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ABSTRACT

Biogas, a clean renewable energy, produced by the breakdown of organic matter
with anaerobic bacteria in the absence of oxygen. Hydrogen sulfide (H,S) containing in biogas
has the most problematic contaminants found according to malodorous gas, harmful to human
health, and highly corrosive to equipment. The aim of this study is to design the hydrogen sulfide
removal unit for household using potassium permanganate (KMnO,) -impregnated activated
carbons. The coconut shell activated carbon was a common adsorbent used in filter media
containing in packed column. The laboratory scale packed column was installed at 4.4 cm inside
diameter, 50.0 cm height, and 40.0 cm bed section. Biogas containing H,S at 1,000-1,500 ppmv
was derived from pig farm and fed to the system. The optimal condition of H,S removal were
investigated using response surface methodology (RSM) for the effect of biogas flow rate 4.0-8.0
L/min, adsorbent weight 25.0-100.0 g, and KMnO, concentration 3.0-9.0 %w/v. The optimum
condition was achieved at activated carbon 77.0 g impregnated with 5.0% w/v KMnO, and
operated at 6.0 L/min biogas flow rate. Breakthrough time of 200 ppmv outlet H,S concentration
was found at 144 minutes. The appropriate regeneration method for saturated adsorbent was
found by re-impregnating with 5.0% w/v KMnO, and dried at 60°C for 12 hours. The regenerated
adsorbent can be used only once and have to be replace for new one. The H,S removal from
biogas by KMnO, impreganted activated carbon in packed column system is an effective way to
use for household. To desing column for small pig farm produced biogas 100 m3/day and

operated 8 hr/day. The packed column is 0.238 m diameter and 0.385 m height was achieved at



®)

biogas flow rate 0.2 m’/min used activated carbon 12.897 kg impregnated with 5.0% w/v KMnO,.

The cost of material, chemical, and energy charge is 23.718 Bath/m’
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Physical Properties Specification
Particle Size Distribution : +8 (2.36 mm) Max 5%
(ASTM MESH/MM) 8*16 (2.36-1.18 mm) Min 90%
(ASTM MESH/MM.) -16 (1.18 mm) Max 5%
Apparent Density Min 0.48 g/cc
Moisture (As Packed) Max 8 %w/w
Ash (As Packed) Max 3.5 %w/w
pH 9-11
Surface Area (BET) Min 1,100 mz/g
Todine Number (AWWA B604) Min 1,050 mg/g
Carbon Tetrachloride Adsorption (ASTM 3467-88) Min 50 %w/w
Hardness Number (ASTM 3802-79) Min 98%
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(%w/v) (mL) N) (%w/v) (%w/v)

8.3 0.90 2.83

3.0 2.89
7.9 0.94 2.96
5.0 1.51 4.76

5.0 4.84
4.8 1.55 4.91
3.7 2.01 6.35

7.0 6.64
34 2.19 6.93
2.9 2.61 8.23

9.0 8.23
2.9 2.61 8.23
2.8 2.69 8.49

11.0 8.80
2.6 2.88 9.10
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43.296 43319 0.023
43.730 43.754 0.024
7.0 0.06
42515 42.61 0.095
42.590 44116 1.526
9.0 1.56
48.004 49.599 1.595
52.769 57.366 4.597
11.0 4.16
41.468 45.185 3.717
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. 5 ANMVNVUVD szansamnms
nawes | Ysmnasia@enInledamin )

Jalasnudalna Maa

FTUY 0.01 N (ml) ,

(%w/v) Jalasnudalna

(min)
Inlet Outlet Inlet Outlet (%)
0 17.90 8.80 1,295.26 0.00 100.00
15 - 8.80 - 0.00 100.00
30 17.60 8.40 1,371.90 54.93 96.22
45 - 8.30 - 67.70 95.34
60 17.20 8.00 1,474.09 106.02 92.70
75 - 7.85 - 125.18 91.38
90 17.00 7.50 1,525.19 169.89 88.30
105 - 7.30 - 195.44 86.54
120 17.20 7.25 1,474.09 201.83 86.10
135 - 6.80 - 259.31 82.14
150 17.30 6.40 1,448.55 310.40 78.63
165 - 5.80 - 387.05 73.35
180 16.80 5.50 1,576.28 42537 70.71
Average 1,452.20
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I¥UY 0.01 N (ml) ,
(%w/v) Jalasnudalna
(min)
Inlet Outlet Inlet Outlet (%)
0 18.30 8.40 1,029.57 0.00 100.00
15 - 8.40 - 0.00 100.00
30 17.30 8.40 1,285.04 0.00 100.00
45 - 8.40 - 0.00 100.00
60 17.20 8.00 1,310.59 47.26 96.19
75 - 7.90 - 60.04 95.16
90 17.90 7.80 1,131.76 72.81 94.13
105 - 7.60 - 98.36 92.06
120 17.40 7.10 1,259.49 162.23 86.91
135 - 6.90 - 187.77 84.85
150 17.30 6.30 1,285.04 264.42 78.67
165 - 6.20 - 277.19 77.64
180 16.95 5.90 1,374.46 315.51 74.54
Average 1,239.42
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I¥UY 0.01 N (ml) ,

