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Abstract — The effects of catalysts addition on the carbonization reaction of biomass have been studied in a thermo-
gravimetric analyzer (TGA). The sample biomasses were Bamboo and Pine. The catalysts tested were K, Zn metal compounds.
The carbonization reactions were tested in the nonisothermal condition from the room temperature to 850 °C at a heat-
ing rate 1~10 °C/min on the flowing of N, purge gases. Also, the effects of catalyst on the torrefaction were tested in the
temperature condition of 220, 250, 280 °C at 30 min. Combustion characteristic for the torrefied catalyst biomass were
studied in the nonisothermal conditions of 200~850 °C. As the results, the initial decomposition temperatures of the vol-
atile matters (T;) and the temperature of maximum reaction rate (T,,,) were decreased with increasing the catalyst amounts
in the sample biomass. The char amounts remained after carbonization at 400 °C increased with the catalyst amounts.
Therefore catalysts addition can be decreased the energy for carbonization process and improved the heating value of prod-
uct char. The catalysts reduced the optimum torrefaction conditions from 250 °C to 220 °C. The torrefied catalyst biomass
have lower activated energy from 46.5~58.7 kJ/mol to 25.1~27.0 kJ/mol in the nonisothermal combustion reaction.
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Table 1. Proximate analysis and ultimate analysis of samples
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Ultimate analysis (wt.%)

Proximate analysis (wt.%) Heating value

Sample C H N 0 S H,0 V.M. Ash F.C. (keal/kg)

Bamboo 4880 625 101 43.94 0.002 2.10 81.10 0.17 16.63 4,550
Pine 5160 637 117 4086 0.003 1.79 77.51 0.79 19.91 4,800
Coal 7200 428 160 3.67 0.50 250 30.00 17.50 50.00 6,600
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Fig. 1. Comparison of TGA curves for the pyrolysis reactions of vari-
ous heating rate.
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Fig. 2. Effects of K amounts on the carbonization reaction of K
impregnated pine.
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Fig. 3. DTG curves for the carbonization reaction of K impreg-
nated pine at various K amounts.
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oA} T, & HoWHe-E S = F-50)] v 312 °C (4.23%/min),
1% K 308°C (4.14%/min), 5% K 282°C (3.13%/min), 10% K
255 °C (3.00%/min), 15% K 241 °C (2.54%/min), 20% K 233 °C
(2.37%/min)°] AT}

400 °C7HA 9] A3 F o] ok F-Fv] duT-(29.5%), 1% K
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Table 2. Characteristic of catalytic carbonization
Catalyst (%) T, (C) (T'"C) DTG, (wt.%/min) — OgeSId“e (Wt'%goo —

0 154 312 4.23 29.5 22

1 166 308 4.14 325 22

5 K 154 282 3.13 41 23.2

10 86 255 3.00 444 233

15 90 241 2.54 494 21.2

20 78 233 237 555 25

Bamboo

0 154 312 4.23 29.5 22

1 176 333 4.74 29.8 214

5 7n 155 245 1.59 433 30.7

10 148 233 1.56 559 38.1

15 137 221 1.46 57.5 39.0

20 79 211 1.42 60.8 38.1

0 174 345 5.4 23.7 15.1

1 189 315 4.55 33 234

5 K 165 290 3.17 43.1 24.6

10 149 237 2.15 47.6 24.8

15 130 233 2.69 554 26.3

. 20 83 233 238 552 20.8

Pine

0 174 345 5.4 23.7 15.1

1 189 347 5.26 29.2 19.0

5 7n 168 317 1.92 46.5 313

10 165 275 1.60 52 34.5

15 153 200 1.25 60.5 374

20 143 188 1.39 63 35.8
120 174~143 °C, T, 3} W 917} 347~188 °C, 7H= 2] o2 23.7~
63% ©]SAtt. o2 g F Y2 7FAHE 50 °C/min o4 o] A3}
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Fig. 4. Effects of Zn amounts on the carbonization reaction of Zn
impregnated bamboo.
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Fig. 7. Effects of catalysts on the nonisothermal combustion reac-
tion for bamboo.
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Fig. 8. Arrhenius plot for torrefied bamboo.
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Fig. 9. Arrhenius plot for torrefied pine.
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87~126 kl/mol, =2 &% F-7H400~500 °C)ll A= 195~228 kJ/
mol®] EAgleUA & ZH= 21 Biglvh 1] Ak ek A 5o
o3t g3t A 7} 100 kl/mol B0} S gh 141 2= Aol v]sh
W o] Ah= T 38 Ho|U Ghaly 5161 23 A 5F 31 15%
Ak 27001 A4 ARAE 1 200~350 °C 7+ 350~530 °C
7k 7 HkE oS i5te] whe 2 L7kl A= 83~102 kl/mol,
L5 FFIeAE 58~75 kI/mol2] A gl S At}

Hir
rlo

4. 4

rhu

Hlo] @l o] ¥t nhSelA Srie] JFL i) Sistol o

FHRA7INA @} S A s g 1Y
[e]

=

R
= okl vt 22 AEE Adith

L

A&
=

(1) Ato] om 2~ 9] €rslrh A& E = €l 7IA] 5 (T)E tiu-T-
154 °C, 2247 174 °C ] Qi) Tell thst Fulje] JEFo 2 K F
A7} Al tU--(166~78 °C), AHH7(189~82.8 °C)Z LFEFSETE. Zn
Zf A7F Al thU-(176~79 °C), 22UH--(189~143 °CyH 91 2 Zni
A7Fo] SV E T wolAE AEs JERgIt) Hojgks)
S 7R 25(T,, )5 TV 312 °C, 24 345 °C ©] it
T,.20 thet ol o] ko g K Snf) 347} A] tivky-(312~233°C), A&
U (345~233 °C) ©]t}. Zn EFvll 7} Al thuF-(333~211 °C),
AU (347~188°C) W91 9] gho 2 Enf| Hrteko] Frla=
T o= A &a HERISITE 400 °C7HA] Hot Sl ©shs
AJE-E T 29.5%, AU 23.7%0 It 215 Hof| thl Znjje] o
o Z = FHul|gfo] FIUIEFE T 2] Aol SIS AT
& VRS
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Table 3. Kinetic parameters for nonisothermal combustion reaction of torrefied samples

TR (°C) A (min™) E (kJ/g-mol) 17
Bamboo 280-545 7.4x10% 46.5 0.939
10% Zn Bamboo 280-650 5.1x10% 51.7 0.875
10% K Bamboo 280-830 1.02x10° 27.0 0.906
Pine 280-500 5.98x10° 58.7 0.8825
10% Zn Pine 280-580 6.52x10" 51.5 0.949
10% K Pine 280-830 1.14x10° 25.1 0.956
Coal 350-670 8.49x10° 773 0.9966
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