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In recent years, biochar has received much attention as soil amendment, enhancing soil fertility and reducing
toxicity of heavy metals with its large specific surface area and high pH. Biochar has also the effect of
alleviating global warming by carbon sequestration from recycling organic wastes by pyrolysis. However,
scattering of fine particles of biochar is a hindrance to expand its use from human health point-of-view.
Alginate, a natural polymer without toxicity, has been used for capsulation and hydrogel fabrication due to its
cross-linking nature with calcium ion. In this study, the method of cross-linkage between alginate and calcium
ion was employed for making dust-free biochar bead. Then an equilibrium adsorption experiment was
performed for verifying the adsorption effect of biochar bead on heavy metals (cadmium, copper, lead,
arsenic, and zinc). Results showed that biochar bead had effects on adsorbing heavy metals, especially lead,
except arsenic.
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Adsorption of heavy metals in 500ppm stock solution (See figure 2).
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Fig. 1. Schematic diagram of Cross-linking process (Science & Food, 2013).

Table 1. Properties of biochar used in this study.

pH EC CEC Cd Cu Pb Zn
1:5 (water) ds m" cmol kg'] mg kg'1
10.64 0.79 10.9 0.20 22.30 1.19 15.97
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Fig. 2. Adsomption of heavy metals in Sppm stock solution
(Stock sol.: Heavy metal solution without biochar bead, SA1
C0.05: Sodium alginate 1% + CaCl; 0.05M, SA1 C0.1:
Sodium alginate 1%+ CaCl, 0.1M, SA1 (0.5: Sodium alginate
1% + CaCl, 0.5M, SA1.5 C0.05: Sodium alginate 1.5% +
CaCl; 0.05M, SA1.5 C0.1: Sodium alginate 1.5% + CaCl,
0.1M, SAL.5 C0.5: Sodium alginate 1.5% + CaCl, 0.5M,
SA2 C0.05: Sodium alginate 2% + CaCl, 0.05M, SA2 C0.1:
Sodium alginate 2% + CaCl, 0.1M, SA2 C0.5: Sodium
alginate 2%+ CaCl, 0.5M).
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Fig. 3. Adsorption of heavy metals in 50ppm stock solution
(See figure 2).
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Fig. 4. Adsorption of heavy metals in 100ppm stock solution
(See figure 2).
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Fig. 5. Adsorption of heavy metals in 250ppm stock solution
(See figure 2).
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Fig. 6. Adsorption of heavy metals in 500ppm stock solution
(See figure 2).

Table 2. Calculated adsorption constants for Langmuir and Freundlich isotherm model.

Sodium CaCl, Cd Cu
alginate (%) (M) Qm' b* K 1 Qm b k I/n
0.05 47797 0.0027 4918 0.651 275.02 0.0058 9.056 0.508
1 0.1 313.13 0.0039 5.993 0.575 246.61 0.0065 9.620 0.485
0.5 110.51 0.0063 4.259 0.486 173.38 0.0083 9.413 0.442
0.05 720.62 0.0016 3.279 0.739 430.49 0.0033 6.095 0.613
1.5 0.1 606.88 0.0017 3.111 0.724 396.47 0.0035 6.274 0.599
0.5 227.24 0.0025 2.325 0.647 289.68 0.0043 6.331 0.559
0.05 720.62 0.0016 1.878 0.865 430.49 0.0033 2.236 0.828
2 0.1 606.88 0.0017 2.265 0.812 396.47 0.0035 3.086 0.763
0.5 506.34 0.0014 2.063 0.745 524.02 0.0021 3.850 0.685
Sodium CaCl, Pb Zn
alginate (%) (M) Qm b k I/n Qm b k 1/n
0.05 12889.03  7.99E-05 0.963 1.006 242.29 0.0049 6.409 0.536
1 0.1 37513.15  2.68E-05 1.033 0.993 265.69 0.0031 3.786 0.607
0.5 3145.01 3.38E-04 1.477 0.923 108.14 0.0033 1.778 0.588
0.05 119906.09  8.36E-06 0.957 1.007 351.19 0.0034 5.480 0.600
1.5 0.1 40998.16  2.45E-05 1.033 0.994 285.46 0.0035 4.710 0.592
0.5 4513.57  2.30E-04 1.318 0.944 89.50 0.0067 3.869 0.469
0.05 119906.09  8.36E-06 0.933 1.011 351.19 0.0034 3.499 0.708
2 0.1 40998.16  2.45E-05 0.996 1.001 285.46 0.0035 2.986 0.701
0.5 18150.07  5.56E-05 1.071 0.986 358.81 0.0011 1.063 0.768
me: maximum adsorption capacity.
“b: adsorption equilibrium constant.
%k adsorption equilibrium constant.
1/n: Freundlich constant.
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