxide, 0.6 wt% 
Ag-calcium hydroxide, and 0.8 wt% Ag-calcium hydroxide 
are 50, 45, 42, 40, and 39 m2/g, respectively. Additionally, 
the BET surface area of the calcium hydroxide sample was 
observed to be higher than that of the silver-doped calcium 
hydroxide samples due to a decrease in the total pore volume 
of calcium hydroxide by silver doping.

Fig. 2. XPS spectra of Ag species for 0.6 wt% Ag/Ca(OH)2 
nanospheres.

(a) 

(e)

(d)(c)

(b)

Fig. 3. TEM images of Ca(OH)2 and Ag/Ca(OH)2 nanospheres, where the wt% of Ag is 0 (A), 0.2 (B), 0.4 (C), 0.6 (D) and 0.8 (E).
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Fig. 4 shows the UV–Vis diffuse reflectance spectra of 
calcium hydroxide and silver-doped calcium hydroxide 
nanospheres. The results reveal that calcium hydroxide 
nanospheres absorb in the UV region and silver-doped cal-
cium hydroxide nanosphere samples absorb in the visible 
region. Furthermore, the weight percentage of doped silver 
plays an important role in controlling the absorption edges of 
the calcium hydroxide nanospheres. Table S1 demonstrates 
the values of the band gap energies of calcium hydroxide 
and silver-doped calcium hydroxide nanospheres, which 
were calculated from the UV–Vis spectra as published by 
Mohamed [20]. The band gap values of calcium hydroxide, 
0.2 wt% Ag-calcium hydroxide, 0.4 wt% Ag-calcium hydrox-
ide, 0.6 wt% Ag-calcium hydroxide, and 0.8 wt% Ag-calcium 
hydroxide are 3.4, 3.07, 2.99, 2.88, and 2.85 eV, respectively.

Fig. 5 shows the photoluminescence (PL) spectra of 
calcium hydroxide and silver-doped calcium hydroxide 
nanospheres. The results reveal that the calcium hydrox-
ide nanosphere sample shows a high PL peak intensity and 

an emission peak in the UV region, whereas silver-doped 
calcium hydroxide nanosphere samples exhibit a low PL 
peak intensity with emission peaks in the visible region. 
Additionally, the weight percentage of doped silver plays 
an important role in controlling the intensity and position of 
PL peaks. Therefore, the weight percentage of doped silver 
also plays an important role in controlling the recombina-
tion rate. The band gap values calculated from PL spectra for 
calcium hydroxide, 0.2 wt% Ag-calcium hydroxide, 0.4 wt% 
Ag-calcium hydroxide, 0.6 wt% Ag-calcium hydroxide, and 
0.8 wt% Ag-calcium hydroxide are 3.3, 3.08, 2.98, 2.86, and 
2.84 eV, respectively, which are in good agreement with the 
values calculated from the UV–Vis spectra.

3.2. Performance of photocatalysts for MB dye degradation

Many factors were studied to measure the photocatalytic 
performance of the prepared materials for MB dye degra-
dation under visible light conditions. First, the effect of sil-
ver weight percentage on the MB dye degradation (%) was 
studied under the following conditions: the light source was 
a 500-W Xe lamp, the reaction time was 1 h, the photocata-
lyst dose was 0.8 g/L, the volume of aqueous solution was 
1,000 mL, and the concentration of MB dye was 100 ppm. 
Fig. 6 shows the effect of the silver weight percentage on the 
MB dye degradation (%). The results reveal that the calcium 
hydroxide sample exhibits almost no photocatalytic activity 
because calcium hydroxide absorbs in the UV region and the 
reaction was performed under visible light. The photocata-
lytic performance of silver-doped calcium hydroxide nano-
sphere samples for MB dye degradation increased from 6% to 
100% due to the decrease in the band gap of the silver-doped 
calcium hydroxide nanosphere samples from 3.4 to 2.88 eV 
by silver doping.

Second, the effect of the silver-doped calcium hydroxide 
photocatalyst dose on the degradation of MB dye was studied 
under the following conditions: the light source was a 500-W 
Xe lamp, the dose of the photocatalyst was changed from 0.4 
to 2.0 g/L, the reaction time was 1 h, the volume of aqueous 
solution was 1,000 mL, and the concentration of MB dye was Fig. 4. UV–Vis absorption spectra of Ca(OH)2 and Ag/Ca(OH)2 

nanospheres.

