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Evaluation of Grade—Classification of Wood Waste in Korea by Characteristic Analysis
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ABSTRACT : This research was performed to analyze the characteristics of wood wastes from origin and to suggest grade-classification
for them. Korean proximate analysis was conducted, and heating value, heavy metals and Cl concentrations were analyzed for grade-
classification. Wood wastes were sampled from forest, living, construction and demolition, and industrial areas with origin. Moisture
content of most wood wastes was ranged in 5~10%. VS (volatile solids) and ash contents of them showed >95% and < 5%, respec-
tively. Most wood wastes except wood for growing mushroom permitted the standard (low heating value > 3,500 kcal/kg) for refuse-
derived fuel. CCA (Cr, Cu, As) concentration of wood wastes used in bench, wasted fishing boat, and railroad crosstie was higher
than that of the other ones. Cl content showed approximately 1.3% in wood box for fish and < 0.2% in the other wood wastes. Cl
content of all wood wasted used in this research permitted the standard (Cl < 0.2%, dry weight basis) for refuse-derived fuel. If the
wood wastes were classified in 3-grade, plywoods would be in 2nd grade, and MDF (medium density fiber), wooden bench, painted
electric wire drum, wasted fishing boat, and railroad crosstie be in 3rd grade.
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L9F: B AFE HEA DALY AR, @93 a8y TE5 2 C L B4 dEA EAL FrrgdeEn I b
A SEIE S FASA VIS rldEsked 83 V28 E AASEAL SHHTE AEFANE, AEAEEA], AdHEA),
2813 AAGAZHEA ] 7[R 2 E7F3 HEAA FEGHLS HEE 5~-10%S YeERAR e, o|E FEIFS AL Ax
ZEo 2 S W JFAREEHS 95% o)dola, FEFHLS 5% oldtE UEITh dAEAle SRl 55%E =UW
HAAH S-S AYslae AAHA7ZEIAEEESHANTBIHE Y 1PFAFAF FAVE T DEF 7THALLEHE > 3,500
keal/kg)S THESIATE CCA (Cr, Cu, As)Z AP H WX &, HAuy, AT=HE 5 WREEoA CCAZF Wl =4 Yehd WiEe
AR #E, H7A R tish JZ% #E7F Bas Aoz Yelgth Cl g A o)Al ATt oF 1.3¢

Uelg . ywA] HE5A 2 ASEAFAME 02% o5t ¥ S RYoy IFASAFY d4a%EF FEAVERERVE 2
wt%) S E5F TEAZE T 2L HEAE FAEE §RES Vo 35 ESE AS dEEY HASA) 1

9o, T, MDF (medium density fiber), EHEAE A= 2570 DAt 3573 ddst= dASA= x5, A
GEFFEAER, HAety dedEoZ UElT

FHO ¢ HEA, SAHEY, S5 CCA (Cr, Cu, As)

[}

1.4 & 11T BALHFES 0.6 m/e)y, HAAFEES

8.6%= HA o] Fqlol eEstaL glof afe]oE=

S A 2R seluA] 2 g oje ) ole] wEh SlNE U R B4

7h2 T8 ouAdR SMARTE nEEe] Zhal ATt sk A9io s HE2 ] tiE Qo] @A Wkl gl

A7t sefetel weh Al o Yets Ap=el clvA| o) o] Aok 2 29l &S o] golels A

o] Fzs TFAF Ao fElvels 20059 AA B 28 7hsdh Apgle] Ajol8-& AlF3] sidsiol & #

. Aleltk? 200513 29 HE )5k kel ofd wE YA

+ Corresponding author QA HFE T A HiEs 2o olst &

E-mail: phae@snut.ac.kr 7]’ o Egg gl 1, 7]'\_7'[2—2 -}o—-i A COy F
Tel: 02-970-6617 Fax: 02-971-5776

