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28 A9E ALt E7](Stem)2t HE](Root)= E-Eob7F qlof tiftE FAHEZA #H7])E 3 Qi) os A=
BAEL plo] Q.0 Ay} 7o ol edg ) AR AR EAR g9 & Uk B dFoM= I Z7), By g
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S g 270~370 Tk 212 RISt TGA £ S 25 E 9 A dolE & viEE dgsto] d3& vl
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Hemp is known as one of the most productive and useful plants, which grows quickly in a moderate climate with only moder-
ate water and fertilizer. Traditionally in Korea, hemp bast is used to natural fibres, and remaining such as stem and root
is treated as waste. Those of hemp by-products can be transformed to bio fuel such as bio-oil and activated carbon. To under-
stand pyrolysis characteristics, thermogravimetric analysis were carried out in TGA, in which hemp by-products were mostly
decomposed at the temperature range of 270~370 C. The corresponding kinetic parameters including activation energy and
pre-exponential factor were determined by differential method over the degree of conversions. The values of activation en-
ergies for pyrolysis were increased as the conversion increased from 10 to 90%.
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Table 1. Characteristics of Hemp By-products : Contents of Moisture, Ash, Elements and HHV

Elements [%]

Sample Moisture [%]* Ash [%] c o N 5 HHV [MIJ/kg]?
Hemp stem 8.91 1.64 45.12 578 0.00 49.10 16.52
Hemp root 6.85 1.45 4449 5.92 0.00 49.59 16.52
Hemp bast 7.24 6.32 48.39 7.07 0.14 4440 17.17

*ASTM E1756, standard test methods for determination of total solid in biomass.
"ASTM E1755, standard test method for ash in biomass.

Table 2. Inorganic Compositions of Hemp By-products

Inorganic compositions [ppm]

Sample
Ca P Mg K Na

Hemp stem 4025.08 1024.24 340.05 8324.89 88.59

Hemp root 4997.23 1139.75 750.33 6867.92 167.05

Hemp bast 6992.27 2217.96 1032.07 25586.42 117.83
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Figure 2. The effect of pyrolysis rate of hemp root on various heating
rates; 1: 5 C/min, 2: 10 C/min, 3: 15 C/min, 4: 20 C/min.
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Figure 3. The effect of pyrolysis rate of hemp bast on various heating
rates; 1: 5 C/min, 2: 10 C/min, 3: 15 C/min, 4: 20 C/min.
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Table 3. Application of Eq. (7) to Calculate Pre-exponential Factors with Heating Rates of 5, 10, 15. and 20 TC - min" for Pyrolysis of Hemp

Stem, Root and Bast

Conversion [%]

Reaction order

10% 20% 30% 40% 50% 60% 70 80% 90%
Oth 728 x 10° 498 x 10* 1.57 x 10° 2388 x 10° 3.94 x 10° 6.67 x 10° 156 x 10° 196 x 10’ 555 x 10°
Hemp stem Ist 728 x 10° 249 x 10° 522 x 10° 721 x 10° 7.88 x 10° 1.11 x 10° 222 x 10° 245 x 10’  6.16 x 10°
2nd 728 x 10° 125 x 10° 174 x 10° 1.80 x 10° 158 x 10° 1.85 x 10° 3.17 x 10° 3.07 x 10" 6.84 x 10°
Oth 147 x 10° 892 x 10* 636 x 10° 241 x 10* 259 x 10* 159 x 10* 4.02 x 10° 3.99 x 10’ -
Hemp root Ist 147 x 10° 446 x 10° 212 x 10°  6.03 x 10* 5.18 x 10* 2.64 x 10* 574 x 10° 499 x 10° -
ond 147 x 10° 223 x 10°  7.07 x 10° 151 x 10° 1.04 x 10° 440 x 10° 820 x 10° 624 x 10’ -
Oth 466 x 10' 1.09 x 10° 341 x 10° 839 x 10° 125 x 10° 171 x 10° 470 x 10° 7.68 x 10* -
Hemp bast Ist 466 x 10° 547 x 10° 114 x 10° 210 x 10° 249 x 10° 2.84 x 10° 6.72 x 10° 9.60 x 10* -
2nd 466 x 10° 274 x 10 379 x 10° 524 x 10° 498 x 10° 474 x 10° 9.60 x 10* 120 x 10® -
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