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Abstract : The total area of forest land in Korea is 64.2%, and significant forest resources can continuously be produced. However
our country didn't separate the recyclable waste wood and was illegal landfill or incinerated. In this study, waste-wood and rice
husk of biomass and low-grade-anthracite made refuse derived fuel by mixing and compressing. In addition, the binding effect of
binders and additives were analyzed. Physical and chemical characteristics of manufactured refuse derived fuel were analyzed
and evaluated suitability by compared with quality standards. A result of change with compressed and relaxed density, added 20%
anthracite and 10% rice husk is optimal density change and average density increased large range when 20 wt.% P.V.A., guar-
gum, molasses and 10 wt.% starch were added. All fuel samples be distributed over 3,500 kcal/’kg LHV and grade of No. 3~4
fuels appeared. A result of the characteristics of physical and chemical compressed biomass refuse derived fuel with addictive,
12.9% of durability improvement appeared when is mixing asphalt and 5.8% of durability improvement appeared when is mixing

rice bran by pretreatment of NaOH 5%.
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Table 1. Proximate and ultimate analysis of waste samples

Component Waste Low-grade Rice
omponents wood anthracite husk
Moisture 6.6 43 8.1
Proximate .
analysis C"ﬁt;‘t‘;tr‘ble 9.6 77.0 80.6
(%)
Ash 0.8 18.7 11.3
LHYV (kcal/kg) 3,390 3,240 3,690
C 422 43.1 44.1
Ultimate H 6.92 1.57 3.56
analysis
(Dry basis, (0] 34.56 16.00 29.88
wt.%) N 0.27 0.56 0.74
S 0.028 0.34 0.093

.

f \I‘i 7
3 |2 -III ||-
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1. Compression Cylinder
2. Piston

3. Compression Tube

4. Hopper
5. Gate Cylinder
6. Water Oulet

Figure 1. Schematic diagram of the experimental apparatus.
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Table 3. Physical properties and conditions of the samples used in

this study
Table 2. Experimental variables and conditions Durability Compressed Rolaxed
Variables Conditions Grade (%) density (kg/m3) density (kg/m3)
Anthracite and rice husk mixing ratio 10, 20, 30% No. 1 >97% > 1200 > 1100
Residence time 5 min No. 2 90~97% 1100~1200 1000~1100
Compression pressure 80 kgf/cm2 No. 3 80~90% 1000~1100 900~1000
Binder mixing ratio 5, 10, 20, 30 wt.% No. 4 70~80% 900~1000 800~900
Fraction largeness of waste wood 5,15, 35, 60, 100 mesh No. 5 60~70% 800~900 700~800
Addictive mixing ratio 5 wt.% No. 6 <60% <800 <700
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Figure 2. Densities of a each 10~30% anthracite and rice husk with respect to the amount of each binder (Ant : Anthracite, RH : Rice Husk).
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Figure 4. Durability of a 20% anthracite and 10% rice husk with
respect to the binder sample.
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Table 4. Comparison with three components of fuel mixed with 10~20 wt.% binder with respect to the waste sample ratio

Waste content

Binder content

Proximate Analysis [%]

Heating value

Elementary Composition [%]

[%] [wt.%] Moisture | Combustible matter | Ash (kcal/kg) C H N S o)
PVA 20 8.54 84.32 7.13 4,770 51.1 | 823 1.2 | 0.029 | 1545
T 30 9.86 79.80 10.34 4,840 476 | 7.89 | 5.25 | 0.020 | 15.00

