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ABSTRACT This study was conducted to investigate the effects of a number of factors (moisture content and particle size of sawdust
and operating time of flat-die pelletizer) on the fuel characteristics of wood pellets fabricated from Mongolian oak (MOK) and pitch
pine (PCP) sawdust. MOK and PCP pellets were produced from sawdust of varying moisture content (8, 10, 12%) and was screened to
mesh sizes of 2 and 4 (0.64 and 1.27 mm). Moisture content (MC), bulk density (BD) and durability (DU) of the produced pellets were
also determined based on the operating time of the flat-die pelletizer (10, 20, 30, 40, 50 And 60 min). The MC of both MOK and PCP
pelletswere not altered based on their duration in the flat-die pelletizer. However, the BD and DU of MOK pellets were higher than
those of PCP pellets. Increasing the MC of the sawdust resulted in an increase in pellet MC and BD, reducing their fuel value. The BD
of PCP pellets was greatly decreased when sawdust with a MC of 12% was applied. The DU of both MOK and PCP pellets increased
when the MC was increased from 8% to 10%. However, no further increase in DU occurred through the use of MOK sawdust with a
MC of 12%, and the DU of PCP pellets was reduced through the use of a MC of 12%. Pellet MC, BD and DU were not influenced by
the particle size of sawdust, or by the operating time of flat-die pelletizer. On the other hand, BD and DU of MOK and PCP pellets
were lower than those of Larch pellets which, having very suitable characteristics, were used as a reference pellet in this study. In
conclusion, MOK pellets with suitable fuel characteristics, satisfying the minimum requirement of the 1st-grade pellet standard
designated by the Korea Forest Research Institute, were produced. However, the BD and DU of PCP pellets were lower than the
standard, and especially, the DU of PCP pellets produced with the sawdust MC of 12% was inferior to the standard for 4th-grade
pellets (=95.0%). Based on the results, 10% MC for MOK sawdust might beoptimal for the production of MOK pellets, but PCP
alone is not suitable as a raw material for the production of wood pellets under the experimental conditions examined in this study.

Key words Wood pellets(E2] 2 21), Mongolian oak(4] Z-1}54), Rigida pine(&] 7] t} & U 54), Fuel characteristics(H & 2 E4),
Flat-die pelletizer(H t}o] € 314 & 7]), Moisture content(g<=&), Particle size(Z& =7])
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Nomenclature

MOK : Mongolian oak
PCP : Rigida pine
LAR : Larch

MC : Moisture content
DU : Durability

BD : Bulk density

A A E AYoez 2008 WE HAH oz
kS AARE SAPEEE vl SRR A AP
< dRore] ERFe R 723
otk o5 EH, 2009 8,470 Eof Ealsld £
2:H|ERS 20124 51,343 Eo & IA AR
4509 Yo F7ISFAtHTable 1), °]<}
A EAEE 0] =2 ShE fIsto] Abelgat o | x|t
ol A ZAPE G AP s ARSHHA I 8=
A S7Fd A0z o FEaL Qlet. o FA ZAEslY] =
W 8% S71et A el SAER AR E 3453
S7IstaL Qlom, 201249 Aot WEo|Alof, HIEH &
oA o 124t EO] BAjmslo] $:¢]Elo] EEUY 1
2yt it SIS - 53] 71 o] AR SO oMt
-9 FALZ At SAE B v asto] - wof ZAH
slof] et A 2]l Anjrte] R AL 143 £419] 8
th7h S-=aL ek, whebA SAESle] tiet axHfRke] 5

A9l 14 2 gl Al AlALE fiste] FAReA $

T
i)’-@«lﬂ
)

B

ofr

o «

Table 1. Annual Production and consumption of wood pellets

Domestic Imported

Year (x10° ton) (x10° ton)
Prod Cons Prod Cons
09 8.5 6,2 12.0 12,0
10 13.1 12.9 21.0 21.0
1 34.3 33.2 29.7 29.7
12 51.3 51.6 122.4 122.4
Total 107.2 103.9 185.1 185.1

Source: Korea Association of Pellet (2013)
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Fig. 1. Images of mongolian oak (left), pitch pine (middle)
and larch (right) sawdust used for the production of
wood pellets
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Fig. 2. Images of flat—die pelletizer (Top) and cutting part of
chopping mill machine (bottom) used for this study
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Table 2, Fuel characteristics of wood pellets fabricated with
mongolian oak, rigida pine and larch sawdust

MC' BD' DUR' AC! HHV'

Woodvpe | (e | (kg/m) | (9 | (%) | (MJ/kg)
100% MOK? | 7.5(8) | 657 (B) | 97.8(®) | L9 (®) | 19.1 (B)
L PCP | 7.5(A) | 636 (O) | 92.2(C) | 0.4 (&) |20.6 (&)
; LAR? 7.8 (A) | 690 (A) |98.7(A) | 0.7 (A) |20.2 (A)
E om KFRI-1st® | =10 | =640 | 2975| =07 | 2180
“E KFRI-2nd® | =10 =600 | 2975 | =15 | =180
E 40% 'MC: Moisture content; BD: Bulk density; DUR: Durability;
é AC: ash content; HHV: Higher heating value,
'*:: 20% MOK: Mongolian oak; PCP: Rigida pine; LAR: Larch,
R *KFRI 1"~ and 2"—grade mean the minimum requirement of
0% first and second grade in the wood pellet standard designated
MOK PCP LAR by the Korea Forest Research Institute, respectively,
Sawdust type “Same capital letters in the columns of each fuel characteristics

Fig. 3. Size distribution of sawdust used for this study
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are not significantly different from each other at p = 0,05
(Student’s t—test).



