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Abstract. ZnO nanostructures were successfully synthesized using the sol-gel method with 
pineapple extract (Ananas comosus (L.)) as a chelating agent. ZnO nanostructures using cayenne 
pineapple (Ananas comosus var.cayenne) chelate were calcined at temperatures ranging from 
500 ˚C to 900 ˚C, while queen pineapple (Ananas comosus var.queen) was calcined at 700 ˚C 
and 800 ˚C. ZnO nanostructures synthesized with cayenne pineapple chelate and calcinated at 
800 ˚C showed an average particle size of 1.858 μm and an average crystallite size of 35.10 nm, 
while at 700 ˚C, it was 30.90 nm. The diffraction peaks can be indexed as a hexagonal wurtzite 
structure (a = 3.25x10−10 m, c = 5.21x10−10 m). The photocatalytic activity of ZnO was evaluated 
for the photodegradation of methylene blue under UV light radiation. The most effective 
degradation was achieved with ZnO nanostructures synthesized with cayenne pineapple chelate 
at a calcination temperature of 700 ˚C under UV light irradiation for 240 minutes. The 
degradation rate was 55.87% at a concentration of 10 ppm MB solution. 

 
 

1. Introduction 
Water is the most vital natural resource for humans, but water pollution caused by textile waste is a 
significant problem, particularly in Indonesia. In West Java Province, Indonesia, over 3000 industries 
dump their waste into the Citarum River, which is the primary source of water for 27.5 million people 
living in West Java Province and Jakarta City. It is also the primary irrigation system for more than 400 
hectares of agricultural land [1]. The textile dyes used by these factories reside in the waste for about 
15-20%, eventually flowing into the nearby environment, causing disturbances in the water ecosystem 
[2]. One of the dyes used for textile production is methylene blue, a heterocyclic aromatic chemical 
compound with the chemical formula C16H18N3SCl [3]. According to the regulation of The Ministry of 
Environment of Indonesia, no. Kep51/MENLH/101995, the limit for methylene blue allowed in water 
is 5-10 mg/L. 

There are many methods used to overcome the textile waste problem. For example, using active mud 
[4–6] or anaerobic with bioremediation processes [7–9], the most common method is photodegradation, 
utilizing photocatalyst [10–12]. Nanostructures used for photocatalyst are ZnO. ZnO nanostructures are 
beneficial for photocatalysis since Zn has a lower negative standard reduction potential compared to any 
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other metal; for example, Fe reduction power is weaker than Zn [13]. Because the reduction power of 
Zn is more powerful, the degradation rate of Zn contaminant is faster than Fe. The other advantage of 
using ZnO is, it is possible to capture energy from a wider spectrum of sun than other semiconductor 
metal, like SnO2 and TiO2. 

The synthesis of ZnO nanostructures can be accomplished through various methods, including sol- 
gel [14–16], hydrothermal [17,18], precipitation [19,20], solvothermal [21,22], microemulsion [23,24], 
electrochemical deposition [25,26], microwave [27,28], polyol [29,30], flux method [31], 
electrospinning [32,33], and wet chemical methods [34,35]. Among these methods, sol-gel is considered 
an inexpensive and effective technique for synthesizing ZnO nanostructures due to its ability to provide 
good homogeneity, high purity, energy efficiency, low pollution, and a fast crystallization and separation 
phase [36]. In the process of synthesizing ZnO nanostructures using the sol-gel method, a chelating 
agent such as Zinc acetate is typically used to reduce clotting or agglomeration [37]. 

In previous research by D. Štrbac et al. (2018), it was proven that methylene blue dye could be 
successfully degraded using ZnO as a photocatalyst [12]. Ahmad et al. carried out the bio-synthesis of 
ZnO nanoparticles using pineapple extract, and the results showed that the particle size of the ZnO 
nanoparticles ranged from 30 to 57 nm. These nanoparticles were then used for E. coli antibacterial 
removal [38]. However, some papers have not reported the effect of calcination temperature on 
nanostructure synthesis. Temperature is an important synthesis parameter and a sensitive issue, and it is 
the main focus of this research. 

This research focuses on the green synthesis of ZnO nanostructures and studies the effect of 
calcination temperature and the usage of different types of chelating agents from pineapple, which are 
Ananas comosus var. Queen and Ananas comosus var. cayenne. It is hoped that this study will provide 
an optimum calcination temperature and type of chelating agent to synthesize ZnO nanostructures. 
Meanwhile, the degradation process of methylene blue using ZnO nanostructures can be done more 
efficiently, and of course the sample will be environmentally friendly since it was made with green 
synthesis. 

