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Adsorption mechanism of Cu (Il ) and Zn (I ) on alkaline
silica-enriched biochar composites

HUANG Junfeng, YU Jin, LUO Jinzhi, CAl Yanyan, YAN Jianhui
(School of Civil Engineering, Huaqiao University, Xiamen 361021, Fujian, P. R. China)

Abstract: Heavy metal contamination stemming from industrial waste is an increasingly grave issue with
extensive repercussions for human health and ecological environment. Biochar has been demonstrated to have
significant potential in the remediation of heavy metal pollution. However, the effectiveness of raw biochar is
constrained under conditions of low pH and high heavy metal concentrations. In order to address this challenge
effectively, this study utilized dragon fruit peels as precursors to prepare biochar via pyrolysis at 500 °C for 2
hours. The development of an efficient green adsorbent termed GBMSs (green biochar-metakaolin-sodium
silicate) has been accomplished. Response surface methodology (RSM) tests revealed that GBMSs exhibited

exceptional adsorption performance for zinc, achieving up to 67.37 mg/L. at pH=2. Kinetic and isothermal

Yo #s B #1:2024-06-05

BE&UR : WK A RR A4 (52278351)

PEZ B A R IE(1998- ), 55, % NI I T G P e B IR AL ) S AR e A 18 52 BORBIFFY , E-mail : 22014086015@stu.hqu.edu.cn.
ATan GEE1ES ), B 11, %042 , E-mail : bugyu0717@163.com.

Received: 2024-06-05

Foundation item: National Natural Science Foundation of China (No. 52278351)

Author brief: HUANG Junfeng (1998 -), main research interests: resource utilization of coastal polluted silt and low-carbon
remediation technology, E-mail: 22014086015@stu.hqu.edu.cn.
YU Jin (corresponding author) , PhD, professor, E-mail: bugyu0717@163.com.



244 + K5 33¥ L4

FAROF & L)

% 48 %

adsorption studies indicated that adsorption of Cu and Zn onto GBMSs closely followed the Langmuir model

and the pseudo-second-order kinetic equation, suggesting homogeneous monolayer surface adsorption with a

rapid adsorption rate, and the adsorption capacity increased with rising pH. In-depth analysis using XRD and

SEM-EDS techniques identified chemisorption as the primary adsorption mechanism, with ion exchange,

surface complexation, and co-precipitation playing significant roles. These findings confirm that GBMSs, as an

environmentally friendly and efficient adsorbent, holds considerable promise for the treatment of heavy metal

pollution.

Keywords: biochar; heavy metals; adsorption kinetics; isotherm model; adsorption mechanism
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Table 1 Main chemical compositions of metakaolin and

sodium silicate
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Fig.1 Preparation of biochar
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Table 2 Factors and levels for response surface

methodology experiment
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Fig. 2 Design concept and adsorption performance test of
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Table 3 Elemental contents of dragon fruit biochar

C/% H/% o/% N/%

K/U‘]

P/% C/N C/H C/(O+N)

43.82 5.03 24.64 1.14

17.96

0.78 38.47 8.71 1.70
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Fig.3 SEM-EDS images of dragon fruit biochar
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Fig. 4 Response surface optimization of components for

alkaline silica-rich biochar
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Table 4 Regression analysis and ANOVA for the

quadratic polynomial regression model

e
i 5 Hl 5 F{d PH -

KU B Tk
Model 9 1256.13  139.57 11.40 0.0021 S
A-MK 1 57.25  57.25  4.68 0.067 3
B-PBC 1  175.69 175.69 14.35 0.0068 S
Cc-ss 1 42.55  42.55  3.48 0.104 5

AB 1 0.0756 0.0756 0.0062  0.9395

AC 1 10.99  10.99  0.8979  0.3749

BC 1 60.53  60.53  4.95 0.0615
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B 1 799.07  799.07 65.29  <C0.000 1
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Table 5 Comparison of adsorption properties of different modified biochars for Cu** and Zn**

gl wELER JRE U/ (mg/1) pH{E Q,/(mg/g)
MTCBM (72 %0536 + 5 W e 9y %) Cu*" Zn*! 2 500 5 121.5~134.6
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