Orange peel waste using to obtain catalysts for caffeine degradation
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In 2021, 16 214 982 Tons of oranges were produced in Brazil, with the South Region responsible for 6.25% of
production (IBGE, 2021). Even with defined destinations (i.e. export and commercialization within the country), it is
natural that a lot of waste is generated due to the amount of production. With this in mind, research is needed to
better use solid orange waste, specifically orange peel. This waste can be used for water treatment, such as textile
industry wastewater (BEDOYA BETANCUR et al., 2022), to remove toluidine blue (LAFI; REZMA; HAFIANE,
2015), methylene blue (GIRALDO et al., 2022; MECHATI et al., 2023), Cd** (GIRALDO et al., 2022), and dyes
(GUIZA; FRANCK; BAGANE, 2018) from aqueous solutions.

Magnetic nanocatalysts can be produced using orange peel extract for water treatment, due to advantages such as
easy recovery at the end of the process and the efficiency of the catalytic activity of the metals that compose them
(OLIVEIRA et al., 2023; R.P. OLIVEIRA; G. LENZI, 2023). This application, in addition to being efficient for
water treatment, promotes sustainability minimally by the application of the Principle of the Green Chemistry 3, 5, 7,
and 9 (“Less hazardous chemical synthesis”, “Safer solvents and auxiliaries”, “Use of renewable feedstocks”, and
“Catalysis”, respectively)(ANASTAS; WARNER, 1998) and the Sustainable Development Goals 6 and 12 ("Clean
water and sanitation" and "Responsible consumption and production”, respectively)(UNITED NATIONS
DEVELOPMENT PROGRAMME, 2015).

Over 2.25 billion cups of coffee are consumed in the world daily (DRIVERESEARCH, 2024). Of course, coffee is
not the only product that is caffeine-containing. But as a consequence of the high ingestion daily of this compound
(by drinks, foods, drugs, among others), caffeine is one more emerging pollutant. Like other emerging pollutants, it
involves research to know different ways to degrade it (DE ALMEIDA et al., 2021).

In this research, magnetic nanocatalysts synthesized with orange peel, cobalt ferrite and niobium pentoxide was
applied to the degradation of Caffeine by CWPO (Catalytic Wet Peroxide Oxidation), Figure 1. A design of
experiments (DoE) was performed to evaluate the influence of temperature, pH and catalyst concentration in
solution, Tablel. Testing revealed that more than 70% of the caffeine was degraded. The study is being improved by
degradation optimizations, as indicated by the results of DoE.
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Figure 1. Scheme illustration of CWPO reaction. A) Reactor
B) Solution with caffeine and catalysts C) Glycerin bath
D) Stirring and temperature control plate E) Condenser
F) Ultrathermostatic bath.

Table 1. Values of design of experiments to evaluate the caffeine degradation by CWPO.

Run pH Temperature (K) catalyst concentration (mg.L') catalyst weight (g)

A 7.00 333 302 0.045
B 1.95 333 1000 0.150
C 4.00 353 1415 0.212
D 10.00 353 1415 0.212
E 4.00 353 585 0.088




F 12.05 333 1000 0.150
G 4.00 313 1415 0.212
H 4.00 313 585 0.088
I 10.00 353 585 0.088
J 10.00 313 585 0.088
K 10.00 313 1415 0.212
L 7.00 367 1000 0.150
M 7.00 299 1000 0.150
N 7.00 333 1698 0.255
o 7.00 333 1000 0.150
P 7.00 333 1000 0.150

Source: Authors (2024).

References:

ANASTAS, P.; WARNER, . 12 Principles of Green Chemistry. Disponivel em:
<https://www.acs.org/content/acs/en/greenchemistry/principles/12-principles-of-green-chemistry.html>.

BEDOYA BETANCUR, S.; AMAR GIL, S.; ARDILA A., A. N.; ARRIOLA V, E.;; BARRERA Z., R;
HERNANDEZ, J. A.; ZEPEDA, T. A. Developing bioadsorbents from orange peel waste for treatment of raw textile
industry wastewater. DESALINATION AND WATER TREATMENT, v. 250, p. 80-99, 2022. Disponivel em:
<http://www.deswater.com/DWT _abstracts/vol 250/250 2022 80.pdf>.

