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Adsorption Characteristics of Heavy Metal and VOCs of Pyrolysis Char from Organic Waste
Sludge

Sang-Sook Park* - Hwa-Young KangT

Department of Health and Environmental, Hanyeong Technical College
*Division of Civil and Environmental Engineering, Sunchon National University

ABSTRACT : This research programme include investigation of the adsorption behavior of heavy metals and VOCs by pyrolysis char
for using landfill cover material. The volatile potions in the sludge gasified during the pyrolysis period and gave birth to porosity
throughout the matrix. The result of the ad/desorption experiment of nitrogen to find out the formation of some pore by the gasification
of the volatile matter, we can certify that the pyrolysis char(14.56 m’/g) has increased twice more than the organic wasted sludge(6.68
m’/g) in specific surface area. The pyrolysis char has the adsorption characteristic of medium type of Type II and V in BDDT
classification, and showed a little micro pore. In the adsorption experiment of ethylbenzene and toluene, as a result of applying the
Freundlich adsorption isotherms, the pyrolysis char was higher in the adsorptivity of ethylbenzene and toluene than the granite and the
organic wasted sludge. The results of the heavy metal adsorption test for the char indicated that it had some ability of adsorption. It is
suggest that pyrolysis char has some advantages for utilizing as landfill covers because the pyrolysis char can adsorb/absorb hazardous
substances from the landfill sites and inhibit the ground water and soil contamination.
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Table 1. GC/MS operating parameters for analysis of toluene
and ethylbenzene

Parameter Operation Condition
GCMS GC/MS-QP5050(SHIMADZU)
DB-5 Capillary Column
Column (60 m* 025 mmx 025 pm)
Carrier Gas He at 1.2 mL/min

Injection Temp. 240°C
60°C(1 min hold)
60~2207C (6 C/min)

Oven Temperature

p .

rogramming 220°C(13 min hold)
Detector Mode Scan Mode
Mass Scan Range 50~350 amu
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Fig. 1. Oxygen uptake rate of pyrolysis chars and waste
sludge.
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Fig. 2. Adsorption-desorption isotherm of nitrogen at 77 K
on waste sludge.
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Fig. 3. Adsorption-desorption isotherm of nitrogen at 77 K
on pyrolysis char at 500°C for 40 min.
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Fig. 4. Adsorption-desorption isotherm of nitrogen at 77 K
on granite.
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Fig. 5. Adsorption-desorption isotherm of nitrogen at 77 K
on commercial powder activated carbon.
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Fig. 6. Sorption equilibrium test of toluene (50 ppm) on
each materials.

Table 2. Characteristics of materials calculated from BET
model, MP-method and t-plot

Sample Waste . Activated
Items Sludge Char Granite Carbon
BET(m’/g) 6.80 14.82 4.30 821.80
Meso Pore 6.80 14.74 4.80 700.10
Area(m/g)
Micro Pore 0.00 0.08 0.00 121.60
Area(m’/g)
Table 3. Average pore diameter of materials
Sample Waste . Activated
Item Sludge Char Granite Carbon
Average Pore
Diameter(A ) 289.7 253.1 283.6 1233
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Table 4. Freundlich equations and n, k constants of toluene
on each materials
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Fig. 9. Freundlich isotherm of ethylbenzene on each materials.

Table 5. Freundlich equations and n, k constants of ethyl-
' benzene on each materials

Items Items
. ; k

Samples Equation n k Samples Equation n
Waste Sludge | y=10131x+0.8935 | 0.98706 | 7.82528 Waste Sludge | y=0.9801x+1.4346 | 1.02030 | 27.20194
Char y=09696x+1.0711 | 1.03135 | 11.77877 Char y=09727x+1.5242 | 1.02806 | 33.43489

har : i : i

¢ a’7 _G;amte y=09115x+ 1.0351 | 1.09709 | 10.84176 Chai ; G,fgmte y=09909x+1.1132 | 1.00918 | 12.97776
Granite y=09943x+0.4315 | 1.00573 | 2.70084 Granite y=1.1003x-0.1033 | 0.90884 | 0.78831
Activated Carbon | y=09881x+1.7098 | 1.01204 | 51.26252 Activated Carbon | y=1.0340x + 1.6248 | 096711 | 42.15023
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Fig. 10. Sorption equilibrium test of Cd and Pb on waste

sludge and pyrolysis char at 500°C for 40 min.
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Fig. 11. Freundlich isotherm of Cd and Pb on pyrolysis
char at 500°C for 40 min and waste sludge.

Table 6. Freundlich equations and n, k constants of metals
on each materials

Samples ltems Equation n k
Waste | Cd | y=0.7166x+09250 | 1.39540 | 841453
Shudge | Pb | y=0.7060x +0.8460 | 1.41651 7.01455
Char Cd | y=19289x-51529 | 051843 | 7.0x10°
Pb | y=06501x+0.7760 | 153813 | 5.97090
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Photo 2. SEM photograph of field soil.
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Photo 3. SEM photograph of waste sludge.

Photo 4. SEM photograph of pyrolysis char at 500°C for
40 min.
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