 
2. Material and Methods 

 
2.1. Preparation of Pineapple extracts 
Pineapple extracts play a major role in this experiment as chelating agents since they contain 78% citric 
acid and have a high sugar level. The pineapple was extracted by mashing the fruit into a smooth 
substrate. The residue was then separated from the extract using filter paper. The chelating agent was 
used to prevent agglomeration during nanostructure synthesis. 

 
2.2. Synthesis of ZnO Nanostructures using Pineapple extracts 
ZnO particles were mixed with 100 ml of HCl in a beaker glass and then heated using a hotplate magnetic 
stirring at 90 °C and 200 rpm for 5 minutes. A chelating agent with a volume of 210 ml was then added 
to the beaker glass and heated again at 90 °C until the solution became homogeneous. This precursor 
solution was then calcined in a furnace at a temperature of 120 °C for 3 hours, 200 °C for 5 hours, and 
400 °C for 2.5 hours, respectively. The precursors, mixed with Ananas comosus var. queen extract as a 
chelating agent, were then treated for heating at various calcination temperatures from 500 to 900 °C. 
On the other hand, the sample that used Ananas comosus var. cayenne as a chelating agent was calcined 
at 700 °C and 800 °C. The calcination process took 5 hours. After the whole process was finished, the 
samples were then characterized by Scanning Electron Microscopy (SEM) to observe the morphology 
formed of ZnO, and X-ray diffraction (XRD) analysis was also used to determine the crystal structure 
of the ZnO sample. 



The 4th Engineering Physics International Conference 2023 (EPIC 2023)
Journal of Physics: Conference Series 2673 (2023) 012015

IOP Publishing
doi:10.1088/1742-6596/2673/1/012015

3

 

 
2.3. Photocatalysis analysis 
For studying the photocatalysis process, two 50 ml beaker glass with 20 ml volume of methylene blue 
were dissolved in 500 ml of aquadest with 10, 12, and 15 ppm concentration, respectively. After that, 
100 mg of the ZnO nanostructures sample were then added to one of two beaker glasses. Both beaker 
glass were stored inside the black box and then irradiated with UV light. During the exposure process, 
the two methylene blue solutions were stirred using a magnetic stirrer. After being irradiated, the two 
methylene blue solutions were then put into a centrifuge, then they were deposited for 30 minutes at a 
speed of 3000 rpm. The concentration of methylene blue solution that was added to the ZnO 
nanostructures was then calculated through the color degradation that occurs within a certain time. 

 
3. Result and Discussion 

 
3.1. Result of ZnO Nanostructure Synthesis 
Figure 1 below shows the photograph of ZnO nanoparticles synthesized using Ananas comosus var. 
Queen calcined at 500 ℃ (Figure 1a), 600 ℃ (Figure 1b), 700 ℃ (Figure 1c), 800 ℃ (Figure 1d), and 
900 ℃ (Figure 1e). It can be seen that the color of the samples was different in every sample. On the 
other hand, ZnO nanostructure with Ananas comosus var. cayenne as chelating agent sample with 
calcination temperatures of 700 ℃ and 800 ℃ can be seen in Figure 2. 

 

Figure 1. Synthesis result with different calcination temperatures using Ananas comosus var. Queen 
as a chelating agent at calcination temperatures of (a) 500 ℃, (b) 600 ℃, (c) 700 ℃, (d) 800 ℃, and 

(e) 900 ℃ 
 

Figure 2. Synthesis result with different calcination temperatures using Ananas comosus var. cayenne 
(a) at 700 ℃ and (b) at 800 ℃ 
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The temperature selection in this calcination study was based on the sugar level of each pineapple 
extract. The sugar level for each type of pineapple is shown in the table below. 

