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Abstract

Manganese ions contained in water phase are acting as a toxic substance in the human body and also known to affect the
nervous system. In particular, effective treatment technology is required since manganese removal is difficult due to its high
solubility in a wide pH range. In this study, Prinus densiflora bark was chemically modified with hydrogen peroxide, and
the modified adsorbent was used for removing manganese ions in an aqueous solution. The modified adsorbent showed high
removal capacity of 82.1 and 56.2%, respectively, at conditions of 5 and 10 mg/L manganese ions. Also, the adsorption iso-
therm from the data was applied to the theoretical equation. As a result, the adsorption behavior of manganese ions was better
suited to the Langmuir than Freundlich model, and it was also found from kinematics that the pseudo-second order kinetic
model was more suitable. In addition, the changes of Gibbs free energy indicated that the adsorption reaction became more
spontaneously with increasing temperature. Consequently, these experimental results may be used as a water treatment technol-
ogy which can efficiently treat manganese ions contained in water.
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Figure 1. Comparisons of manganese ion removal by using activated
carbon and Pinus densiflora biochar.
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Table 1. Pseudo First order and Pseudo Second Order Kinetic Model Parameters of Adsorption of Manganese ion by Pinus densiflora Biochar

and Modified Pinus densiflora Biochar

Cone Pseudo-first order Pseudo-second order Qe €xp
’ Adsorbent B
(mg/L) q. (mg/g) k; (1/min) I q. (mg/g) ks (g/mg - min) r (mg/g)
Pinus densiflora biochar 0.418 0.054 0.977 0.700 0.225 0.993 0.659
Modified Pinus densiflora biochar 0.573 0.090 0.959 1.068 0.272 0.995 1.006
Pinus densiflora biochar 0.649 0.046 0.965 1.007 0.125 0.990 0.948
Modified Pinus densiflora biochar 1.042 0.088 0.962 1.783 0.132 0.993 1.650
(2) 5 mg/L T sus A 9T R %LE%Z% M 7hEEAY] Sk
0] Qlste] @7k o] AA sHol P AoR PR QITH11-13].
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Figure 2. Removal of manganese using Pinus densiflora biochar and
modified Pinus densiflora biochar.
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Table 2. Intraparticle Diffusion Parameters for Adsorption of Manga-
nese lons by Pinus densiflora Biochar and Modified Pinus densiflora
Biochar

Conc. kiq

(mg/L) Adsorbent (mg/g - min) R?
)5 Pinus densiflora biochar 0.066 0.993
Modified Pinus densiflora biochar 0.099 0.998
Pinus densiflora biochar 0.080 0.989
Modified Pinus densiflora biochar 0.158 0.994
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Figure 3. Manganese ion adsorption behavior using Pinus densiflora
biochar and modified Pinus Pinus densiflora for weber and morris
model.
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Table 3. Thermodynamic Parameters for Adsorption of Manganese Ions by Modified Pinus densiflora Biochar at the Different Temperatures

Conc. (mg/L) Temperature (K) AG (kJ/mol) AS (KJ/mol - k) AH (kJ/mol) E. (kJ/mol)
298 -3.71
5 308 -6.20 0.186 51.4 10.4
318 -7.40
298 -0.56
10 308 -1.93 0.106 30.8 7.56
318 -2.66

Table 4. Adsorption Isotherm Parameters of Manganese lons by Pinus densiflora Biochar and Modified Pinus densiflora Biochar for Langmuir
and Freundlich Equation

Freundlich constants Langmuir constants
Adsorbent Kr (mg" (WL n r b (L/mg) Qn (mg/g) r
r (Mg g g 2/g

Pinus densiflora biochar 0.76 2.88 0.979 1.32 1.53 0.997

Modified Pinus densiflora biochar 1.58 4.38 0.987 4.54 2.32 0.992
PR FEeAME E] gHAH)S 30.8 kI/mollE HEREA & ZFPIAE B 717F 0,998, 0.9970]7, Freundlich?] 2] 73-9-¢lli= 0.964,
WHERlE Sele 5 STk )T S Wsh e B AHE E 0904%H Langmuird) S AENZE w ANVAT} 0 % 5 9]
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