(%w/v) Jalasnudalna

(min)
Inlet Outlet Inlet Outlet (%)
0 17.10 8.70 1,430.66 0.00 100.00
15 - 8.70 - 0.00 100.00
30 17.00 8.65 1,456.21 6.39 99.62
45 - 8.60 - 12.77 99.24
60 16.00 8.40 1,711.69 38.32 97.71
75 - 8.30 - 51.10 96.95
90 16.10 8.15 1,686.14 70.26 95.81
105 - 8.10 - 76.64 95.42
120 15.50 7.70 1,839.42 127.74 92.37
135 - 7.60 - 140.51 91.61
150 15.60 7.10 1,813.88 204.38 87.80
165 - 7.00 - 217.15 87.04
180 15.70 6.00 1,788.33 344 .89 79.41
Average 1,675.19
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I¥UY 0.01 N (ml) ,

(%w/v) Jalasnudalna

(min)
Inlet Outlet Inlet Outlet (%)
0 18.50 8.80 1,047.45 0.00 100.00
15 - 8.80 - 0.00 100.00
30 18.30 8.80 1,098.54 0.00 100.00
45 - 8.60 - 25.55 97.72
60 18.20 8.40 1,124.09 51.10 95.43
75 - 8.30 - 63.87 94.29
90 18.65 8.15 1,009.13 83.03 92.58
105 - 8.00 - 102.19 90.86
120 18.10 7.70 1,149.64 140.51 87.44
135 - 7.20 - 204.38 81.73
150 18.00 7.00 1,175.19 229.93 79.45
165 - 6.50 - 293.80 73.74
180 17.80 6.40 1,226.28 306.57 72.59
Average 1,118.62
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I¥UY 0.01 N (ml) ,

(%w/v) Jalasnudalna

(min)
Inlet Outlet Inlet Outlet (%)
0 17.40 22.00 1,016.79 68.98 95.32
15 - 19.60 - 682.12 53.69
30 17.00 18.25 1,118.98 1,027.01 30.28
45 - 16.30 - 1,525.19 0.00
60 14.50 16.10 1,757.67 1,576.28 0.00
75 - 15.90 - 1,627.38 0.00
90 15.60 15.20 1,476.65 1,806.21 0.00
105 - 14.30 - 2,036.14 0.00
120 14.90 13.80 1,655.48 2,163.88 0.00
135 - 12.95 - 2,381.03 0.00
150 14.60 12.50 1,732.12 2,496.00 0.00
165 - 11.70 - 2,700.38 0.00
180 15.30 11.20 1,553.29 2,828.11 0.00
Average 1,473.00
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Talasoudalva Maa

I¥UY 0.01 N (ml) ,

(%w/v) Jalasnudalna

(min)
Inlet Outlet Inlet Outlet (%)
0 17.60 8.50 1,226.28 0.00 100.00
15 - 8.50 - 0.00 100.00
30 17.50 8.50 1,251.83 0.00 100.00
45 - 8.10 - 51.10 96.38
60 17.45 7.60 1,264.60 114.96 91.85
75 - 7.30 - 153.29 89.13
90 16.40 7.20 1,532.85 166.06 88.23
105 - 7.00 - 191.61 86.42
120 16.50 6.60 1,507.31 242.70 82.79
135 - 6.15 - 300.18 78.72
150 16.40 5.70 1,532.85 357.67 74.64
165 - 5.60 - 370.44 73.74
180 16.30 5.30 1,558.40 408.76 71.02
Average 1,410.59
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Talasoudalva Maa

I¥UY 0.01 N (ml) ,

(%w/v) Jalasnudalna

(min)
Inlet Outlet Inlet Outlet (%)
0 16.70 22.20 1,269.71 51.10 96.74
15 - 20.60 - 459.86 70.62
30 15.40 19.50 1,601.83 740.88 52.67
45 - 19.00 - 868.62 44.51
60 15.60 18.40 1,550.74 1,021.90 34.72
75 - 17.85 - 1,162.41 25.74
90 15.90 16.60 1,474.09 1,481.76 5.34
105 - 15.80 - 1,686.14 0.00
120 14.80 15.30 1,755.12 1,813.88 0.00
135 - 15.10 - 1,864.97 0.00
150 15.20 14.70 1,652.93 1,967.16 0.00
165 - 14.40 - 2,043.80 0.00
180 15.20 13.95 1,652.93 2,158.77 0.00
Average 1,565.33
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Talasoudalva Maa

