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Kinetic Study on Anaerobic Reaction of Livestock Wastewater
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Abstract; With the rapid development of economy and improvement of people’s living standard,
aquaculture was developed rapidly over the past years. And a large amount of livestock wastewater was
produced meanwhile. Thus effective treatment of livestock wastewater becomes the much urgent problem
to be solved. Anaerobic treatment technology is recognized as one of the most promising wastewater
treatment technologies in environmentally sustainable development. The design of anaerobic reactor is the
key for developing anaerobic treatment technology of livestock wastewater. In order to describe and
simulate the process of anaerobic reaction, guide the optimization of process parameters and design of
reactor in the practical production, the kinetic model of livestock wastewater was established. The
experiments were carried out in an external loop reactor. The orthogonal experiments with three factors
and three levels were designed by taking temperature, matrix COD and pH value as factors. Temperature
parameters were introduced to improve the Monod equation, and the dynamic models of matrix
consumption and product formation were established. By linear and nonlinear regression, the model
parameters and the corresponding dynamic equations were established, and the effects of reaction
temperature and substrate concentration on reaction rate were revealed. The results showed that the
reaction activation energy was very low, and the effect of temperature on reaction rate could be neglected.
Temperature could affect the production rate of CH, and CO,. The production of CO, would be increased
with the increase of temperature. The new livestock wastewater anaerobic reaction dynamics model could
fit the experimental data well, which had positive significance for the development and design of new
anaerobic reactor.
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Fig.1 Flow chart of experiment
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Tab.1 Factors and levels

7K kS
WREE/K L COD fH/(g-L7')  pHIH
1 303.15 3.2 7.6
2 308. 15 3.6 7.4
3 313.15 4.0 7.2
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Tab.2 Results of orthogonal experiment

e R Cy/ DH (i Cy/ (=r)/ ’,.CH4/ r,,coz/
77K (g'L™H) (g'L7H) (g (min-L) ") (g+(min-L) ~") (grmin~'-L7")
1 303. 15 3.1030 7.58 2.1365 4.3949 x10 3 2.1113x10°* 1.5528 x10 ~*
2 303. 15 3.7535 7.42 2.6706 4.9243 %107 2.4371x107* 1.6992 x10 4
3 303. 15 3.9913 7.21 2.902 4 4.9515x107° 2.6713x107* 1.9797 x10 ~*
4 308. 15 3.296 5 7.48 2.2657 4.6872 %1073 2.5011x10°* 1.9492 x 10 ~*
5 308. 15 3.547 1 7.28 2.494 1 4.7883 x10 3 3.0612x10°* 2.2185x10°*
6 308. 15 3.909 2 7. 64 2.8372 4.8747 %1073 3.1921 x10°* 2.4523 x10°*
7 313.15 2.998 4 7.23 2.0738 4.2044 x10 73 3.2853 x10~* 2.4819 x10~*
8 313.15 3.5557 7.61 2.4811 4.8865 x10 73 3.206 6 x 10 ~* 2.5439 x10°*
9 313.15 4.2887 7.42 3.0118 5.8064 x10 3 3.5313x10°* 2.7328 x10°*

£3 AEBBE~Y CH CO, &R (XL 1)
Tab.3 CH, and CO, contents at different time ( Test 1)
an ] ¢/d

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
SARFL V/mL 124.5 130. 6 119. 8 108. 7 136. 6 121.3 116.5 127. 8
CH, &3 %/ % 37.83 31.95 34.37 28. 83 36. 88 31. 17 30. 74 32.76
CO, (R FL5 5/ % 9.92 11.58 8.11 7.79 8.18 7.63 8.55 8.97
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Tab.4 Intermediate calculation data at the end of iteration

o 1 K +C, 1 K +C, 1 1 1 1 1 K, +C,
e K +C, In =" T K+ "=, T, K. +C, K+ " C.
1 0.03255 2.6659 8.794 0 x 10° 0.176 7 107. 4 0.08678
2 0.03199 2.4600 8.1148 x10° 0.170 0 105. 5 0.078 70
3 0.03176 2.384 1 7.864 4 x 10° 0.168 6 104.8 0.07572
4 0.032 41 2.6114 8.474 5 x 10° 0.1738 105.2 0.084 64
5 0.03217 2.5227 8.186 7 x 10° 0.1718 104.4 0.081 16
6 0.03182 2.4048 7.804 1 x10° 0.169 4 103. 3 0.076 52
7 0.032 61 2.6936 8.6017 x 10° 0.178 4 104. 1 0.087 84
8 0.03219 2.5275 8.0713 x10° 0.1713 102.8 0.08136
9 0.031 65 2.350 6 7.506 4 x 10° 0.1630 101. 1 0.074 40

it 0.289 15 22.620 6 7.34179 x 10* 1.5430 938. 6 0.727 12
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Tab.5 Comparison of different kinetic models

AT, LB S LM 45 45 2R
%%5 FJ‘?i—\‘o

s c (—r) (=r); (=r);
e (=r)y W2/ % (-1, R/ %
1 2.1365 4.3949 x10 73 4.0241 %1073 8. 44 4.3746 x10 73 0.46
2 2.670 6 4.9243 x10 3 4.9442 %1073 -0.40 4.9813 x10 73 -1.16
3 2.9024 4.9515x1073 5.3338x10°° -7.72 5.2123 x10 3 -5.30
4 2.2657 4.6872 %1073 4.2496 x10* 9.34 4.5320x10°° 3.30
5 2.494 1 4.7883 x10 73 4.6436 x10 73 3.02 4.7931 x10 73 -0.10
6 2.8372 4.8747 x10 73 5.2248 x10°° -7.18 5.1491 x10 3 -5.63
7 2.073 8 4.2044 x10 73 3.9140 x10? 6.91 4.2955x10 3 -2.20
8 2.4811 4.8865 x10°° 4.6214x1073 5.43 4.778 8 x10 3 2.20
9 3.0118 5.8064 x10 73 5.5156 x10 73 5.01 5.3154 x10 73 8.50
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Tab.6 Model error calculation of formation rates for CH, and CO,
L CH, co,
e ) Crome), ey (rreon). reor); R

1 2.1113 x10~* 2.1775 x10 ~* -3.14 1.5528 x10 ~* 1.577 8 x 10 ~* -1.61

2 2.4371x107* 2.4795 x10 ~* -1.74 1.699 2 x 10 ~* 1.796 6 x 10 ~* -5.73

3 2.6713x10°* 2.5945x10°* 2.88 1.9797 x 10 ~* 1.8799 x10°* 5.04

4 2.501 1 x10°* 2.6911x10°* -7.60 1.9492 x 10 ~* 2.0198 x10°* -3.62

5 3.0612 x10~* 2.8462 x10 * 7.02 2.2185x107* 2.1362 x10 3.71

6 3.1921 x10°* 3.0575x10°* 4.22 2.4523 x10 74 2.2948 x10 4 6.42

7 3.2853 x10°* 3.0257 x10 74 7.90 2.4819 x107* 2.3491 x107* 5.35

8 3.206 6 x 10 ~* 3.3661 x10°* -4.97 2.5439 x10°* 2.6134 x10°* -2.73

9 3.5313x107* 3.744 1 x10 * -6.02 2.7328 x10 ~* 2.906 8 x 10 ~* -6.37
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