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This research aimed to synthesize a semiconductor photocatalyst CaO-MnFe2O4 

nanoparticles using teak (Tectona grandis) leaf extract to degrade methylene blue in 

wastewater. Nanocatalysts were prepared through the precipitation method, while 

anthocyanins in extract acted as a reducing and stabilizing agent in this process. The presence 

of spinel ferrite (Fe-O), and manganese ferrite were indicated by using a Fourier transform 

infrared (FTIR) spectrometer that showed vibrational peaks at areas 538 cm-1 and 872 cm-1, 

respectively. The crystalline phase of CaO-MnFe2O4 was confirmed using an X-Ray 

diffractometer (XRD) that appeared peaks at 2θ: 18º; 29º; 34º; 47º; 52º, while peaks at 2θ: 

32º; 37º and 54º indicated CaO. Through the Debye-Scherrer equation, the CaO-MnFe2O4 

nanoparticles had an average crystal size of 8.6 nm. The morphology of CaO-MnFe2O4 

nanoparticles was clearly visible in the Scanning electron microscope (SEM) results in the 

form of fibrous clumps. The CaO-MnFe2O4 nanoparticles could degrade methylene blue 

with a degradation percentage of 86% over 240 min. 

 

INTRODUCTION 

The usage of methylene blue in the dyeing 

process in the textile industry produces 

carcinogenic and mutagenic water contaminants 

that are difficult to decompose. Non-biodegradable 

dyes are decomposed into non-hazardous products 

using nanoparticles semiconductor photocatalysts 

through photodegradation [1], [2]. 

Nanoparticles have more specific properties 

than large materials because they can penetrate the 

space between cells [3]. A nanoparticle being 

developed is spinel ferrite. Spinel ferrite is a 

particle with the chemical formula MFe2O4, where 

M is a transition metal such as Mn2+, Fe2+, Co2+, 

Ni2+ and Zn2+. Spinel ferrite such as MnFe2O4 have 

a narrow band gap and high saturation 

magnetization so it can be used as semiconductor 

photocatalysts [4]. The photocatalytic activity of 

MnFe2O4 increased when added by supporting 

materials in the form of oxides such as TiO2 [5]. 

Moreover, CaO is potentially used  as a support 

material to increase the photocatalytic activity of 

MnFe2O4 nanoparticles. CaO is semiconductor 

material that had a specific crystal size and surface 

area so it has good catalytic activity [5], [6]. CaO 

could be produced from environmentally friendly 

materials containing calcium carbonate such as 

golden snail shells that potential as catalyst [7].  

Metal nanoparticles can be synthesized using 

top down and bottom up methods, but this method 

has disadventages, namely hazardous waste 

pollution, prepared from synthetic chemicals and 

required high energy [8]. Therefore, an 

environmentally friendly method was developed by 

reducing and stabilizing agents from plant extracts. 

It has been reported that plant extracts such as 

Sumatra mulberry (Morus macroura) leaves [9], 

aloe vera [10], mangosteen leaves [8], and pelawan 

leaves [11] were being used to synthesize 

MnFe2O4, MFe2O4,  nanosilver, and SnO2 

nanoparticles respectively. The extracts of these 

plants contain secondary metabolites used as the 

reducing and stabilizing agent. Fortunately, teak 

(Tectona Grandis) leaf contains secondary 

metabolites such as flavonoids (128.69 mg/100 g), 

anthocyanins (83.89 ppm) and antioxidants 

(47.61%) [12], so that the current study used red 

teak leaf extract as a reducing and stabilizing agent 

to synthesize CaO-MnFe2O4 nanoparticles. This 

research conducted the simple method of extract 

preparation and used abundant and 

environmentally friendly solvent. 

EXPERIMENT 

Materials 

The samples used in this study were Tectona 

grandis linn and Pomacea canaliculata shells from 

South Sumatra, Indonesia. The chemicals 

FeCl3.6H2O, MnSO4.H2O, NaOH were purchased 
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from Merck, while aquadest and methylene blue 

dye was from Pudak Scientific. 

 

Instrumentations 

The size, shape and crystal structure of the 

nanoparticles were characterized using the Arion 

AquaMate8000 UV-visible Spectroscopy, Bruker's 

ALPHA II Compact FTIR Spectrometer,Rigaku 

MiniFlex600 Benchtop X-Ray Diffractometer and 

Scanning Electron Microscope Tescan Vega3. 