Table 1. Percentage of Sugar Levels of Pineapple Extract 
Sample %Total Sugar Level (%) Average 

 Repetition 1 40.82  

Ananas comosus var. cayenne   41.305 
 Repetition 2 41.79  

 Repetition 1 52.93  

Ananas comosus var. Queen   54.295 
 Repetition 2 55.66  

 
According to the result of the synthesis of ZnO nanostructures using Ananas comosus var. Queen as 

its chelating agent, ZnO nanostructures are still in their sol-gel form when the temperature is set to 500 
℃ (Figure 1a). Dry granules with a blackish gray color are visible when the temperature reaches 600 ℃ 
(Figure 1b). When the temperature reached 700 ℃, the color shifted to a greenish-white (Figure 1c). In 
800 ℃ the color changed to a light green yellowish (Figure 1d), and finally white dry granules are 
produced when the temperature reaches 900 ℃ (Figure 1e). Meanwhile, when Ananas comosus var. 
cayenne is used as a chelating agent, the ZnO nanostructures change their form into powder at 700 ℃ 
and have a smoother texture at 800 ℃ (Figure 2a and b). 

 
3.2. Characterization of Synthesized ZnO Nanostructure 
The surface morphology of ZnO nanostructures was characterized using Scanning Electron Microscopy 
(SEM). The sample chosen to be studied for its morphology was a sample ZnO nanostructure 
synthesized with Ananas comosus var. Queen as its chelating agent. This is because the Ananas comosus 
var. Queen has the highest sugar level; that would be the important parameter during the sol-gel process. 
A sample with a calcination temperature of 800 °C was then chosen due to its brighter appearance and 
smoother texture. The appearance of the chosen sample can be caused by reduced particle size in the 
nanometer dimension [38]. The result of morphological structure can be seen in Figure 3. To determine 
the particle size, the software ImageJ was used. From the images, it is shown that the ZnO nanostructures 
formed the hexagonal shape within a size range of 0.540-3.614 μm in size and with an average of 1.858 
μm. The particle size produced was still too large, possibly due to agglomeration. 

 

Figure 3. SEM morphological characterization for samples of 800 ℃ calcined Ananas comosus var. 
Queen with a) Scale of 5.000x b) Scale of 10.000x 

 
XRD characterization was conducted to find out the crystalline structure and the crystallite size of 

ZnO crystals. ZnO nanostructures with calcination temperatures of 700 ℃ and 800 ℃ were chosen to 
be tested since it is needed to know the relationship between crystalline and their morphologies. The 
result was then analyzed using XRD MATCH! software and referring to the ZnO JCPDS 36-1452 
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database. According to the result of the XRD test in Figure 4, it can be seen that the formed spectrum 
has a narrow, high, and sharp peak as a result of the formation of crystals, and the ZnO nanostructures 
have high crystallinity properties. A sample with a calcination temperature of 700 ℃ has 31.77°, 34.38°, 
36.28°, 47.56°, 56.63°, and 62.91° as its highest peak point. A sample with a calcination temperature of 
800℃ has 31.79°, 34.47°, 36.29°, 47.57°, 56.60°, and 62.9° as its highest peak point. 

Both samples have hexagonal shaped and wurtzite crystal structures, which have crystal parameters 
of a = 3.25 x 10-10 m and c = 5.21 x 10-10 m. Crystallite size can be calculated using the Scherrer equation; 
the average crystallite size of ZnO nanostructures with calcination temperatures of 700 ℃ is 30.90 nm, 
and the other sample size has a bigger size of 35.10 nm. 

 

Figure 4. XRD patterns of ZnO nanostructures synthesized using Ananas comosus var. Queen as a 
chelating agent at a) 700 ℃ and b) 800 ℃ 

 
3.3 Photocatalytic Activity 
ZnO nanostructures were then used for studying their photocatalytic properties. The tests were then 
carried out to study the effect of calcination temperature and the morphology produced on the 
photocatalytic properties of the ZnO nanostructures. For the first, some samples using Ananas comosus 
var. Queen as a chelating agent were applied. Calcination temperatures of 700 ℃, 800 ℃ and 900 ℃ 
were then studied for their photocatalytic properties. For each sample, 100 mg of ZnO nanostructures 
were then mixed into 20 ml of methylene blue solution with a 10, 12, and 15 ppm concentration, 
respectively. The solution of ZnO nanostructures and methylene blue was then exposed to UV light for 
150 minutes. The results are presented in Figure 5, which shows the performance of the ZnO 
nanostructures with different calcination temperatures and methylene blue concentrations under the 
same exposure time. 
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Figure 5. Degradation percentage and their relationship to calcination temperature ZnO nanostructures 

using Ananas comosus var. Queen as chelating agent using 100 mg sample and 150 minutes 
irradiation time 