I¥UY 0.01 N (ml) ,

Jalasnudalna

(min)
Inlet Outlet Inlet Outlet (%)
0 16.00 8.47 1,635.04 0.00 100.00
15 - 8.47 - 0.00 100.00
30 16.30 8.47 1,558.40 0.00 100.00
45 - 8.47 - 0.00 100.00
60 16.20 8.40 1,583.95 8.94 99.43
75 - 8.35 - 15.33 99.03
90 16.55 7.70 1,494.53 98.36 93.78
105 - 7.20 - 162.23 89.75
120 16.30 7.10 1,558.40 175.00 88.94
135 - 6.60 - 238.87 84.90
150 16.10 5.90 1,609.50 328.29 79.25
165 - 5.75 - 347.45 78.04
180 16.00 5.50 1,635.04 379.38 76.02
Average 1,582.12



99

a o o O o sy 1 v o a4 A v
M1319N N-2.9 wamimwﬂwllaimmuma"lvmmaamﬂmuﬁmﬂaaumamiazaw

J ¥ o = @
TnunaFoulosuuanuuannududu 5.0% Taniminaeliues Tasaisgagull

[ [ (%) a ] H
40.0 NFY 1AZONIINT 1HAVDIMFTININ 4.0 AATADUIN (MTNAABITN 9)

Y
o g

HINUN

. 5 ANNVNTUVD szansmums
nawes | YsunasiaaenInledamin )
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I¥UY 0.01 N (ml) ,

(%w/v) Jalasnudalna

(min)
Inlet Outlet Inlet Outlet (%)
0 16.60 22.10 1,489.42 102.19 94.20
15 - 20.50 - 510.95 71.02
30 16.30 18.90 1,566.06 919.71 47.84
45 - 17.10 - 1,379.57 21.76
60 14.20 16.70 2,102.56 1,481.76 15.96
75 - 16.00 - 1,660.59 5.82
90 15.60 15.50 1,744.90 1,788.33 0.00
105 - 14.80 - 1,967.16 0.00
120 15.80 14.20 1,693.80 2,120.45 0.00
135 - 13.80 - 2,222.64 0.00
150 15.20 13.50 1,847.09 2,299.28 0.00
165 - 13.20 - 2,375.92 0.00
180 15.00 12.80 1,898.18 2,478.11 0.00
Average 1,763.15
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I¥UY 0.01 N (ml) ,

(%w/v) Jalasnudalna

(min)
Inlet Outlet Inlet Outlet (%)
0 15.70 21.90 1405.11 63.87 95.84
15 - 19.85 - 587.59 61.76
30 15.00 18.25 1583.95 996.35 35.15
45 - 16.30 - 1494.53 2.73
60 14.70 16.10 1660.59 1545.63 0.00
75 - 15.90 - 1596.72 0.00
90 14.30 14.90 1762.78 1852.20 0.00
105 - 14.50 - 1954.39 0.00
120 15.50 14.20 1456.21 2031.03 0.00
135 - 13.10 - 2312.05 0.00
150 15.60 12.60 1430.66 2439.79 0.00
165 - 12.50 - 2465.34 0.00
180 15.50 12.40 1456.21 2490.89 0.00
Average 1536.50
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Talasoudalva Maa

I¥UY 0.01 N (ml) ,

(%w/v) Jalasnudalna

(min)
Inlet Outlet Inlet Outlet (%)
0 17.70 8.60 1,182.85 0.00 100.00
15 - 8.60 - 0.00 100.00
30 17.55 8.50 1,221.17 16.61 98.71
45 - 8.40 - 29.38 97.71
60 17.00 8.00 1,361.68 80.47 93.73
75 - 7.70 - 118.80 90.74
90 17.20 7.50 1,310.59 144.34 88.75
105 - 6.80 - 233.76 81.78
120 17.50 6.50 1,233.95 272.08 78.80
135 - 6.25 - 304.02 76.31
150 16.90 5.80 1,387.23 361.50 71.83
165 - 5.20 - 438.14 65.86
180 17.30 4.90 1,285.04 476.46 62.87
Average 1,283.22
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I¥UY 0.01 N (ml) ,

(%w/v) Jalasnudalna

(min)
Inlet Outlet Inlet Outlet (%)
0 19.95 8.73 638.69 0.00 100.00
15 - 8.73 - 0.00 100.00
30 19.30 8.73 804.75 0.00 100.00
45 - 8.50 - 29.38 96.41
60 18.90 8.10 906.94 80.47 90.18
75 - 7.80 - 118.80 85.50
90 19.65 7.20 715.33 195.44 76.15
105 - 5.80 - 374.27 54.32
120 18.20 5.70 1085.77 387.05 52.76
135 - 5.70 - 387.05 52.76
150 19.70 5.20 702.56 450.91 44 .97
165 - 495 - 482.85 41.07
180 19.00 4.60 881.39 527.56 35.61
Average 819.35
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I¥UY 0.01 N (ml) ,

