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Abstract: Electrochemical oxidation combined with reagents of O3, H,O; and FeCl; was conducted
in this study to treat the wastewater from wet fermentation of Yunnan arabica coffee. In addition, the
effect of oxidants on the efficiency of wastewater treatment, the binding capacities of the oxidants
to proteins, the degradation of organic pollutants in the wastewater, and the formation of oxidized
organic components were systematically investigated. The results reveal better performance of O3-
combined electrochemical oxidation (63.60% COD removal efficiency) for treatment of organic species
in coffee wastewater than that of the electrochemical processes with H,O, (47.70% COD removal
efficiency) and FeCl; (34.48% COD removal efficiency). The synergy of the electrooxidation/Og
process (0.0133 A /cm?, 20 mg/L-2 L/min) could not only raise the pH value (3.70~4.20, 5.14~5.44)
of the wastewater and reduce the NaOH dosage of 2.80~3.7 g/L, but also effectively degrade the
proteins, lipids, unsaturated hydrocarbons, and carbohydrates, with a total chemical oxygen demand
(COD) value above 20,000 mg/L. After the oxidation treatment, some organic components remained
in the wastewater, including 31.94% of S-containing organics, lignin, condensed aromatic compounds,
and aromatic structural compounds, which are difficult to be utilized by microorganisms. In addition,
it was found that OH™ could bind to proteins and affect the required amount of NaOH addition,
whereas the protein binding energy of Oj is higher than that of HyO», indicating a stronger ability
of O3 to oxidize proteins. Therefore, the combination of O3 and electrochemical oxidation can be
considered as an effective method to treat organic pollutants in the wastewater from wet fermentation
of Yunnan arabica coffee.

Keywords: coffee wastewater; wet fermentation; electrochemical oxidation; organic components

1. Introduction

Coffee is one of the most widely produced and traded agricultural products [1].
China’s coffee beans are dominated by Yunnan arabica coffee because of the unique cli-
matic conditions of its growth. To meet market demands for coffee beans with better quality,
wet fermentation has been becoming the common processing method used by coffee pro-
ducers. More than 80% of Yunnan arabica coffee is currently fermented using the wet
processing method to degrade the mucilage, which consists of hemicelluloses, pectin sub-
stances and sugars [2]. However, for the fresh fruit fermentation of Yunnan arabica coffee, a
large amount (1~2 tons) of clean water is required. Moreover, a variety of by-products, such
as coffee pulp, parchment, and wastewater, are produced during the wet processing [3]. The
wastewater from wet fermentation of Yunnan arabica coffee (e.g., at Yunnan Simao Beigui
Coffee Co., Ltd. from 2022 to 2023) has been measured to have the following typical param-
eter values: chemical oxygen demand (COD) of 31,333.33-31,666.67 mg/L, five-day bio-
chemical oxygen demand (BODs) of 1270-1350 mg/ L, total salt content of 1017-1032 mg/L,

Water 2024, 16, 343. https:/ /doi.org/10.3390/w16020343
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Preparation of structured biochar, its adsorption capacity of N and P and its
characterization

Liang Fanfan?, Liu Yungen?a, Wang Yana“, Yang Silin® and Ma RongP

® College of Ecology and Environment, Southwest Forestry University, Kunming 650224, China
®Yyunnan Key Laboratory of Ecological Environment Evolution and Pollution Control in Mountainous Rural Areas, Kunming 650224, China
*+Corresponding author' E-mail: wycaf@126.com

ABSTRACT

Structured biochar (SC) was prepared by biochar from cattail-sludge mixture (CS) and high-density polyethylene (HDPE) and treated as an
adsorbent, and the KH;PO, and NH,CI solution were treated as adsorbates, to explore the adsorption capacity of phosphorus (P) and nitrogen
(N) on SC in water. A single factor experimental method was employed to determine the optimal parameters for SC. The results showed that:
60% sizing amount, 5N (cm?)™" molding pressure, 160 °C molding temperature and 95 min molding time were optimal parameters for SC
preparation. The adsorption of P and N on SC conforms to the Langmuir model, with the distribution of adsorption sites on the surface tend-
ing to be even. The adsorption of P and N on SC is favorable and spontaneous, and the adsorption tends to be monolayer adsorption with a
maijor role for chemical adsorption. The higher the temperature, the higher the adsorption capacity of Pand N on SC is, and the affinity of SC
with P is higher than that with N. The pseudo-second-order kinetic model for the adsorption of N and P by SC has a high degree of fit. The
PHpzc value of SC was 8.57. The hydrophobicity and stability of SC are rather high, with the surface particles closely bonded and increased
roughness and pore diameter. The adsorption mechanism of P and N on SC can be attributed to pore filling, electrostatic attraction and
hydrogen bonding. The results can provide a new technology for the resource utilization of cattails and sludge, a new idea for the recycling
and reuse of biochar, and a basis for the selection of materials for the treatment of eutrophic water bodies.

Key words: adsorption mechanism, cattail-sludge, nitrogen, phosphorus, structured biochar

HIGHLIGHTS

® The optimal parameters for SC preparation was determined as follows: the composite with HDPE (200 mesh) mixed with CS at a mass ratio
of 3:2 was first molded under a pressure of 5N(cm?)~", heated at 160 °C for 95 min, and finalized after cooling.
® The adsorption mechanism of P and N on SC can be attributed to pore filling, electrostatic attraction and hydrogen bonds.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Licence (CC BY 4.0), which permits copying, adaptation and
redistribution, provided the original work is properly cited (http://creativecommons.org/licenses/by/4.0/).
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Preparation of Biochar and lts Adsorption Performance
for Nitrogen and Phosphorus in Water

LIANG Fan-fan', SU Qian', MA Rong'*, LIU Yun-gen'
(1. College of Ecology and Environment, Southwest Forestry University , Kunming 650224, China; =
2. Yunnan Key Laboratory of Ecological Environment Evolutiong and Pollution Control in Mountainous Rural Areas,Kunming 650224, China) 7‘

Abstract ; Using cattail-sludge biochar and polyethylene to prepare structured biochar as adsorbents, K
and NH,Cl as adsorbents, the preparation of structured biochar and its adsorption performance to nitrogen
phosphorus in water were studied. The single factor experiment method was used to screen and characterize E
optimal parameters of structural biochar. The research results show that; structured biochar is prepared with 60°
sizing amount, 5 N + em ~> molding pressure, 160°C molding temperature,, and 95 min molding time ; the adsory
of nitrogen and phosphorus by the structured biochar conforms to the Langmuir model, which is simple Mole
layer adsorption, has higher affinity for phosphorus than nitrogen, and the adsorption of nitrogen and phosphorus
structural biochar is spontaneously beneficial; structural biochar is better than cattail-sludge biochar,
improves the hydrophobicity and stability of structural biochar. The surface particles are tightly bound, and &
adsorption mechanism of nitrogen and phosphorus can be attributed to pore filling, electrostatic adsorption, =
hydrogen bonding.

Keywords ; cattail ; sludge; structural biochar; mechanical strength; nitrogen phosphorus
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