. ses _
eEg 53 A4dst

J. of KSEE / Vol. 30, No. 11, November, 2008



HAa HEA ] AEI Qg B oA o]gl
g dlo] F7kE A At
oA HEA w2 A=
g AR oY 7 EAAE
g EAFCE BE & AEE AFS
= FAVNIES EF8te] Axstolok A
] Z
Z ARk e AAolth ady AEAE o83 A3
st 3 dehel Axet FEES

=
b ge gAYEe] Hunn ol o

T

itud
~ ok
R B
N e )
l to 2o % o
o ol oo @ (o ox ro 3O e I o

N
BN
et
o
o
)
o% i
N ol
oAb do roh i ooft BN op 2 AL

)
e
T

t..

i

2

i,
32
<2
o T
- 1, o
ROy
x
2 e
©
ok o
e rﬂ
1
oS
3 of
S

Ne e s 55 TS AR 29 A5AE o
A 1] AFNA o] H(21~830 my
kg)@ 7F=8(1~13 mgkg)o]l AZHAJTE T3 Ade 2
N AIRE des ALdPS & 23 davkolM 2z
7} o] 123.49) 24.0 pg/m’, FF=H©] 24.03} 43 pg/m’ol
AZHAT Fol 59 AFME HEA LA
tolS4l sk dut E9H7IE 27 B 308
7} =1 &¢ch Samaras 52 CCA(Cr, Cu, As) '
e ERaAE FEE FHECRE CCA WEe] &
Aglo] AZEERS W B} oF 208] FE2] PCDDs/DFs
7 wiEETaL shlen, AedddAe] Lol aEE
PCDDs/DFs (Polychlorinated dibenzodioxins/Polychlorinated
dibenzofurans) ¥iZ2] 3k <lojgtal 3T ©]= CCA
YRE 5o ByParA B 2 BAAS HU8 F 98
2 AR Rl
A5 A ARG FHE ALl BAFelor T AL
ot BFHoE BANS oI RS AAY v
AzRe FEBelor & Rolth. o]F dAaiAE HRAY
WYL e SIS THH S Be 49 A2
A BEYere] FEE 5 YES Solop Bk

2.1 A=A 57

AEA S A WS we} ABAE A%
AR, AAAA, ADFAEA, Teln 14
HAZ BESgE JEREe
4 F e P, A 5 29
groz WEsA) ohstn Al el B gl A

Zoltk. #3 Hr|Ede g e o

ol9le] Axold ARgo AHgel TFsIES 3
St YBRAES

ur
T

A

31

4= o 7 =2 3

AtANE BA4A Qedo] aA gorz HUER dF
o A

|

%

& 77k g
slEeeg el ¥
BB EF

R
=
o
ol
o

Aol A BAE = HAEAZN 15 2 ERFTAIA A
SH= EFY, AFH, iR, vAE, 53 A
A= Wel A, 48 v Fol sigdEnh AR
HEAs AFdREA A H71E wEArE AN o)
ZHAY EFFT AN TAEHE A5AZA 3,
i, A, 7Y IAE ik, SRR, SEE,
A, AAEY, =R, A0 o] x3ETh

J

2.2. A =2 A1H

¢ AAA 7IAE ERE dE5AE dEFE 2F, A
GAAEA 8F, AAHAEA 7F, 13 AFFEA 1558
2 AE88lgthTable 1). A2AHS st U Ho)
TR HEA ALEHAA AHLA AAR FdEE o
EAE ddes Ao, HEA7E AE daolA
HEA Y D FRl wet AHsEATE AAlA A
Sl 3k WAl E s, oj(f) 3l BEHE, Hdd T
< QAR FAEAY, BEGALE LA AH S
Aok AZIZFEAIH NN A e AEAH 3
Hell Fole tEH AEE AAS] Al AFAHEH
o= & 3o AA £ BHT F HAFTHOE FAAR
AFAT HEAe 74 HALERE EF 2 FE
o3t EE QBRI E(Forest)2 ‘F’, A Z7#H 57 (Living)
‘L, 74757 (Construction/Demolition)= ‘C°, 13l
AR H S A (Industry)= ‘19 GFolUES FA3Ho
(Table 1). EgF AL-8H & #HE5A)9] 34
E3l7] g5t AL AF(ABAF 2F, SAAF 4%)
6F= AFH3FA EA8H ST, RP (recycled product)eh=
FEolvaS FoJetHTH(Table 1).