(%w/v) Jalasnudalna

(min)
Inlet Outlet Inlet Outlet (%)
0 17.40 8.65 996.35 0.00 100.00
15 - 8.55 - 12.77 98.65
30 17.60 8.50 945.26 19.16 97.98
45 - 8.30 - 4471 95.28
60 17.70 8.10 919.71 70.26 92.58
75 - 8.10 - 70.26 92.58
90 17.75 7.90 1124.09 95.80 89.88
105 - 7.55 - 140.51 85.16
120 17.90 6.50 868.62 274.64 71.00
135 - 6.40 - 287.41 69.65
150 17.80 6.35 894.16 293.80 68.98
165 - 5.60 - 389.60 58.86
180 17.85 5.20 881.39 440.70 53.47
Average 947.08
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(%w/v) Jalasnudalna

(min)
Inlet Outlet Inlet Outlet (%)
0 17.40 8.70 1,366.79 0.00 100.00
15 - 8.70 - 0.00 100.00
30 17.70 8.70 1,290.15 0.00 100.00
45 - 8.60 - 15.33 98.94
60 17.50 8.40 1,341.25 40.88 97.18
75 - 7.80 - 117.52 91.89
90 16.70 7.80 1,545.63 117.52 91.89
105 - 6.90 - 232.48 83.95
120 16.80 6.80 1,520.08 245.26 83.07
135 - 6.70 - 258.03 82.19
150 16.95 6.50 1,481.76 283.58 80.43
165 - 6.00 - 347.45 76.02
180 16.50 5.70 1,596.72 385.77 73.38
Average 1,448.91
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I¥UY 0.01 N (ml) ,

(%w/v) Jalasnudalna

(min)
Inlet Outlet Inlet Outlet (%)
0 16.10 8.50 1430.66 0.00 100.00
15 - 8.50 - 0.00 100.00
30 16.00 8.40 1456.21 15.33 99.02
45 - 8.35 - 21.72 98.61
60 15.60 8.10 1558.40 53.65 96.57
75 - 7.90 - 79.20 94.94
90 15.30 7.70 1635.04 104.74 93.31
105 - 7.40 - 143.07 90.86
120 15.50 6.90 1583.95 206.94 86.78
135 - 6.50 - 258.03 83.52
150 15.30 6.30 1635.04 283.58 81.89
165 - 5.70 - 360.22 76.99
180 15.20 5.20 1660.59 424.09 7291
Average 1,565.70
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I¥UY 0.01 N (ml) ,

(%w/v) Jalasnudalna

(min)
Inlet Outlet Inlet Outlet (%)
0 16.60 22.05 1,405.11 63.87 95.84
15 - 19.95 - 600.37 60.93
30 15.90 18.40 1,583.95 996.35 35.15
45 - 16.45 - 1,494.53 2.73
60 15.60 16.25 1,660.59 1,545.63 0.00
75 - 16.05 - 1,596.72 0.00
90 15.20 15.05 1,762.78 1,852.20 0.00
105 - 14.65 - 1,954.39 0.00
120 16.40 14.35 1,456.21 2,031.03 0.00
135 - 13.20 - 2,324.83 0.00
150 16.50 12.75 1,430.66 2,439.79 0.00
165 - 12.65 - 2,465.34 0.00
180 16.40 12.55 1,456.21 2,490.89 0.00
Average 1,536.50
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(min)
Inlet Outlet Inlet Outlet (%)
0 18.10 8.50 1,098.54 0.00 100.00
15 - 8.50 - 0.00 100.00
30 17.30 8.45 1,302.92 6.39 99.45
45 - 8.40 - 12.77 98.90
60 18.10 8.00 1,098.54 63.87 94.51
75 - 7.90 - 76.64 93.42
90 18.30 7.70 1,047.45 102.19 91.22
105 - 7.60 - 114.96 90.13
120 18.00 7.40 1,124.09 140.51 87.93
135 - 7.20 - 255.48 78.06
150 18.20 7.10 1,073.00 281.02 75.86
165 - 7.00 - 344.89 70.38
180 16.90 6.90 1,405.11 395.99 65.99
Average 1,164.24
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Talasoudalva Maa
STV 0.01 N (ml) d
(%w/v) Jalasnudalva
(min)
Inlet Outlet Inlet Outlet (%)
0 13.60 6.90 124417 178.83 87.76
15 - 7.10 - 153.29 89.51
30 11.90 12.30 1,678.47 788.14 46.07
Average 1,461.32
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lslasoudalva Maa
32U 0.01 N (ml) d
(%w/v) lalasoudalva
(min)
Inlet Outlet Inlet Outlet (%)
0 17.10 8.30 1,302.92 63.87 94.74
15 - 8.20 - 76.64 93.68
30 17.80 7.40 1,124.09 178.83 85.26
45 - 4.40 - 562.05 53.68
Average 1,213.51
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Talasoudalna Maa
F2U 0.01 N (ml) d
Talasoudalva
(min)
Inlet Outlet Inlet Outlet (%)
0 16.30 7.00 1,021.90 0.00 100.00
15 - 7.80 - 12.77 99.05
30 15.60 6.60 1,200.73 166.06 87.68
45 - 5.90 - 255.48 81.04
60 15.00 4.60 1,354.02 421.53 68.72
75 - 3.50 - 562.05 58.29
90 13.20 2.70 1,813.88 664.24 50.71
Average 1,347.63
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Talasoudalva Maa