Fig. 5. PL spectra of Ca(OH)2 and Ag/Ca(OH)2 nanospheres.
Fig. 6. Effect of wt% of Ag on photocatalytic activity of Ca(OH)2 
and Ag/Ca(OH)2 nanospheres for methylene blue dye removal.
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100 ppm. Fig. 7 shows the effect of the dose of silver-doped 
calcium hydroxide photocatalyst on MB dye degradation. 
The results reveal that the photocatalytic performance of 
0.6 wt% silver-doped calcium hydroxide for MB dye degrada-
tion increased from 65% to 100% with an increase in the dose 
of silver-doped calcium hydroxide photocatalyst from 0.4 to 
0.8 g/L. The increased dose of the photocatalyst increases the 
number of available sites for photocatalytic reaction, increas-
ing the photocatalytic activity. The time required to degrade 
100% of MB dye by 0.6 wt% silver-doped calcium hydroxide 
photocatalyst was decreased from 100 to 30 min by increasing 
the dose of 0.6 wt% silver-doped calcium hydroxide photo-
catalyst from 0.8 to 1.6 g/L. Additionally, increasing the dose 
of photocatalyst above 1.6 g/L was observed to decrease the 
photocatalytic performance of 0.6 wt% silver-doped calcium 
hydroxide to 98%, and the degradation time was increased 
again to 55 min. The high photocatalyst dose may hinder the 
penetration of light to the photocatalyst surface, decreasing 
the photocatalytic activity.

Third, the effect of the initial concentration of MB dye on 
the degradation of MB dye was studied under the following 
conditions: the light source was a 500-W Xe lamp, the reaction 
time was 30 min, the dose of the photocatalyst was changed 
to 1.6 g/L, the volume of aqueous solution was 1,000 mL, 
and the concentration of MB dye was changed from 25 to 
200 ppm. Fig. 8 shows the effect of the initial concentration 
of MB dye on the MB dye degradation. The results reveal 
that the photocatalytic activity of 0.6 wt% silver-doped cal-
cium hydroxide photocatalyst for all concentrations is 100%. 
Changing the concentration of MB dye only changed the time 
required to completely degrade the MB dye. The ideal initial 
concentration of the MB dye was 100 ppm, at which point the 
photocatalytic activity was 100% after 30 min.

Fourth, the recycling and reuse of 0.6 wt% silver-doped 
calcium hydroxide photocatalyst on MB dye degradation 
was studied under the following conditions: the light source 
was a 500-W Xe lamp, the photocatalyst dose was 1.6 g/L, the 
reaction time was 30 min, the volume of aqueous solution 
was 1,000 mL, and the MB dye concentration was 100 ppm. 
Fig. 9 shows the recycling and reuse of 0.6 wt% silver-doped 
calcium hydroxide photocatalyst on MB dye degradation. 
The results reveal that 0.6 wt% silver-doped calcium hydrox-
ide photocatalyst exhibits photocatalytic stability and can be 
used and recycled many times.

4. Conclusions

Calcium hydroxide and silver-doped calcium hydrox-
ide nanospheres were prepared by the coprecipitation 
method in the presence of cetyltrimethylammonium bro-
mide as a surfactant. The results reveal the formation of 
calcium hydroxide nanospheres and doped silver into a 
calcium hydroxide lattice. Additionally, there was a shift of 
the absorption edge of calcium hydroxide by the formation 
of a calcium hydroxide nanosphere and silver doping. The 
photocatalytic activity of the 0.6 wt% silver-doped calcium 
hydroxide nanosphere is 17-fold better than that of the cal-
cium hydroxide nanospheres for MB dye degradation. 
Additionally, the 0.6 wt% silver-doped calcium hydroxide 
nanospheres exhibit photocatalytic stability for MB dye deg-
radation after recycling five times.

Fig. 7. Effect of loading of 0.6 wt% Ag/Ca(OH)2 nanospheres on 
photocatalytic removal of methylene blue dye.

Fig. 8. Effect of initial dye concentration on the photocatalytic 
degradation of MB dye.

Fig. 9. Recycling and reuse of 0.6 wt% Ag/Ca(OH)2 nanospheres 
for the photocatalytic degradation of MB dye.
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Supplementary material

Table S1
BET surface area and band gap of Ca(OH)2 and Ag/Ca(OH)2 
nanospheres

Sample SBET (m2/g) Band gap energy (eV)

Ca(OH)2 50 3.40
0.2 wt% Ag/Ca(OH)2 45 3.07
0.4 wt% Ag/Ca(OH)2 42 2.99
0.6 wt% Ag/Ca(OH)2 40 2.88
0.8 wt% Ag/Ca(OH)2 39 2.85