rfr oo

AAY AmE D8 F ewste] A FES S8,
=
8

FESA = E(Pulverisette6, Gremany)<
°o]-g-3 g & AP FEE (vola-

0
tile solids) ¥ 3, HEE, T35 2 Cl 249 ARE-st

J 23N ot B
G AFA (Parr 6100, USA)E ©]-&3l3ieH, F
F A Ai-APaste g A e $ ICP-

>
>
O)w
M
rlo
H,
N
N{
O
o
>~

OBt 283 x| 303 113, 20084 11



104 g - uE - w0

OMv

S 0d% - AT - 849 - A

Table 1. Origin and kind of wood wastes used

Origin Kind Legend Origin Kind Legend
Forest root, branch Fl1 Furniture or musical instrument factory (lumber) 13
stem F2 Furniture or musical instrument factory (plywood) 14
prop wood L1 Furniture or musical instrument factory (MDF) I5
wood for growing mushroom L2 Pallet (lumber) 16
furniture (lumber) L3 Pallet (plywood) 17
Living furniture (plywood) L4 Pallet (MDF) 18
furniture (MDF) LS Industry wood box for packing (lumber) 19
trimming branch L6 wood box for packing (plywood) 110
bench L7 wood box for packing (MDF) I11
wood box for fish L8 electric wire drum without painting 112
construction (wooden staff) Cl electric wire drum with painting 113
construction (plywood) C2 wasted fishing boat 114
] demolition (lumber) C3 railroad crosstie 115
go(zasrtr:zlcittlizi demolition (furniture) C4 derived fuel for igniting RP1
Pallet (lumber) C5 derived fuel for burning RP2
Pallet (plywood) C6 Recycled lumber RP3
Pallet (MDF) c7 product plywood RP4
by-product from lumbermill 11 PB RPS
Industry -
wood powder from recycling factory 12 MDF RP6

PB : particle board, MDF : medium density fiber
AES(Vista-Pro, Australia)@ 43193, 22 ¥ A 7Fedh EFstE el w2zt RS s A d @AY
35 AAY glo] F&E47](Milestone, DMA-80, USA) H(ASTM D2361-02)2 ©]&3t9th AlBEAL 33 o4

2 EASGT darde WA FRAGPEel god o BFRS ol Felshe A VAo sk

Table 2. Korean proximate analysis

. Wet basis (%) Dry basis (%) . Wet basis (%) Dry basis (%)
Origin Sample - Origin Sample -