I¥UY 0.01 N (ml) ,

(%w/v) Jalasudalna

(min)
Inlet Outlet Inlet Outlet (%)
0 16.30 8.30 1,302.92 0.00 100.00
15 - 8.30 - 0.00 100.00
30 16.20 8.00 1,328.47 38.32 97.32
45 - 7.90 - 51.10 96.43
60 15.50 7.80 1,507.31 63.87 95.54
75 - 7.70 - 76.64 94.64
90 15.60 7.60 1,481.76 89.42 93.75
105 - 7.50 - 102.19 92.86
120 15.70 7.40 1,456.21 114.96 91.96
135 - 7.10 - 153.29 89.29
150 15.90 6.50 1,405.11 229.93 83.93
165 - 5.70 - 332.12 76.79
180 15.40 5.40 1,532.85 370.44 74.11
Average 1,430.66
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Jalasnudalna Maa
FTUY 0.01 N (ml) ,
(%w/v) Jalasnudalna
(min)
Inlet Outlet Inlet Outlet (%)
0 16.70 8.30 1,200.73 0.00 100.00
15 - 8.30 - 0.00 100.00
30 16.50 8.10 1,251.83 25.55 98.13
45 - 7.90 - 51.10 96.26
60 15.90 7.80 1,405.11 63.87 95.33
75 - 7.70 - 76.64 94.39
90 16.30 7.60 1,302.92 89.42 93.46
105 - 7.50 - 102.19 92.52
120 15.50 7.40 1,507.31 114.96 91.59
135 - 7.00 - 166.06 87.85
150 15.40 6.40 1,532.85 242.70 82.24
Average 1,366.79
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Talasoudalna Maa
F2U 0.01 N (ml) )
Jalasoudalna
(min)
Inlet Outlet Inlet Outlet (%)
0 18.10 7.60 1,167.52 93.25 91.83
15 - 6.90 - 182.66 84.00
30 18.00 6.30 1,193.07 259.31 77.29
45 - 5.50 - 361.50 68.34
60 18.30 4.60 1,116.43 476.46 58.28
75 - 4.00 - 553.10 51.57
90 18.40 3.70 1,090.88 591.43 4821
105 - 2.00 - 808.58 29.19
Average 1,141.98



113

Y o v o @ s & 1 v o 1
M3 a-4.3  wansmdama lalasoudalddronsiuyaamaunuiudunudula

a 1 o 4 g’/ {
miwyﬂeum"lﬂmﬁeuﬁlwmﬁaxmtﬂmmm%mﬂammmmﬂ AN 2

. 5 AV VUUD szansmnms
nawves | Wmnaslamnealnledania )
Talasoudalna Maa
F2U 0.01 N (ml) d
(Y%w/v) Talasoudalva
(min)
Inlet Outlet Inlet Outlet (%)
0 16.30 7.70 1,193.07 38.32 96.67
15 - 6.20 - 255.48 77.79
30 16.60 4.30 1,116.43 472.63 58.92
45 - 3.80 - 536.50 53.37
60 16.50 2.30 1,141.98 728.11 36.71
Average 1,150.49




M15190 A-4.4

114

Aa a o w @ J 9 1 o ) oA A Y
Waﬂﬁ3ﬁ‘ﬂ‘ﬁﬂﬁ/‘lfﬂﬁﬂ"l"l]@llaiﬂﬁﬁlu“]faleﬂ ANYDTIUNUUUANIADDUNIY

