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Abstract

The objective of this research is to investigate the effects of H,S loading rate and total
alkalinity on removal efficiency of high concentrated H,S obtained from biogas production from
ethanol industry wastewater (molasses wastewater) by anaerobic digestion. Biogas produced from
ethanol wastewater consists of 69.5-74.0 % methane, 25.3-28.1 % carbon dioxide and more 10,000
ppm hydrogen sulfide. The reactor works with combined chemical and biological processes to
solve the problem of clogging of the sulfur sediment in the system. The reactor includes reaction
tank, aerator tank, sedimentation tank and water tank, with the addition of Paracoccus sp. bacteria
into aerator tank, filling only once at startup. The results showed that the efficiency of the removal
of H,S was 99.9+0.1 %, methane was increased 12.2-16.5 % and carbon dioxide was reduced 36.6-
53.2 %, in condition of the H,S loading rate at 150 and 300 ¢ H,S/m’-h and wastewater alkalinity
controlled at 4,500 mg/L as CaCO,. At the 600 g H,S/m’-h H,S loading rate and 12,000 mg/L as
CaCO; alkalinity, it was found that a trace amount of hydrogen sulfide was also simultaneously

reduced to 0-18 ppm.

Keywords: hydrogen sulfide; high concentrated H,S; alkalinity; combined chemical and biological

processes; ethanol industry
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concentrations on human body [5]

H,S concentrations
Effects
(ppm)
30 Loss of smell after 2-15 minutes (olfactory nerves).
100 Coughing, eye irritation, altered breathing, drowsiness after 15-30 minutes
Marked conjunctivitis and respiratory tract irritation after 1 hour. Pulmonary
200 edema may occur from prolonged exposure
500 Staggering, serious damage to eye, and death after 30-60 minutes
Rapid unconsciousness, “ knockdown” , breathing stops, death within
700 minutes
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H,S (gas) + OH" — HS (liquid) + H,0 (1)
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Table 2 Parameters for biogas system operation

Parameters Position sampling Methods
Component of biogas No. (1), (5) GFM Series Portable Gas Analysers
pH No. (2), (3), (4) Horiba LAQUA twin Compact pH Meter - pH11
ORP No. (2), (3), (4) ORP electrode InLab Redox Flow

Table 3 Characteristics of influent and effluent from biogas reactor

Parameters Influent Effluent
pH 5.0 7.2
TCOD (mg/L) 29,074 5971
Total nitrogen (mg/L) 838 396
Alkalinity (mg/L as CaCOs) 1,310 4,804
Total volatile solid (mg/L) 34,935 11,439
Volatile solids (mg/L) 23,850 5,917
Potassium (mg/L) N/A 1,331
Sulfate (mg/L) N/A 1,652
Sulfide (mg/L) N/A 22.40
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Figure 3 H,S removal efficiency at different

alkalinity and H,S loading rates
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Figure 4 Concentrations of Methane, Carbon
dioxide and Hydrogen sulfide in

reaction tank

Table 4 Influent and effluent biogas, pH and ORP value of wastewater in biogas tank

H,S loading Influent biogas Effluent biogas
Alkalinity ORP
rate CHq co, |0, | HS CH, Co, | 0, | H,S pH
(mg/L) (mV)
(gH,S/m3.h) (%) (%) | (%) | (ppm) (%) (%) | (%) | (ppm)
4,500 | 71.0+0.9|27.4+0.4 | 0 | 12,000 | 82.7+0.5 | 12.8+1.6 | O 0 8.2+0.1 [-360+30.7
150 6,000 71.5£0.9 | 27.2£0.5| 0 | 12,000 | 91.8+1.5 | 4.2+1.0 | O 0 8.8+0.4 | -326+5.9
9,000 |72.4+0.8|25.9+0.4| 0 | 11,500 | 90.8+2.5| 3.0£0.7 | O 0 [9.9+0.3 |-316+20.7
4,500 71.0+1.7 | 28.1+0.8 | O | 12,000 | 79.6+1.7 | 17.8+1.8 | 0 | 0-22 |8.3+0.1 |-298+28.2
300 6,000 71.9+1.3 1 26.6£0.5| 0 | 12,000 | 81.9+1.2 | 16.1+0.9 | O | 0-36 |8.5+0.2 | -320+7.9
9,000 72.6+0.8 | 25.7£0.3 | 0 | 12,000 | 86.3+1.6 | 11.2+2.0 | O 0 9.1+0.3 [-313+56.0
657-
4,500 71.9+0.6 | 25.9+0.5| 0 | 12,000 | 76.1+0.4 | 22.0+0.4 | O 8.2+0 |[-355+27.8
1,822
600 63-
6,000 |73.0+1.2|27.0£0.7 | O | 12,000 | 77.0+0.8 | 22.1+0.5| 0 8.1+0.1 |-332+13.7
299
9,000 71.9+0.8 | 26.1£0.2 | 0 | 12,000 | 79.3+1.7 | 18.6+1.3 | O | 0-225 | 8.9+0.3 |-340+25.4
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