Mois. VS Ash VS Ash Mois. VS Ash VS Ash

Forest N1 8.25 89.93 1.82 98.02 1.98 13 9.90 89.45 0.65 99.28 0.72

N2 15.17 84.23 0.60 99.29 0.71 14 7.69 91.01 1.29 98.60 1.40

L1 10.90 | 88.78 0.31 99.65 0.35 5 5.73 93.72 0.55 99.42 0.58

L2 55.26 43.71 1.02 97.71 2.29 16 9.87 89.35 0.78 99.13 0.87

L3 8.45 91.18 0.36 99.61 0.39 17 7.92 90.46 1.62 98.24 1.76

o L4 6.78 92.06 1.16 98.75 1.25 18 4.68 94.61 0.71 99.26 0.74

Vg TS50 [ 039 | 072 | 9923 | 077 | Induswy | 19 | 1201 | 8730 | 060 | 9932 | oes

L6 9.54 86.25 421 95.34 4.66 110 6.56 9227 1.17 98.75 1.25

L7 8.71 90.66 0.63 99.32 0.68 111 5.63 93.88 0.49 99.48 0.52

L8 7.84 85.95 6.21 93.26 6.74 112 12.09 87.47 0.45 99.49 0.51

Cl 7.58 91.87 0.54 99.41 0.59 113 10.57 | 88.73 0.70 99.22 0.78

C2 7.87 90.38 1.75 98.10 1.90 114 24.65 70.51 4.84 93.58 6.42

C3 6.70 92.69 0.60 99.35 0.65 15 12.97 85.07 1.96 97.75 2.25

C&D c4 14.60 | 84.27 1.14 98.67 1.33 RPI 3.07 66.96 | 29.97 | 69.08 | 30.92

C5 9.35 90.09 0.56 99.38 0.62 RP2 3.94 69.69 26.37 72.55 27.45

C6 7.80 90.60 1.59 98.27 1.73 Recycled RP3 3132 | 67.50 1.19 98.27 1.73

C7 7.10 92.34 0.56 99.40 0.60 product RP4 10.24 81.29 8.47 90.56 9.44

Industry Il 9.65 89.70 0.65 99.28 0.72 RP5 5.27 82.45 1229 | 87.03 | 1297

12 8.83 85.50 5.67 93.78 6.22 RP6 4.55 89.31 6.14 93.57 6.43

Mois. : Moisture, VS : Volatile Solids, C&D : Construction & Demolition
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Table 3. Heating values of wood waste used
Heating value by Heating value by
= caloremeter (kcal/kg) o caloremeter (kcal/kg)
Origin Sample Origin Sample
HHV HHV LHV HHV HHV LHV
(dry basis) (wet basis) (wet basis) (dry basis) (wet basis) (wet basis)
Forest F1 4,890 4398 3,992 13 6,553 5,861 5,487
F2 5,571 4,693 4248 14 5,584 5,993 5,653
L1 6,587 5,848 5,439 5 6,371 5,970 5,636
L2 6,436 2,813 2,174 16 6,438 5,752 5,383
L3 6,614 6,031 5,599 17 6,246 5,650 5,306
Living L4 6,234 5,739 5,364 18 6,220 5,885 5,557
L5 6,329 5,930 5,562 Industry 19 6,145 5,364 4,984
L6 6,056 5,224 4,837 110 5,600 5,167 4,786
L7 6,475 5,870 5,473 I11 6,406 6,014 5,588
L8 4,904 4215 3,879 112 6,585 5,760 5,308
Cl 6,318 5,805 5,426 113 6,066 5,382 4,978
C2 6,312 5,705 5,344 114 6,413 4,522 4,001
C3 6,421 5,952 5,592 I15 7,096 6,037 5,588
C&D c4 5,772 4,864 4414 RP1 7,578 4,334 4,185
C5 6,433 5,796 5,390 RP2 5,990 4,175 4,013
C6 6,910 6,260 5,902 Recycled RP3 4,689 3,165 2,592
Cc7 6,567 6,064 5,695 product RP4 6,517 5,297 4,875
11 5,938 5,326 4,940 RP5 6,647 5,480 5,125
Industry
2 5,950 5,088 4,746 RP6 7,306 6,525 6,181

HHV : High Heating Value, LHV : Low Heating Value, C&D : Construction & Demolition
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Fig. 1. LHV (low heating value) of wood wastes and recycled products with origin.
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Table 4. Heavy metals and Cl concentrations, and recycling grade of wood waste used