J ¥ o =3 ¥ @
miaxmaTwuwm%mﬂemmmmmmm%’u%’u 5.0% Iﬂﬂuﬁ’iuﬂﬂﬂﬂiu1ﬂ3u1ﬁuﬂﬁﬁﬂﬂ

Y] [ (Y] [ a 1
$1 77.0 ATY LAZONTINT 1HAUDINIFTININ 6.0 ANTADUIN

. 5 ANNVNTUVD szansmums
nawes | YsunasiaaenInledamin )
Talasoudalva Maa
I¥UY 0.01 N (ml) ,
Jalasnudalna
(min)
Inlet Outlet Inlet Outlet (%)
0 14.90 7.00 1,302.92 0.00 100.00
15 - 7.00 - 0.00 100.00
30 14.80 6.80 1,328.47 25.55 98.13
45 - 6.20 - 102.19 92.50
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Talasoudalna Maa
F2U 0.01 N (ml) d
(Y%w/v) Talasoudalva
(min)
Inlet Outlet Inlet Outlet (%)
0 14.60 7.10 1,175.19 12.77 98.97
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Inlet Outlet Inlet Outlet (%)
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45 - 3.70 - 43431 64.58
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75 - 2.20 - 625.91 48.96
Average 1,226.28
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Abstract: Biogas, a renewable energy, has the main
constituents of methane (CHy) and carbon dioxide (CO2).
Hydrogen sulfide (H>S) containing in biogas has the most
problematic  contaminants  found  according to
malodorous gas, harmful to human health, and highly
corrosive  to  eguipments. In this study, potassium
permanganate (KMnQsy) -impregnated activated carbons
was applied as a porous adsorbent for H.S removal
in packed column. The laboratory column with 50 cm
height and 4.7 cm inner diameter was set to find for
optimum condition and measure % H.S removal
efficiency. Biogas containing H>S at 1300-2000 ppmv was
pumped from anaerobic digester of pig farm and fed to the
packed column. The optimum condition was achieved at 5
%aw/v KMnQs concentration, 6 L/min biogas flow rate,
and 77 g adsorbent weight. The packed colummn has
breakthrough time ar 144 minutes with 89.95% of H:S
removal efficiency. This HS treatment system has
effectively performed and possibly applied for the actual
use in biogas system from pig farm.

KeyWords: Hydrogen sulfide / Removal / Activated
carbon / Impregnation / Potassium permanganate

1. INTRODUCTION

Currently, energy shortage is one major problem for the
limited natural resources. All units including household,
farmer, and agriculture attempt to find clean and safe
energy fo use as renewable energy. One of great
interesting energy is biogas, a combustible gas, produced
by anaerobic digestion which microorganisms break down
biodegradable material in an absence of oxygen and low-
temperature. Biogas can be substituted for liquefied
petroleum gas (LPG), converted to electricity for heating
piglet nurseries, hot water or lighting, reduce fertilizer
costs. The main constituents of biogas are methane (CHy)
and carbon dioxide (COz), but 1t also contains hydrogen
sulfide (H>S) and other impurities

Hydrogen sulfide is a flammable and colorless gas that
has smells like rotten eggs and directly effected to human
health. The H»S concentration over 200 ppmv is
dangerous to respiratory failure wihtin seconds and
olfactory fatigue [1]. The presence of HoS and water make
biogas very corrosive to machine contacting the gas. Its
strong acid could cause internal damage of equipments.
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Therefore, the use of HyS removal system is required
before utilizing the biogas as a type of renewable energy.

Many methods have been developed over years for
H:S removal from biogas to obtain low concentration [2]
Activated carbon 1s widely used as adsorbents for air
purification because therr ugh surface area. Activated
carbon contains in the packed column for HoS adsorption.
This kind of adsorbentcould be improvedthe remowval
capacity by impregnation with chemmcal solution [3].
Potassium permanganate (KMnOy), an oxidizing agent
and fast reaction, has been applied for H,S removal in
many system. The reactionsare given in Eq.l for the
solution pH > 7.5. [4]

3H,S+H8KMnOy — 3K;504+2H,0+2K0H+8Mn0O, (1)

In thus study, chemucal adsorptions using activated
carbonbase were evaluated for thewr H»S ehinmnation
efficiency from biogas. Potassium permanganate
impregnated on the activated carbon was filled i packed
column and studied for the effect of biogas flow rate,
concentration of KMnQs, and weight of adsorbent
Optimum condition at H>S removal efficiency higher than
80% and breakthrough time of 200 ppmv outlet HiS
concentration in biogas was observed.

