srmst A Esix], H21A M1 5 (1995)
Kor. ]. Env. Hith. Soc., Vol.21, No.1, pp.21~28 (1995)

Hu A7 |1E FIESH @K S| Pb, Cr, Cd2
RrEoll BAEH W%

YYE -

A -

RS

Hf‘“q_& E’.ﬂt}]@’}'%_ I}ﬂi/—]q,l—,,} *;\1%_‘;“3_} = I}-?j,\,}.b;]-}

A Study on Removal of Pb, Cr, Cd in Wastewater
Using Exhausted Coffee
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School of Public Health Seoul National University
*Department of Environmental Science, Seowon University

ABSTRACT

The removal of heavy metals from synthetic wastewater containing Pb, Cr, Cd using previously
washed and dried exhausted coffee was studied varying concentration, pH and temperature. All
the heavy metals were removed in 30 minutes and the removal efficiency was maximum 80~90%
with different pH and temperature conditions. The differences in removal efficiency between
exhausted coffee and activated carbon under the same conditions were not seen. The removal
efficiency was slightly increased with increasing pH in Cd and increasing temperature in Cr, respec-
tively. The batch adsorption kinetics and adsorption equilibrium were examined and described
by a first order reversible reaction and Freundlich isotherm, respectively. And the removal of
Pb was found to have the best removal efficiency.

Keywords : Wastewater, heavy metal, coffee, Pb, Cr, Cd.
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Table 1. Chemical composition of dried coffee resi-

due
Component Range, g/kg dry matter
Crude proteins(N X 6.25) 102~130
Ether extract 225~283
Crude fiber 466~—510
Ash 7~8
Nitrogen free extract 143~168
Calcium 0.05~0.065
Phosphorus 0.50~0.70
Magnesium 0.15~0.25
Sodium 0.40~0.60
Potassium 0.35~0.45
Zinc 9~12(mg/kg)
Copper 25~ 29(mg/kg)
Manganese 29~ 36(mg/kg)

Table 2. Characteristics of activated carbon
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Fig. 1. Removal rate of Pb by concentration using
exhausted coffee and activated carbon (257).
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Fig. 2. Removal rate of Cr by concentration using
exhausted coffee and activated carbon (25C).
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Fig. 3. Removal rate of Cd by concentration using
exhausted coffee and activated carbon (25T).

Table 3. Removal rate of Pb, Cr, Cd by concentration using exhausted coffee and activated carbon (%, 25C)
Pb Cr Cd
pH Exhausted Activated Exhausted Activated Exhausted Activated
coffee carbon coffee carbon coffee carbon
0.5 ppm 40 20 0 0 80 100
1 ppm 60 60 50 20 31 70
5 ppm 84 82 84 68 40 39.3
10 ppm 73 73 75 37 38.7 393
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Table 4. Removal rate of Pb, Cr, Cd by pH using
exhausted coffee (%)

pH Pb Cr Cd

0.7 4 52 2

1.5 80 84 40
3 100 42 62
6 86 32 90
9 68 20 84

T T T T
100

80 | \‘ b
60 | /_

% Removed
3
»

20 | /. 4‘

F

pH

Fig. 5. Removal rate of Pb, Cr, Cd by pH using
exhausted coffee (5 ppm, 25T).
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Table 5. Removal rate of Pb, Cr, Cd by temperature
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Table 6. Parameters for Freundlich isotherm equa-

using exhausted coffee (%) tion
Pb Cr Cd Pb Cr Cd
10T 82 58 40 k 1.653 0.944 1.081
20T 84 70 42 1/n 0.370 0.428 0.070
30C 87 84 42 r 0.930 0.933 0.979
40C 84 90 43
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Fig. 6. Removal rate of Pb, Cr, Cd by temperature
using exhausted coffee (5 ppm, pH 6).

30 35 40

2o} o|% Fig 6ol vrehAich
dden e gl Afelt Ge 2w
A Fao] A olofufnt o) Wy} 27 gow
7 sele 4e Ao A gk AnAA
o)g Pb, Cr, Cd®] F4% L= 27 G5 w7
e Ao epgod Crel 2%ds ex7t
Ahaoll wel Fahge] ok Frhebelid] ol
Crel §aauo] FAweoR ot Lebiaia
gHolin7h F7hat7) WR Ao Azhech

5. SE2&H

Freundlich®] §-&&2H42 o3 7o) vieh
Ay o]& Pb, Cr, Cde] &zt A &3slols ufe
A3}-2 Table 6, Fig. 7, 8, 99 z+7t vJehigich,

1
logQg = logk + TlogCE
Q:: Amount of heavy metal absorbed per unit
weight of adsorbent(mg/g)

k: Measure of adsorption capacity

1 . .
—: Adsorption intensity
n

sk

0.01 NP 1ol N .
0.01 0.1 1 10

Equilibrium concentration(Ce), mg/l-

Fig. 7. Linearized Freundlich isotherm for Pb on
exhausted coffee (257).
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Fig. 9. Linearized Freundlich isotherm for Cd on
exhausted coffee (257).
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Table 7. The value of first order reaction rate con-
stants for Pb, Cr, Cd
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Pb 0.0762 0.0640 0.0123
Cr 0.0585 0.0491 0.0094
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Fig. 10. First order reversible kinetic fit of Pb on
exhausted coffee (5 ppm, 25C, pH 6).
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Fig. 11. First order reversible kinetic fit of Cr on
exhausted coffee (5 ppm, 25C, pH 6).
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Fig. 12. First order reversible kinetic fit of Cd on
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