Heavy metals (mg/kg, dry weight basis) Grade for
Origin Sample - Cl (%) .
Pb Zn Cu Ni Cd Cr As Hg Recycling
Forest F1 6.92 47.57 5.06 5.47 0.58 10.67 0.066 ND 0.027 1
F2 3.56 51.53 3.17 20.89 0.63 29.26 0.069 0.613 0.01 1
L1 1.08 11.63 1.16 3.78 0.05 5.72 1.122 0.073 0.013 1
L2 12.00 53.01 10.91 25.54 0.50 51.24 1.287 0.469 ND 1
L3 3.49 35.30 4.99 48.34 0.15 96.00 0.105 0.399 0.034 1
Living L4 7.38 35.26 4.10 5.82 0.06 10.60 0.077 0.681 0.007 2
L5 42.13 34.76 1.74 7.57 1.35 20.42 0.061 0.307 0.159 2
L6 6.01 88.29 4.70 6.94 0.31 10.67 0.095 0.387 0.002 1
L7 31.20 4439 402.02 7.76 0.19 709.16 | 479.622 0.137 0.063 3
L8 40.68 45.28 14.42 15.15 0.31 26.34 0.717 0.130 1.257 1
Cl 2.065 29.89 2.97 439 0.06 7.62 0.428 ND 0.194 1
C2 11.08 41.02 2.69 3.64 9.36 8.35 0.126 0.081 0.151 2
C3 6.99 28.56 7.24 5.37 0.26 8.87 0.113 2.149 ND 1
C&D C4 74.68 134.73 3.95 4.12 0.16 18.99 0.075 0.328 0.038 2
Cs 2.18 44.83 3.30 8.36 0.15 11.35 0.063 0.436 0.015 1
C6 8.84 33.46 4.08 531 1.43 8.20 0.108 0.098 0.172 2
C7 3.11 19.18 3.76 6.59 0.12 8.68 0.062 0.102 0.002 2
Il 1.59 40.74 452 47.24 0.06 14.40 0.063 0.553 0.001 1
2 45.77 62.71 16.88 17.90 0.29 33.60 1.224 0.296 0.079 3
I3 5.38 44.13 10.70 15.09 0.17 19.39 0.067 0.616 0.006 1
14 4.26 46.93 2.79 9.12 0.02 13.25 0.069 0.119 0.144 2
I5 25.10 30.45 422 10.30 0.33 19.87 0.069 0.027 0.022 2
16 4.11 44.15 3.89 20.90 0.15 29.70 0.088 0.338 ND 1
17 7.94 22.98 4.69 13.56 3.45 19.82 0.123 0.201 0.064 2
Industry 18 46.94 37.81 2.90 14.84 15.37 23.62 0.063 0.965 0.001 2
9 2.26 48.59 436 19.98 0.26 25.14 0.069 0.939 0.056 1
110 3.15 36.90 5.65 11.51 0.07 15.85 0.063 0.118 0.090 2
I11 0.84 16.10 0.99 11.40 22.10 14.21 0.064 0.540 0.047 2
112 2.90 37.15 1.45 14.22 36.51 19.28 0.194 0.722 0.005 1
113 573.18 42.76 4.74 16.39 5.33 148.27 ND 0.101 0.001 2
114 89.85 293.22 408.31 27.81 1.38 43.10 0.072 0.597 0.195 3
I15 6.90 28.32 5.89 25.87 0.17 33.67 2.979 0.621 0.014 3
RP1 345.80 5678.7 248.68 43.04 5.53 105.90 5.692 0.583 0.006
RP2 131.90 387.52 156.52 20.93 3.17 25.60 2.522 0.109 0.009 -
Recycled RP3 0.13 ND ND 8.61 ND 11.59 ND 0.116 ND -
product RP4 5.72 ND ND 5.37 ND 6.32 ND 0.142 0.003 -
RP5 24.88 152.48 6.88 30.97 0.44 45.29 ND 0.499 0.165 -
RP6 3.09 ND 231 5.02 ND 7.95 ND 0.084 0.050 -
C&D : Construction & Demolition, ND : Not Detected
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Fig. 2. CCA (Cr, Cu, As) metal concentrations of wood wastes
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