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Study on thermal decomposition characteristics and kinetics of inorganic
metal-impregnated lignocellulosic biomass
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Figure 1. Analytical procedure in this study

Table 1. Inorganic composition of biomass (ppm by dry weight)

Al Ca K Mg Na P Si Cu Fe 7Zn
Demineralized samples
Control-1 19.3 782.8 769.0 282.0 151 1170 14.0 15 120 120
HCl-biomass 311 254 1.1 79 9.1 80.3 83.3 08 42 0.5
HF-biomass 48.8 603.1 46 63.1 187 1048  49.0 1.0 102 14
DI-H20O-biomass 20.8 671.8 16.6 216.7 16.6 68.4 36.7 1.2 168 14.1
Impregnated samples
Control-2 49 131.8 2.6 12.8 13.3 35.1 8.2 02 60 0.6
Potassium
0.05-KCl 15.9 48.2 577.8 12.8 12.1 82.3 85 04 98 1.5
0.5-KCl1 115 43.8 3014.2 6.7 9.7 73.7 11.9 05 93 0.9
Magnesium
0.05-MgCl; 151 65.1 2.3 530.7 20.6 717 17.2 03 66 0.7
0.5-MgCl, 129 50.0 2.5 29524 223 82.4 154 02 69 0.7
Calcium
0.05-CaCl2 199 1004.7 6.5 10.2 14.2 68.1 1290 03 74 0.2
0.5-CaCly 18.6 4200.0 52.0 10.0 40.3 67.6 1365 02 68 0.3

3. 2% 2 1%
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Table 2. Characteristics of raw- and demineralized biomasses

Elemental analysis (wt.%) HHV Holocellulose ~ Lignin Ash

C H N o} (M]J/kg) (Wt.%) (wt.%)  (wt.%)
Control-1* 479 6.7 0.1 45.4 18.57 81.8 23.2 0.70
HCl-biomass” 48.6 6.9 0.1 44.4 19.25 70.0 29.6 0.11
HF-biomass* 47.2 6.8 0.1 46.0 18.39 79.4 21.3 0.12
DI-H>O-biomass" 46.4 6.9 0.1 46.6 18.17 81.0 23.7 0.50

* Oxygen content was calculated by difference.

? de-waxed 20 years poplar wood xylem.

" demineralized poplar wood with hydrochloric acid.
¢ demineralized poplar wood with hydrofluoric acid.
4 demineralized poplar wood with distilled water.

Table 3. Pyrolysis characteristics of demineralized and impregnated biomass by TG

L2 0 N
[ L X o

o
-

Heati . Yield Vo b
eating rate o max max
Sample °C nin N (Wt.%, at 550 °C) (Wt%/min x 109 )
volatiles char
Control-1 5 88.2 11.8 0.51 342.7
HCl-biomass 5 88.7 11.3 0.84 356.6
HF-biomass 5 90.6 94 0.60 353.9
DI-HO-biomass 5 96.0 4.0 0.72 351.8
Control-2 5 90.1 9.1 0.58 359.1
Potassium impregnated
0.05-KCl 5 89.1 10.9 0.54 349.5
0.5-KCl1 5 92.2 7.8 0.52 316.8
Magnesium Impregnated
0.05-MgCls 5 91.0 9.0 0.63 352.6
0.5-MgCl, 5 89.3 10.7 0.72 352.9
Calcium impregnated
0.05-CaClz 5 90.8 9.2 0.58 363.9
0.5-CaClz 5 88.0 12.0 0.57 359.4

4 Maximum decomposition rate
b . . ..
Temperature corresponding to maximum decomposition rate
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Figure 2. Variation of activation energies as a function of conversion during pyrolysis of the

control and demineralized samples. *Activation energies for the control-1
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