 

Procedures 

Teak leaf extract was prepared by boiling 10 

grams of clean teak leaves in 50 ml of aquadest. 

Then cooled and filtered to obtain extract. 

Separately, 0.84 g of MnSO4.H2O were 

dissolved in 10 mL of distilled water and 2.70 g of 

FeCl3.6H2O in 10 mL of distilled water, then mixed 

and stirred at 65 °C for 30 min. The mixture was 

added by 10 mL of teak leaf extract while stirring 

and added by NaOH to increase the pH of the 

mixture, then dropped of CaO solution (10 g of 

CaO in 40 mL of distilled water) and stirred at 65 

°C for 90 min. The mixture was analyzed using 

UV-visible spectroscopy at range wavelength of 

280-800 nm to confirm the formation of 

nanoparticles. Then the mixture was calcined at 

600 °C for 2 h and was used to degrade methylene 

blue.  CaO-MnFe2O4 nanoparticles were 

characterized using FTIR, XRD and SEM. 

The 50 mL of 5 ppms methylene blue 

solution was added with 0.03 g of CaO-MnFe2O4. 

The solution was irradiated under a UV lamp for 

120 min, 180 min and 240 min separately. The 

solution was measured using UV-visible 

spectroscopy to determine the amount of degraded 

methylene blue. 

 

RESULTS AND DISCUSSION 

The Synthesis of CaO-MnFe2O4 Nanoparticles 

MnFe2O4 nanoparticles were synthesized by 

a precipitation method using FeCl3.6H2O as a 

source of Fe3+ ions and MnSO4.H2O as a source of 

manganese. The formation of nanoparticles was 

done by adding red teak leaf extract which contains 

flavonoids in the form of anthocyanins. Flavonoids 

act as reducing and stabilizing agents because they 

have molecules that have stable active sites [13]. In 

this study, an oxide support material namely CaO 

from calcined golden snail shells was added to 

nanoparticles. The calcination process is carried 

out at high temperatures to activate the catalyst and 

to decompose the carbonate groups into CaO [7]. 

The addition of supporting materials increased the 

photocatalytic activity of MnFe2O4. The 

synthesized nanoparticle was a black powder as 

shown in Figure 1.  

 

Figure 1. CaO-MnFe2O4 nanoparticles. 

The CaO-MnFe2O4 nanoparticles were 

confirmed by the UV-Vis spectrophotometer of 

Orion AquaMate 8000 at a wavelength of 280-800 

nm. The results showed that the CaO-MnFe2O4 

nanoparticles had a peak at 498 nm with an 

absorbance of 0.232. The wavelength formed is 

obtained from the calculation of the Tauc Plot. The 

Tauc Plot calculation is a linearity equation to 

determine the gap energy [14], [15]. The band gap 

energy of the CaO-MnFe2O4 nanoparticles was 

2.49 eV (Figure 2). The relation between 

wavelength and slit energy was formulated in 

equation: 

Eg =hc/λ   (1) 

where Eg is the band gap energy (eV), h is Planck's 

constant (6.63×10-34 Js), c is the speed of light 

(3×108 ms-1), and λ is the wavelength of light (m). 

 

 

Figure 2. Plot between (αhv)2 and gap energy. 
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Characterization Results of CaO-MnFe2O4 

Nanoparticles 

 

Fourier Transform Infrared (FTIR) 

The functional group analysis is shown in 

Figure 3 with a wave number range of 4000-500 

cm-1. The spinel ferrite (Fe-O) bond vibration is 

shown at an area of 538 cm-1. The wave number of 

872 cm-1 shows the absorption of the manganese 

ferrite functional group. Senida [15] reported that 

ferrites were indicated at wave numbers below 

1000 cm-1. The vibrations in the area of 1410 cm-1 

and 872 cm-1 were the presence of O-Ca-O and O-

C bonds in the CaO-MnFe2O4 nanoparticles. The 

vibration at 3644 cm-1 shows the presence of OH 

group. The O-Ca-O, O-C and OH groups in CaO-

MnFe2O4 were observed in the 1450 cm-1, 858 cm-

1 and 3640 cm-1 regions, respectively [16]. 

 

 

Figure 3. FTIR Spectra of CaO-MnFe2O4 nanoparticles. 

