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ABSTRACT

In this study, the adsorption of Cu?* and Cd** from aqueous solution on the biochar derived from used coffee grounds at
different pyrolysis temperatures has been investigated as a potential low-cost treatment method for heavy metal-containing
waters. Three biochar samples prepared by heating coffee sludge at temperature of 300°C (B300), 500°C (B500), and
700°C (B700) were tested for the adsorption capacity and kinetics of Cd and Cu. Also the influencing factor of heavy
metal removal by ion exchange in terms of cation exchange capacity (CEC) of each biochar was measured. Adsorption of
Ca and Cu by biochar produced at higher pyrolysis temperature showed higher adsorption capacity but the optimal
pyrolysis temperature based on performance and economy was known as 500°C. Sorption of Cu and Cd by biochar
followed a Langmuir model at pH 6~6.5, attributing mainly to surface sorption. The biochar was more effective in Cu and
Cd sorption than activated carbon (AC), with BC 500 being the most effective, which indicates that sorption of Cd and Cu
by coffee sludge biochar is partly influenced by chemical sorption on surface functional group as well as physical sorption.
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Table 1. Chemical analysis of the biochars and the activated carbon (AC)
Temperature CEC Exchangeable base cations (cmol kg ') Yield
Biomass o - o
®) (cmol kg™) Ca K Na Mg (%)
RAW 17.03 1.41 3.11 2.26 3.12 100
Coffee 300 447 0.05 0.37 1.68 0.86 33
Sludge 500 33.58 1.28 597 2.93 2.63 25
700 34.63 0.90 9.15 2.46 1.86 24
Activated Carbon (AC) - 28.04 4.81 0.07 1.99 0.60 -
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Fig. 1. Adsorption isotherms of Cu(Il) and Cd(II) by biochar and
activated carbon (biochar dosage 0.5 g/L, initial Cu(II) and Cd(1I)
concentration 0.5-6 mg/L, initial pH = 6).
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Fig. 2. Langmuir isotherm model for Cu(II) and Cd(II) adsorption
onto the biochar and activated carbon.
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Table 2. Isotherm constants for adsorption of Cu(Il) and Cd(II) onto biochar

Langmuir isotherm

Freundlich isotherm

a b (mg/g) r’ n k r?
AC Cu 3.22 7.576 0.976 243 5.09 0.691
Cd 5.98 3.891 0.994 0.230 0.01 0.991
B300 Cu 0.79 2.088 0.989 2.01 0.86 0.919
Cd 0.44 2.674 0.969 0.67 1.52 0.945
B500 Cu 2.44 7.874 0.945 242 4.98 0.585
Cd 2.24 3.745 0.990 0.43 0.17 0.871
B700 Cu 1.58 7.042 0.989 2.13 3.66 0.872
Cd 0.76 2.833 0.992 0.49 0.84 0.993
1.2
o B500
0.8 -
g
J o6} g
(&) Q [+)]
"¥ 0 ° o
-
04+ © 0
02}
0.0

0 5 10 15 20 25 30
t(h)
Fig. 4. Effect of contact time on the removal of Cu(ll) onto

biochar B500 and activated carbon (biochar dosage 0.5 g/L,
initial Cu(Il) concentration 6 mg/L, initial pH = 6).
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Table 3. Kinetic parameters for the adsorption of Cu(Il) onto biochar B500 and activated carbon based on the pseudo-first and pseudo-

second order equations

Pseudo-first order

Pseudo-second order

ki () q. (mg/g) k (gmg-min) g (Mg/g) r
AC 0.026 2.655 0.689 0.577 6.667 0.999
B500 0.036 5.167 0.978 0.181 7.874 0.997

t(h)

Fig. 6. Pseudo-second order kinetics for Cu(Il) adsorption.
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