DE ALMEIDA, L. N. B.; JOSUE, T. G.; FIDELIS, M. Z.; ABREU, E.; BECHLIN, M. A_; DOS SANTOS, O. A. A ;
LENZI, G. G. Process Comparison for Caffeine Degradation: Fenton, Photo-Fenton, UV/H202 and UV/Fe3+.
Water, Air, & Soil Pollution, v. 232, n. 4, p. 147, 10 abr. 2021. Disponivel em:
<https://link.springer.com/10.1007/s11270-021-05115-1>.

DRIVERESEARCH. 2024 Coffee Consumer Report - Consumption Habits , Preferences , & Spending. [s.1:
s.n.].

GIRALDO, S.; ACELAS, N. Y.; OCAMPO-PEREZ, R.; PADILLA-ORTEGA, E.; FLOREZ, E.; FRANCO, C. A ;
CORTES, F. B.; FORGIONNY, A. Application of Orange Peel Waste as Adsorbent for Methylene Blue and Cd2+
Simultaneous Remediation. Molecules, v. 27, n. 16, p. 5105, 11 ago. 2022. Disponivel em:
<https://www.mdpi.com/1420-3049/27/16/5105>.

GUIZA, S.; FRANCK, L.; BAGANE, M. Adsorption of dyes from aqueous solution under batch mode using
cellulosic orange peel waste. Desalination and water treatment, v. 113, p. 262-269, 2018. Disponivel em:
<http://www.deswater.com/DWT _abstracts/vol 113/113 2018 262.pdf>.

IBGE. Producio de Laranja. Disponivel em: <https://www.ibge.gov.br/explica/producao-agropecuaria/laranja/br>.
Acesso em: 12 jul. 2023.

LAFI, R.; REZMA, S.; HAFIANE, A. Removal of toluidine blue from aqueous solution using orange peel waste
(OPW). Desalination and Water Treatment, v. 56, n. 10, p. 2754-2765, 4 dez. 2015. Disponivel em:
<http://www.tandfonline.com/doi/full/10.1080/19443994.2014.982962>.

MECHATIL F.; DJILANI, C.; BOUSSAHA, N.; MESSIKH, N.; BOUSSAHA, E.; MOUMEN, A.; BOUCHALTA,
C.; MEDJRAM, M. S. Adsorption of methylene blue onto activated carbon prepared under N2/microwave radiation
supported cobalt: kinetics, isotherms, and thermodynamics studies. Desalination and water treatment, v. 284, p.
288-300, 2023. Disponivel em: <http://www.deswater.com/DWT _abstracts/vol 284/284 2023 288.pdf>.
OLIVEIRA, J. R. P; RIBAS, L. S.;; NAPOLI, J. S.;; ABREU, E.; DIAZ DE TUESTA, J. L.; GOMES, H. T,
TUSSET, A. M.; LENZI, G. G. Green Magnetic Nanoparticles CoFe204@Nb502 Applied in Paracetamol Removal.
Magnetochemistry, v. 9, n. §, p. 200, 5 ago. 2023. Disponivel em: <https://www.mdpi.com/2312-7481/9/8/200>.
R.P. OLIVEIRA, J.; G. LENZI, G. Advances in the use of green and sustainable synthesis to obtain nanomaterials.
In: Green Chemistry for Environmental Sustainability - Prevention-Assurance-Sustainability (P-A-S)
Approach. [s.1.] IntechOpen, 2023. p. 28.

UNITED NATIONS DEVELOPMENT PROGRAMME. The sdgs in action. Disponivel em:
<https://www.undp.org/sustainable-development-
goals?gclid=Cj0KCQjwnrmIBhDHARISADJ5b_njdNkJH46X1fGzeft s8lwrll8 WsqfeBfcvkkX4xuHFeYDOLKDz64a
AhUIEALw_wcB>. Acesso em: 12 jul. 2023.