 
X-ray Diffraction (XRD) 

 According to the ICSD database standard 

No. 028666 for MnFe2O4 and AMCSD No. 

0008277 for CaO, diffractogram in Figure 4 shows 

an appearing peak of 2θ at 18º; 29º; 34º; 47º and 52º 

that indicated MnFe2O4. The presence of CaO in 

the nanoparticles was shown by the appearance of 

a 2θ peak at 32º; 37º and 54º. The crystal size of the 

CaO-MnFe2O4 nanoparticles was calculated using 

the Debye-Scherrer equation as follows: 

𝐷 =
𝑘𝜆

𝛽 cosƟ
    (2) 

where D is the crystal size, λ is the wavelength, k is 

the diffraction constant (0.9) and FWHM (Full-

Width Half-Maximum). The CaO-MnFe2O4 

nanoparticles’s crystal size is about 8.6 nm. 

 

 

Figure 4. Diffractogram of CaO-MnFe2O4 

nanoparticles. 

 

Scanning Electron Microscopy (SEM) 

The morphology of CaO-MnFe2O4 

nanoparticles was characterized using SEM Tescan 

Vega 3 with a voltage of 20 kV. Figure 5 shows the 

results of characterization using SEM at 10k and 

50k magnifications. The characterization results 

showed that the morphology of the nanoparticles 

was clearly visible at 10k magnification. At 10k 

magnification, it is known that the particles are 

fibrous clumps with various particle sizes. Then at 

50k magnification the morphology of the 

nanoparticles only looks like irregular fibers. 

Degradation of methylene blue by CaO-MnFe2O4 

Nanoparticles 

 

Photocatalytic activity of CaO-MnFe2O4 

nanoparticles was applied to degrade methylene 

blue. The λmax of methylene blue obtained was 664 

nm. Degradation was carried out under light and 

dark conditions to ensure that the catalyst prepared 

was classified as a photocatalyst. Percent 

degradation (see Table 1), showed that the 

nanoparticles played a good role in the degradation 

of methylene blue under a light reaction so that 

nanoparticles in the current study act as 

photocatalysts. Kim et.all also reported that 

methylene blue was degraded by photocatalyst, and 

no methylene blue was degraded with absence of 

photocatalyst (in blank test) [17]. 

Photocatalysts absorb photons due to 

electrons in the valence band to excite them into the 

conduction band and produce holes in the valence 

band. This hole interacts with H2O on the surface 

of the photocatalyst to form •OH as a reducing 

agent. The electrons in the conduction band reacted 

with O2 from the air to form superoxide radicals as 

oxidizing agents. The reducing and oxidizing 

agents further degraded the methylene blue and 

produced a simpler product (see Figure 6) [18].
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Figure 5. Morphology of CaO-MnFe2O4 Nanoparticles at magnification: a) 10k; and b) 50k. 

Table 1. Calculation of the percent of degradation 

Time 

(Minutes) 
Absorbance 

Degraded Methylene Blue 

Concentration 

Percent 

Degradation (%) 

 

Average 

The Initial concentration of methylene blue = 5 ppm 

Light Reaction 

120 0.131 4.1571 83 % 
 

84.67 % 180 0.114 4.2665 85 % 

240 0.110 4.2922 86 % 

Dark Reaction 

120 0.415 2.3295 46 % 
 

48.67 % 
180 0.397 2.446 48 % 

240 0.369 2.626 52 % 

 

Figure 6. CaO-MnFe2O4 nanoparticles photocatalyst 

schematic [18]. 
 

The photocatalyst produced •OH which 

broke the C-S=C bond on methylene blue to 

become a sulfate ion by forming a sulfoxide which 

induced the opening of the central aromatic ring. 

The sulfoxide was attacked again by •OH to form 

sulfones due to the dissociation of the two benzene 

rings. The sulfones formed are attacked by •OH to 

form sulfonic acid compounds. The more increased 

irradiation time, the lower concentrations of 

methylene blue that showed methylene blue had 

already degraded. This provided the catalyst with 

time to produce •OH which played an important 

role in the degradation process [18].  Basically, a 

catalyst solution that is irradiated by light produces 

pairs of electrons (e) and holes (h+). The 

photocatalytic activity increases due to retained a 

large number of these photo-excited holes and the 

proportion of active surfaces [19], [20]. 