2. MATERIALS AND METHODS
2.1 Materials

Granular activated coconut shell, surface area 1100
m%g based carbon is a commercial product purchased
from Mazuma Thailand Co., Ltd. A quantity of 100 g of
the activated carbon was impregnated with 150 mL of 3-9
%w/v KMnOy at room temperature for 1 hour. After that,
it was dried in the oven at 60°C for 12 hours and store in
a desiccator as standby.
2.2 Biogas

Biogas confammng H>S at 1300-2000 ppmv from
anaerobic digester of pig farm at Thung Wang, Songkhla,
Thailand
2.3 Hydrogen sulfide removal unit

The packed bed adsorption system was designed and
operated to study the removal of HS from biogas using
the KMnO, impregnated activated carbon. A laboratory-
scale apparatus was installed and run at room temperature
asshownin Fig 1.
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Fig.1 A schematic diagram of the H2S adsorption umnit.

Biogas containing HS was pumped from anaerobic
digester of pig farm and fed to the bottom of the packed
column. Biogas flow rate was constantly controlled by
valve and measured by rotameter. The packed column 1s
50 em height, 4.7 cm inner diameter, and 40 em bed
section. Pressure drop of the gas flowing through column
was measure with U-tube manometer. H>S of inlet and
outlet streams were sampling during experimental passed
through a mdget impinger containing a cadmmum sulfate
(CdS04) solution which forming cadmium sulfide (CdS)
as H>S 1s absorbed. The concentration of H»S was
measured from amount of CdS formed by iodometric
method [7]. Breakthrough time is period between the
adsorbent exposure to a harmful substance breakthrough
outlet H»S concentration reach 200 ppmv. The H,S
removal efficiency was calculated according to the
following equation:

[H:S]in — [H;S]out
Bk ke

Efficiency (%) = [75]in

100

where [ILS]in and [I;S]out are inlet and outlet H,S
concentration m ppmv, respectively.

3. RESULTS AND DISCUSSIONS

3.1 Effect of KMnO+ concentration

The results of biogas treatment by H,S removal unit
according to the effect of KMnO,4 concentration on HaS
removal efficiency and breakthrough time at 200 ppmv
outlet H,S concentration are presented in Table 1. Flow
rate of biogas and weight of adsorbent were constantly
controlled at 6 L/min and 63 g, respectively. The response
of HaS removal efficiency as functions of KMnOs
1mpregnation concentration on Ha>S removal efficiency 1s
presented as a curve mn Fig2? and the response of
breakthrough tume at 200 ppmv outlet H>S concentration
as functions of KMnOy4 impregnation concentration on
breakthrough time is presented as a curve in Fig 3.

Table 1. The effect of KMnOs concentration impregnated
on activated carbon on H:S removal efficiency and
breakthrough time at 200 ppmv outlet H>S concentration.

H:S
Run K:’:::O‘ removal Breakthrough
(%w. ,f‘..-) efficiency time (min)

(50)

1 3 84.7 102

2 4 86.38 114

3 5 87.17 119

4 6 87.06 118

5 7 86.06 110

6 8 84.17 95

7 9 81.39 73

&8

; T
v

84

H:S removal efficiency (%)

80
3 4 3 6 7 § 9

KMnO, concentration (%w/v)

Fig.2 The effect of KMnOj concentration impregnated on
activated carbon on H;S removal efficiency at
breakthrough time of 200 ppmv H3S in biogas outlet.

= D
= = =

Breakthrough time (min)
o
=

3 4

5 3 7 8 9
KMnO, concentration (%w/v)

Fig.3 The effect of KMnOy concentration impregnated on
activated carbon on breakthrough time of 200 ppmv HaS
m biogas outlet.

As can be seen, the maxinmum breakthrough time and
HS removal efficiency were at 5 %w/v EKMnOy
concentration. The result indicated that breakthrough time
and H»S removal efficiency were increased by increasing
KMnO, concentration in the range of 3-5 %w/v KMnO;.
The tume and the efficiency were decreased when the
concentration was increased mn the range of 6-9 %w/v
KMnOq. This is according to the over concentration of the
chemical impregnation can plugged n the pore of the
activated carbon.
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3.2 Effect of biogas flow rate

The results of biogas treatment by HaS removal unit
according to the effect of biogas flow rate on HyS removal
efficiency and breakthrough time at 200 ppmv outlet HoS
concentration are presented in Table 2. Concentration of
KMnO, and weight of adsorbent were constantly
controlled at 6 %w/v and 63 g, respectively.

Table 2. The effect of biogas flow rate on H:S removal
efficiency and breakthrough time at 200 ppmv outlet H:S
Concentration.

Biogas ) i
flow H_Su?mmal Breakthrough
Run efficiency . .
rate %) i time (min)
Wminy |
1 4 82.43 131
2 5 86.54 126
3 6 87.06 118
4 7 83.98 107
5 8 77.31 93
_ %0
£ g8
i:\
£ 86
E: 84
=
% 80
% 78
=
4 5 6 7 H

Biogas flow rate (L/min)

Fig.4 The effect of biogas flow rate on HyS removal
efficiency at breakthrough time of 200 ppmv H,S in
biogas outlet.