 

Figure 6. Comparison of the application of ZnO nanostructure photocatalysts using a sample of 100 
mg in 150 minutes of exposure time. Ananas comosus var. Queen and Ananas comosus var. cayenne 

chelating agent at calcination temperature of a) 700 ℃ b) 800 ℃ 
 

The higher calcination temperature will produce ZnO nanostructures with less ability to degrade 
methylene blue solution. When the crystallite size of the sample is getting bigger and the surface area 
gets smaller, the ability to bind methylene blue will decrease, resulting in weak degradation 
performance. This result corresponds to an XRD result where the ZnO with a calcination temperature 
of 700 °C has smaller crystallite size than the other one with a calcination temperature of 800 ℃. The 
optimum methylene blue degradation rate is at 700 ℃ where it can degrade until 35.86% at 10 ppm 
methylene blue concentration. At a concentration of 12 ppm and 15 ppm, the best solution degradation 
rate is also in the sample with a calcination temperature of 700 ℃. 

Figure 6 shows the differences between Ananas comosus var. Queen and Ananas comosus var. 
cayenne as chelating agents with different concentrations of methylene blue solution, which has 10, 12, 
and 15 ppm and an exposure time to UV light for 150 minutes. The samples using Ananas comosus var. 
Queen as a chelating agent are able to degrade better than samples using Ananas comosus var. cayenne 
as a chelating agent. This is due to the fact that the total sugar level of Ananas comosus var. Queen is 
higher than the total sugar level of Ananas comosus var. cayenne. The chelating agent with a higher total 
sugar content allows less agglomeration, so the smaller particle size was obtained. From both samples, 
the one with the highest degradation percentage of the methylene blue solution is the one with a 
calcination temperature of 700 ˚C compared to 800 ˚C. It is also known that in methylene blue with 12 
ppm has 23.43% degradation percentage and 30.15% at 15 ppm. This result was not better than the 
degradation percentage of methylene blue with a 10 ppm concentration, which is 35.86%. 
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Figure 7. Comparison of five samples to the variation of irradiation time in the 10 ppm concentration 

of methylene blue solution 
 

The longer the exposure time will make more electrons move to the conduction band and produce 
holes in the valence band. This causes many super hydroxides and hydroxyls to be formed, which have 
the function of degrading methylene blue [39]. Figure 7 shows the result of experiments conducted with 
100 mg ZnO nanostructures with different chelating agents calcined at different temperatures and 
dissolved in a 10 ppm methylene blue solution with varying exposure times of 60, 150, and 240 minutes.  

Figure 8 shows us that adding different mass variations of ZnO nanostructures chelated using Ananas 
comosus var. Queen with a 700 oC calcination temperature to a methylene blue solution will have an 
effect on the degradation result with 240 minutes of exposure time. The addition of 100 mg of ZnO 
nanostructures had a better degradation result than the additions of 80 mg and 120 mg of nanostructures. 
This happens because if the 80 mg of ZnO nanostructures are added in a small amount, they will not 
work optimally because the electron excitation that occurs is not enough to degrade the methylene blue 
solution. Likewise, with the addition of 120 mg, adding too many samples will result in suboptimal 
exposure. This is because a large number of ZnO nanostructures will overlap and cause part of the ZnO 
nanostructured sample to be covered at the time of irradiation, causing saturation. 

 

Figure 8. Results of the ZnO Nanostructures Mass Variation in Sample 1 (Ananas comosus var. 
Queen at 700 ℃) 

 
4. Conclusion 
The morphology of ZnO nanostructures with Ananas comosus var. Queen chelating agent at calcination 
temperature of 800 °C shows an average particle size of 1.858 μm and an average crystalline size of 
30.09 nm. ZnO with Ananas comosus var. Queen chelating agent at calcination temperature of 700 °C, 
the result shows that the crystalline size is 17.59 – 45.54 nm and averages 30.90 nm in size. Both samples 
have a hexagonal wurtzite crystalline structure with a = 3.25 x 10-10 m and c = 5.21 x 10-10 m. The 
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optimum degradation occurs in the sample with Ananas comosus var. Queen as the chelating agent, 
which has a calcination temperature of 700 °C. Within 240 minutes of irradiation, the degradation rate 
that occurred was 55.87% at a concentration of 10 ppm methylene blue solution. 
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