 
CONCLUSIONS 

 

Teak (Tectona grandis) leaves extract played 

an important role as a reducing and stabilizing 

agent for the synthesis of CaO-MnFe2O4 

nanoparticles. The resulting CaO-MnFe2O4 

nanoparticles were black with an average crystal 

size of 8.6 nm in the form of fibrous clumps. 

Nanoparticles could degrade methylene blue with 

the highest percentage of degradation of 86 % for 

240 min. 



al Kimiya: Jurnal Ilmu Kimia dan Terapan, 

Vol. 9, No. 2 (62-67), December 2022/Jumada Al-Thani 1444 

 

66 

ACKNOWLEDGMENT 

 

The author would like to thank to Integrated 

Laboratory of Universitas Islam Negeri Raden 

Fatah Palembang for the technical support and to 

the anonymous reviewers for their valuable 

comments and suggestions to improve the paper's 

quality. 

 

REFERENCES 

 

[1] E.I. García-López, G. Marcì, and L. 

Palmisano, “Photocatalytic and catalytic 

reactions in gas-solid and in liquid-solid 

systems”, Heterog. Photocatal. 

Relationships with Heterog. Catal. Perspect., 

pp. 153–176, 2019. 

[2] D.E. Chandra, N. Hindryawati, and S. 

Koesnarpadi, “Degradasi metilen biru 

dengan metode fotokatalitik berdasarkan 

variasi berat katalis zeolit-Wo3”, Pros. 

Semin. Kim., pp. 127–130, 2019. 

[3] D.O.B. Apriandanu, S. Wahyuni, S. 

Hadisaputro, and H. Harjono, “Sintesis 

nanopartikel perak menggunakan metode 

poliol dengan agen stabilisator 

polivinilalkohol (PVA)”, ANEC, vol. 36, no. 

2, pp. 157–168, 2013, doi: 

10.15294/ijmns.v36i2.2985. 

[4] H.L. Andersen, M. Saura-Múzquiz, C. 

Granados-Miralles, E. Canévet, N. Lock, 

and M. Christensen, “Crystalline and 

magnetic structure-property relationship in 

spinel ferrite nanoparticles”, Nanoscale, vol. 

10, no. 31, pp. 1–16, 2018, doi: 

10.1039/c8nr01534a. 

[5] A. Imtiaz, M.A. Farrukh, M. Khaleeq-Ur-

Rahman, and R. Adnan, “Micelle-assisted 

synthesis of Al2O3.CaO nanocatalyst: 

Optical properties and their applications in 

photodegradation of 2,4,6-trinitrophenol”, 

Sci. World J., vol. 2013, pp. 1–11, 2013, doi: 

10.1155/2013/641420. 

[6] A. Anantharaman, Ramalakshmi S., and M. 

George, “Green synthesis of calcium oxide 

nanoparticles and its applications”, Int. 

Journal of Engineering Research and 

Application, vol. 6, no. 10, pp. 27–31, 2016,  

[7] S. Rodiah, D. Erviana, F. Rahman, and A.W. 

Budaya, “Modified CaO catalyst from 

golden snail shell (Pomacea canaliculata) 

for transesterification reaction of used 

cooking oil”, Al-Kimia, vol. 8, no. 1, pp. 83–

92, 2020, doi: 10.24252/al-kimia.v8i1.12173 

[8] Y. Masakke, Sulfikar, and M. Rasyid, 

“Biosintesis partikel-nano perak 

menggunakan ekstrak metanol daun 

manggis (Garcinia mangostana L.)”, J. 

Sainsmat, vol. 4, no. 1, pp. 28–41, 2015, doi: 

10.35580/sainsmat4112862015. 

[9] L. Puspitasari and S. Arief, “Ekstrak daun 

andalas sebagai capping agent dalam green 

hydrothermal”, Chimica et natura Acta, vol. 

7, no. 1, pp. 20–26, 2019, doi: 

10.24198/cna.v7.n1.19925. 

[10] S. Phumying, S. Labuayai, E. Swatsitang, V. 

Amornkitbamrung, and S. Maensiri, 

“Nanocrystalline spinel ferrite (MFe2O4, M 

= Ni, Co, Mn, Mg, Zn) powders prepared by 

a simple aloe vera plant-extracted solution 

hydrothermal route”, Mater. Res. Bull., vol. 

48, no. 6, pp. 2060–2065, 2013, doi: 

10.1016/j.materresbull.2013.02.042. 