- =
= =

120
110

g

90
80
T0
60

Breakthrough time (min)

.

5 6 7
Biogas flow rate (L/min)

Fig.5 The effect of biogas flow rate on breakthrough
time of 200 ppmv H»S in biogas outlet.

o

The response of H»S removal efficiency as functions of
biogas flow rate on H>S removal efficiency 1s presented as
a curve in Fig4 As can be seen, the maximum H)S
removal efficiency was at 6 L/nun biogas flow rate. The
result indicated that H,S removal efficiency was increased
by increasing biogas flow rate in the range of 4-6 L/mun.
The efficiency was decreased when the flow rate was
increased in the range of 7-8 L/min. The response of
breakthrough tume at 200 ppmv outlet H2S concentration
as functions of biogas flow rate on breakthrough time is
presented as a curve m Fig.5. As can be seen, the
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maximum breakthrough time was at 4 L/min biogas flow
rate. The result indicated that breakthrough time was
decreased by decreased biogas flow rate. Due to
maximum HS removal efficiency different from
maximum breakthrough time to choose appropriate point
at 6 L/min biogas flow rate because breakthrough time
different about 10 minutes but it can obtain increase gas 2
L/min. This is according to the length of time a compound
1s retained on a packed column It is appropriate retention
time.

3.3 Effect of adsorbent weight

The results of biogas treatment by H:S removal umt
according to the effect of adsorbent weight on IH,S
removal efficiency and breakthrough time at 200 ppmv
outlet H>S concenfration are presented m Table 3.
Concentration of KMnO4 and flow rate of biogas were
constantly controlled at 6 %wi'v and 6 L/mun, respectively.

Table 3. The effect of adsorbent weight on HaS removal
efficiency and breakthrough time at 200 ppmv outlet H2S
concentration.

R Adsorbent HS rtfmuval Breakthrough
un . efficiency . .
weight (g) ) ! time (min)

1 25 5292 0

2 49 79.24 12

3 63 87.06 118

4 771 8932 143

5 100 80.99 135

The response of H»S removal efficiency as functions
of adsorbent weight on H;S removal efficiency is
presented as a curve in Figé and the responmse of
breakthrough time at 200 ppmv outlet HaS concentration
as functions of adsorbent weight on breakthrough time is
presented as a curve in Fig7. As can be seen, the
maximum breakthrough time and H>S removal efficiency
were at 77 g adsorbent weight The result indicated that
breakthrough tmme and H>S removal efficiency were
mcreased by increasing adsorbent weight in the range of
25-77 g. The time and the efficiency were decreased when
the adsorbent weight was increased m 100 g. This is
according to the length of time biogas contact with
KMnO;-impregnated activated carbon in a packed
column_ It is appropriate retention time.

90
85
30
75
70
65

H,S removal efficiency (%)

0 30 40 50 60 F0O 80 90 100
Adsorbent weight (g)

Fig 6 The effect of adsorbent weight on HaS remowval
efficiency at breakthrough time of 200 ppmv HaS in
biogas outlet.
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Fig.7 The effect of adsorbent weight on breakthrough
time of 200 ppmv H>S in biogas outlet.

3.4 Optimum condition

The optimization condition was achieved at 5 %w/v
KMnOs concentration, 6 L/min biogas flow rate and 77 g
adsorbent weight. HoS removal efficiency is 89.95% by
using constrain of outlet H»S concentration at 200 ppmv.
H,S removal efficiency is presented in Fig. 8.

100 4—
o5

o0

H,S removal efficlency (%)

a 15 30 45 60 TS 90 105 120 135 130 16F 180
Lime {min)

Fig_8 H;S removal efficiency at optumum condition.

52 = =2 L & &
2 2 2 2 2 2

]

H,S outlet concentration (ppmy)

0
O 15 30 45 80 7§ 90 105 120 135 150 165 180
Time {min)

Fig.9 HuS breakthrough curves of KMnO4 impregnated
activated carbon adsorption at optimum condition.

HoS breakthrough curves for KMnOs-impregnated
activated carbon in packed bed column was achieved at
optimum condition is presented n Fig9 The
breakthrough tume measured for the adsorbent was shown
at 144 minutes by using constrain of outlet H,S
concentration at 200 ppmv.

4. CONCLUSIONS

The optumum condition for the HaS removal from
biogas was achieved at 5 %w/v KMnO4 concentration, 6
L/mm biogas flow rate, and 77 g adsorbent weight. The
packed colummn has the breakthrough time at 144 muinutes
with 89.95% of H»S removal efficiency by using constrain
of outlet H»S concentration at 200 ppmv. This system can
effectively perform for the biogas treatment by applying
the impregnation on activated carbon.
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