20 6.51 85.33 8.17 4,420 453 | 551 | 022 | 0.04 | 19.67
Guargum
0 30 7.24 84.02 8.74 4,220 421 | 469 | 0.2 |0.08 | 19.86
Starch 20 7.99 82.46 9.55 4,320 50.1 | 5.11 | 027 | 0.045 | 19.1
arc.
30 8.93 82.45 8.62 4310 427 | 581 | 0.25 |0.033 | 19.13
20 8.61 79.46 11.93 4,340 46.7 | 636 | 2.0 | 030 | 17.89
Molasses
30 9.16 81.34 9.50 4,260 416 | 668 | 2.8 | 0.17 | 156
PVA 20 8.02 79.08 12.91 4,690 468 | 650 | 1.7 | 0.054 | 18.33
T 30 9.30 77.91 12.79 4,910 513 | 7.55 | 7.86 | 0.056 | 18.04
) 20 5.92 82.80 11.28 4,150 428 | 459 | 024 | 0.045 | 17.42
Anthracite Guargum
20 30 6.45 80.10 13.45 4,220 40.6 | 5.16 | 022 | 0.054 | 16.34
Starch 20 7.61 78.29 14.10 4,270 462 | 462 | 035 | 0.11 | 17.59
arc.
30 8.30 76.88 14.82 4,370 43.1 | 532 | 0.56 | 0.057 | 16.74
20 8.10 79.53 12.37 4,210 441 | 495 1.5 | 046 | 2045
Molasses
30 8.92 79.11 11.97 4,230 429 | 561 | 2.1 | 042 |21.40
PVA 20 7.77 73.32 18.92 4,650 458 | 6.19 | 3.82 | 0.077 | 15.67
T 30 8.63 69.80 21.57 4,650 457 | 6.41 | 3.88 | 0.042 | 14.56
20 439 80.69 14.92 4,230 44.6 | 542 | 035 | 0.073 | 18.56
30 | Guargum
30 421 79.28 16.51 4,230 424 | 464 | 058 | 0.1 14
Starch 20 6.81 73.50 19.68 4,300 436 | 594 | 027 | 0.04 | 17.98
T 30 | 731 73.95 18.74 4,190 411 | 458 | 034 | 0071 | 1642
PVA 20 8.80 87.51 3.69 4,710 470 | 5.77 | 0.64 | 0.020 | 18.56
T 30 9.96 83.01 7.02 4,960 49.6 | 7.16 | 0.63 | 0.031 | 14.01
20 8.09 88.46 3.44 4,490 474 | 654 | 020 | 0.027 | 13.56
Guargum
0 30 8.85 87.35 3.79 4,460 454 | 6.53 | 037 | 0.030 | 17.56
Starch 20 9.10 87.44 3.46 4,440 418 | 624 | 043 | 0.019 | 13.11
arc
30 9.25 87.23 3.52 4,400 464 | 693 | 1.09 | 0.029 | 20.98
20 9.50 78.05 12.45 4,380 46.6 | 6.58 | 2.81 | 0.17 | 24.33
Molasses
30 11.55 80.34 8.11 4,300 46.4 | 7.07 | 245 | 0.10 | 22.11
PVA 20 9.39 85.56 5.05 4,690 488 | 6.85 | 0.84 | 0.020 | 16.77
T 30 10.97 80.75 8.29 4,890 519 | 7.59 | 035 | 0.010 | 14.37
20 8.54 86.66 4.79 4,400 458 | 645 | 023 | 0.041 | 17.05
Guargum
) 30 9.04 85.85 5.11 4,400 458 | 631 | 0.35 | 0.030 | 15.54
Rice Husk | 20
Starch 20 9.71 86.85 3.44 4,360 455 | 6.11 | 1.08 | 0.034 | 13.44
A 30 1 9s0 8545 475 4310 459 | 694 | 020 | 0.025 | 24.78
20 10.10 77.60 12.30 4,300 454 | 579 | 1.19 | 028 | 22.12
Molasses
30 12.26 78.41 933 4,190 467 | 644 | 279 | 020 | 16.74
PVA 20 10.52 83.47 6.02 4,750 483 | 7.86 | 3.22 | 0.050 | 16.34
T 30 12.12 78.82 9.06 4,840 445 | 731 | 031 | 0.050 | 17.49
20 9.67 84.64 5.69 - - - ; - j
Guargum
30 30 9.95 84.36 5.69 - - - - - -
20 10.93 83.90 5.17 - - - - - -
Starch
30 11.29 82.64 6.07 - - - - - -
20 11.20 76.77 12.03 - - - - - -
Molasses
30 12.75 77.12 10.13 - - - - - -
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Table 5. Metal contents in typical samples (unit : mg/kg)

Waste ratio Binder Cd Pb As Cr Hg Cl(%)
Anthracite 20% N.D N.D N.D 0.07 0.03893 N.D
- Guar-gum 20 wt.%
Rice husk 10% N.D N.D N.D 0.01 N.D N.D
Anthracite 20% N.D N.D N.D 0.07 0.00782 N.D
- P.V.A20 wt.%
Rice husk 10% N.D N.D N.D 0.01 N.D N.D
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Figure 9. Durability of a 80% waste-wood and 20% anthracite with
respect to the Binder sample (NaOH_RB : NaOH_Rice
Bran).
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Figure 10. Durability of a 90% waste-wood and 10% rice husk with
respect to the Binder sample (NaOH_RB : NaOH_Rice
Bran).
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Table 6. Low heating value of typical samples
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Waste ratio Binder Low heating value (kcal/kg) Additive Metal contents (mg/kg)

(%) (wt.%) | Not additive | Asphalt | NaOH 5% Rice bran | (Wt.%) | Cd Pb As Cr Hg | Cl(%)
Anthracite 20% | Guar-gum | 4420 5,010 4,400 ND | ND | ND | 0.05 |0.0109| 0.02
Rice husk 10% | 20wt.% | 4,400 4,900 4,470 /;S\fili/lt ND | ND | ND | 001 | ND | 0.03

Y%
Anthracite 20% | PVA. 4,690 5210 4,770 ND | ND | ND | 0.07 |0.0151| N.D
Rice husk 10% | 20 wt.% 4,690 5,100 4,790 ND | ND | ND | 0.01 | ND | 0.02
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