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Abstract
In this study, the optimization of carbonization conditions in manufacturing processes was performed to improve the absorp-

tion performance of sewage sludge based sorbent used for treating H,S out of all odorous substances generated by various
environmental facilities. Adsorbents applied were manufactured from the sewage treatment plant under different carbonization
conditions, such as temperature and heating rate, and the correlation between the adsorption performance and physical proper-
ties of the adsorbents was verified. As a result, the adsorption performance of sludge at 900 C with a heating rate of 10
C/min was the best, and the SEM and BET analysis revealed that specific surface area and characteristics of pore (size,
volume) were major parameters for the adsorption. In addition, the effect of K ions used for improving the adsorption per-
formance of the optimum carbonization condition sorbent was insignificant for the sewage sludge based sorbent.
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Table 1. Concentration of Hydrogen Sulfide and Gas Composition by
Source

Table 3. Manufacturing Conditions of Sewage Sludge Adsorbent
Samples

Source H,S concentration Adsorbents Treatment condotions
Biogas 0~500 ppm 550CS 550 C carbonization (10 C/min)
Livestock Facility 116.20 ppm K/550CS 550 C carbonization (10 C/min) + KI
Animal waste water treatment facility 1.24 ppm 700CS 700 C carbonization (10 C/min)
Waste treatment plant 12.20 ppm K/700CS 550 C carbonization (10 C/min) + KI
Plastic recycling center 14.4 ppm K(A)/900CS 900 T carbonization (10 C/min) + KI
K(B)/900CS 900 C carbonization (10 C/min) + KOH
Table 2. Proximate Analysis of Sewage Sludge Sample K(C)/900CS 900 C carbonization (10 C/min) + KOH + HCI
900CS (5) 900 C carbonization (10 ‘C/min)
Component Values . L —
900CS (10) 900 C carbonization (10 ‘C/min)
Moisture 85% . L o
900CS (20) 900 C carbonization (10 ‘C/min)
Ash 4.7%
Combustibles 10.3%

Figure 1. Photograph of sewage sludge sample derived from °‘E’
sewage treatment plant.
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Figure 2. Manufacturing procedure of sewage sludge adsorbent.
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Table 4. Experimental Condition in a Fixed Bed Reactor

Particle size (pum) 359
Temperature (C) 25

Relative humidity (%) 50~60
Inlet gas conc. 0, (%) 21

(N, Balance) H,S (ppm) 20
Adsorbents loadings (g) 0.03
Total flow (cc/min) 500
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Figure 3. Schematic diagram of H,S adsorption test reactor.
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Figure 4. Effect of the carbonization temperature on H,S adsorption
amount of H,S (g/g) for carbonized sludge adsorbents (Experimental
condition: H,S = 20 ppm, O, = 21%, RH = 50-60%, adsorbent
loadings = 0.03 g).
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Figure 5. Effect of the active material coating on H,S adsorption
amount of H,S (g/g) for carbonized sludge adsorbents (Experimental
condition: H,S = 20 ppm, O, = 21%, RH = 50-60%, adsorbent
loadings = 0.03 g).
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Table 5. BET Analysis Results of Different Temperature Carbonized

Sludge Adsorbents

Adsorbents (];]25;) Mean( 1[;»r(;lr)e size Por(tz n\lfsc;lgl;me
550CS 2 25.499 0.0123
700CS 1 36.249 0.0086
900CS 19 14.538 0.0672

K(A)/900CS 23 13.721 0.0770

dv/dlog(D) Pore ¥olhime (cmz.fg)

200
Pore diameter (nm)

Figure 6. Pore size distributions of different temperature carbonized
sludge adsorbents.

Figure 7. SEM images of different temperature carbonized sludge
adsorbents. A: 550CS, B: 700CS, C: 900CS, D: K/900CS.
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Figure 8. Effect of the carbonization heating rate on H,S adsorption

amount of H,S (g/g) for carbonized sludge adsorbents (Experimental

condition: H,S = 20 ppm, O, = 21%, RH = 50-60%, adsorbent

loadings = 0.03 g).
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Table 6. BET Analysis Results of Different Carbonization Heating Rate
Sludge Adsorbents

BET Mean pore size Pore volume
Adsorbents
(m’/g) (nm) (cm'g)
900CS (5) 15 15.401 0.0582
900CS (10) 19 14.538 0.0672
900CS (20) 17 17.675 0.0730
0.10
" 200CS (5)
n — — —  9200CS(10)
0.08 | N 900CS (20)

dV/dlog(D) Pore Volume (cm3ig)

200

Pore diameter (nm)

Figure 9. Pore size distribution of different carbonization heating rate
sludge adsorbents.

o ; ;
Figure 10. SEM images of different carbonization heating rate sludge
adsorbents. A: 900CS (5), B: 900CS (10), C: 900CS (20).
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Figure 11. Effect of the KOH activation on H,S adsorption amount
of H,S (g/g) for carbonized sludge adsorbents (Experimental
condition: H,S = 20 ppm, O, = 21%, RH = 50-60%, adsorbent
loadings = 0.03 g).
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