[11] Y.T. Mustari, Evi.J, A. Noor, R. A. 

Rafsanjani, “Green-synthesis nanopartikel 

SnO2 termediasi ekstrak daun pelawan 

(Tristaniopsis merguensis Griff.)”, J. 

EduMatSains, vol. 4, no. 1, pp. 41–50, 2019, 

10.33541/edumatsains.v4i1.1043. 

[12] M. Hidayat, S. Soeng, S. Prahastuti, T.H. 

Patricia, and K. Yonathan, “Aktivitas 

antioksidan dan antitrigliserida ekstrak 

tunggal kedelai, daun jati belanda serta 

kombinasinya”, Bionatura-Jurnal Ilmu-ilmu 

Hayati dan Fis., vol. 16, no. 2, pp. 89–94, 

2014. 

[13] M. Yasser and E.S. Widiyanti, "Modifikasi 

dan karakterisasi nanopartikel emas-ekstrak 

daun jati dengan L-sistein", Conference: 

Seminar Nasional "Tellu Cappa", pp. 404-

407, 2017. 

[14] M.M.Y. Missa, R.K. Pingak, and H.I. Sutaji, 

“Penentuan celah energi optik ekstrak daun 

alpukat (Persea americana Mill) asal desa 

oinlasi menggunakan metode tauc plot”, J. 

Fis.  Fis. Sains dan Apl., vol. 3, no. 1, pp. 86–

90, 2018, doi: 10.35508/fisa.v3i1.606. 

[15] Z.E. Senida, Ramli, Ratnawulan, and 

Hidayati, “Pengaruh variasi komposisi 

MnFe2O4 terhadap sifat magnetik 

nanokomposit MnFe 2O4/PANi yang 

disintesis dengan metoda sol – gel spin 

coating”, J. Pillar Phys., vol. 12, no. 2, pp. 

17–24, 2019, doi: 10.24036/7535171074. 

[16] S.S. Ghazali, K.L. Kem, R. Jusoh, S. 

Abdullah, and J.H. Shariffuddin, 

“Evaluation of La-doped CaO derived from 

cockle shells for photodegradation of 

POME”, Bull. Chem. React. Eng. Catal., vol. 

14, no. 1, pp. 205–218, Apr. 2019, doi: 

10.9767/bcrec.14.1.3318.205-218. 

[17] M.G. Kim et al., “Photocatalytic degradation 

https://doi.org/10.15294/ijmns.v36i2.2985
https://doi.org/10.1039/c8nr01534a
http://dx.doi.org/10.1155/2013/641420
https://doi.org/10.24252/al-kimia.v8i1.12173
https://doi.org/10.35580/sainsmat4112862015
https://doi.org/10.24198/cna.v7.n1.19925
https://doi.org/10.1016/j.materresbull.2013.02.042
https://doi.org/10.33541/edumatsains.v4i1.1043
https://doi.org/10.35508/fisa.v3i1.606
http://dx.doi.org/10.24036/7535171074
https://doi.org/10.9767/bcrec.14.1.3318.205-218


al Kimiya: Jurnal Ilmu Kimia dan Terapan, 

Vol. 9, No. 2 (62-67), December 2022/Jumada Al-Thani 1444 

 

67 

of methylene blue under UV and visible light 

by brookite-rutile bi-crystalline phase of 

TiO2”, New J. Chem., vol. 45, no. 7, pp. 

3485–3497, 2021, doi: 

10.1039/D0NJ05162D. 
[18] Aprilianingrum and A. Fia, “Optimasi dan 

Regenerasi Fotokatalis Ca1-xCoxTiO3 pada 

Proses Degradasi Metilen Biru dengan Sinar 

UV,” Universitas Negeri Yogyakarta, 2016. 

[19] X. Yin, L. Liu, and F. Ai, “Enhanced 

photocatalytic degradation of methylene 

blue by WO3 nanoparticles under nir light 

irradiation”, Front. Chem., vol. 9, no. July, 

pp. 1–9, 2021. 

[20] C. Hou, B. Hu, and J. Zhu, “Photocatalytic 

degradation of methylene blue over TiO2 

pretreated with varying concentrations of 

NaOH”, Catalysts, vol. 8, no. 12, pp. 575, 

2018, doi: 10.3390/catal8120575. 

 

https://doi.org/10.1039/D0NJ05162D
http://dx.doi.org/10.3390/catal8120575

