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Abstract

Through the study of the basic characteristics of cow manure and the characteristics of carbonization residue, carbonization
degree, conversion rate, kinetic reactions, and activation energy for cow manure were examined. Since the heating value of cow
manure was very low, it was converted to carbonization residue as a fuel with heating value of 4,300 kcal/kg by carbonization
processes. Conversion rate was increased rapidly up to 10 minutes of the initial reaction stage and was increased with increasing
temperature. The carbonization of cow manure could be described by the 1st order reaction. Frequency factor(A) of reaction rate
for cow manure was evaluated to be 1.34 x 1072 min™', the activation energy was estimated to be 5,196.4 cal/mol. As car-
bonization temperature increased from 250°C to 400°C, the kinetic reaction was increased from 0.2107 min™! to 0.0679 min~..
From the result of the carbonization for cow manure, it can be determined that the optimal conditions of the carbonization pro-
cess were 20 minutes in carbonization time and 350°C for carbonization temperature.
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Fig. 1. A schematic diagram of carbonization apparatus for cow manure.
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Table 1. Elementary analysis of cow manure

Type Dry basis | Wet basis

C 36.57 10.24

H 3.29 0.92

Elementary COE:tLtl:?ble © 33.62 o4l

Analysis N 2.71 0.76

%] S 1.59 0.44

Ash 2222 6.22

Moisture 0.00 72.01
High Heating Value (H;) [kcal/kg] 753
Low Heating Value (Hj) [kcal/kg] 272
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Fig. 2. TGA and DTG curves of cow manure.
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Table 2. Element analysis of the residue with carbonization temperature

oty [ eva [uea [ova [ [ [ava [ 3 [ b
200 42.82 3.64 18.19 1.42 0.91 0.01 33.01 3,985
250 43.92 3.51 14.63 1.61 0.63 0.01 35.69 4,120
300 46.04 3.17 10.93 1.99 0.41 0.01 37.45 4,366
350 44.51 3.03 10.96 1.26 0.35 0.01 39.88 4,238
400 43.88 2.92 9.67 1.37 0.13 0.01 42.02 4,176
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Table 3. Element analysis of the residue with carbonization time

Carbon(irznaitril())n time C %] H [%] 0 [%] N [%] S [%] %] | Ash [%] Low (];(ecz:li/rll(gg)va]ue
10 42.35 3.69 17.02 1.66 0.82 0.01 34.45 3,855
15 43.18 3.61 15.06 1.74 0.66 0.01 35.74 4,174
20 46.04 3.17 10.93 1.99 0.41 0.01 37.45 4,366
30 4475 2.99 10.65 1.97 0.34 0.01 39.29 4253
40 44.66 2.49 9.29 1.92 0.28 0.01 41.35 4,207

Table 4. Elementary analysis and C/H mole ratio of the residue of cow manure

Temperature (°C) C[%] H[%)] O[%] N[%] S[%] ash[%] C/H (mole ratio)
200 42.82 3.64 18.19 1.42 0.91 33.01 0.98
250 43.92 3.51 14.63 1.61 0.63 35.69 1.04
300 46.04 3.17 10.93 1.99 0.41 37.45 1.21
350 4451 3.03 10.96 1.26 0.35 39.88 1.22
400 43.88 2.92 9.67 1.37 0.13 42.02 1.25
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Fig. 3. The conversion of cow manure with carbonization.
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Table 5. Kinetic constant and parameters on carbonization process of cow manure

Temperature  (°C) Frequency factor (A, min") Kinetic constant (k, min™") Activation energy (Ea, cal/mol)
250 0.0679
300 0.1209
1.34x1072 5,196.4
350 0.1602
400 0.2107
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Fig. 4. Kinetic constant of the residue with carbonization
temperature.
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