AL 3 2[7|CAlUT SEo2 MZESH H

of b HE HEO| 27| e 8%, 10%, 12%= 24
o R A vehd Auket AR gh RE 450 HEl
oA TrEs A4t TER A B EE 444 1
54 71%2e BE uEsilet
AE7 ‘?:_‘EA g% LAR 5lo] MOK X PCP 5l rh
=90 mM(MOK/LAR: p < 0,01; PCP/LAR: p < 0,01),
MOK #3519 AR 7|de=7} PCP "R} =3tHp < 0.01),
]9} 7Po] /\7‘1:3 .zﬂ _,] 7457]1315 x}o]‘— ZF 2~ _,] H]
% Afolol|A] 711g A= AlHEr) oAE 5¥, MOK=
H]Z(0.78)0] =& AR WS O] P oA 553t o

o7l HAYSHA] QAL LARS: @ gollA 2 1k
oH5l7L B E] 7] 93k Al H]Z(0,56)S H-95k1L Q)
o] MOK®} LAR #glo] ZR7|ULof 2po]7} U™ AL
2 A7t g Pepe] W AR EE W2 uF
(0.49)°| &= E+3fal PCP 14101] FHrEol e S AR

o B3 Aol A FRe] FUL AN O RA B3l

ol a0l dof 3le] EPOIOM FSloz JFE] e
A A5 Yo A sa@go] YR et
et g 53] 12%9] 27|98 PCP H20 =2 A
23 AElo) W FHIUER o] 225 of= ke 2l
F 4= Aglem, ofof gt W82 3.3.1 HojlAf thA]
olc}, ¥ MOK W&} =72 A2 LAR 2
HymEs ;auai}owj e 152 7|2S
[gloL} PCP HE1L 25F 7|58 NSl Zloa
Ao} dew Wl A2 ﬂii ARE3E7 $lste] 2
TollA AR EE Al 2 @fof] thE 2oflA d3l
Alzshz Zlo] Basict wekect
sl Y SAt 23S H9, MOK % PCP
H o)A LAR H3lEc} WUTtHMOK/LAR: p ¢ 0,01:
PCP/LAR: p < 0.01), E3F PCP H8l¢] 7Ao] MOK
H3 R}t 37 Wek=di(p €0.01), ol 55 sjshA =
A al BH 57]9] xlo|d|A] 7]013F Aoz Azl dut
Aoz ZAEEo) Y2 fuE AR S| o
T vlElshs Zlor o7 AE Skl HalEgle
1, MOK®} H|i6lo] LARS| &2 21 gl &2 Y
T43e Yet gqlog FAEn) Y sk pope]
2ld ol MOKEE} E=ole &5kl PCP 9
Uigdol 2 W2 o= PCP e vHshe ¥

ﬂlﬁ

o ot

)
L o
ﬂLu oZi

N ox
{%

re

file
:

219

2=

_|.I.
Am
s
]

AT
ook
4>
:0}
i)
]
N
e
0=
[P
>
ru
S
o
>
rr
02
ook

A A mlAlo] A F7ksto] bt Axel wekE
t}, & LAR®] 60 mesh o]5}2] m]AfliEo] XpR|eh= o A
Al Z5o tiste] 1% IRkl ¥, PCPoA= 5.5% A=
= Z4=qlon, A or pCP HElo] g glo] R
W Aom AARH(Fig, 3). Ak FE+A
o' 7|EA24 H]JLOHH MOK #3159 7=
519l oL, PCP HSE 457 7|0l v A A] %s}o
kx| PCPE HSO drz AR 74 WA ol
g5t 271 At Badt Aos Ykt

s 3|Bgle A7 29, POP9} LARETH MOK
oA =o AOoT ZALQd|(PCP/LAR: p = 0.14;
PCP/MOK: p < 0,01; LAR/MOK: p < 0.01), ©]9} 42
Ak e 5 Y AlololA] vlEH Ao= A7t
ghe} 2HH MOK 9| 32 Sghae kol o] Q=
Fealof|A] 7191t A o2 AY7tEn ERo)A fuE A|A
S MOK 9| 35 gl Z7gojA] sEglego] 7 7has)
2(0.6%) oA 7] =20l thet o] /& I 4= Asich
1311/} Aol A )5 323t AEfollA] MOK
Ax3 BAR puE 23R 3E SAHAE 2 740
ARgSERlE, AN ek SAE S A A ] Hla
oA PCPE 15+ 7158 W53t o U, MOK+= 265+ 7]
Zolm= WA Gh= Aos A

dsFo] -9, PCP2}F LAR kol 2o]7h l8le
(p=0.06), L 3FS& MOKXT} =& 7 o7 =X &|ItPCP/
MOK: p < 0.01; LAR/MOK: p = 0.02). o|¢} & A7}
= White(1987), Dhamodaran(1989), Codero et al, (2001)
O] A AfollA A A3k vie} o] 7 = 2l o
o] atolof A 7]"‘3} Aoz PRI 7 = 449l
PCP2} LARS & ¢42] MOKX® ) W2 2] 1d-S g3
A glow AMHow =2 WSS UEd o= A

¥
Jl

o
o{r{

=
N

FI

Fl[‘

mlo

=

=

2}, G B Aol AlRE mE Hlo) welsre
UL A BT 155 1 0l

N
?
o
e
J
s
1o

N
N

ol

).
O
3
ﬁ
o 1
l
n°1'
;‘r
O
uQL' fiio
EY B[\
o o

%45‘3]

2015, 9 Vol.11, No.3 15



02
e
oy
X
fol
ol
=
0x

I'

o] Eolel wet ALY ool F7FekTH8%/10%: p
.02; 8%/12%: p < 0,01; 10%/12%: p < 0.01), PCP
o] Frele 5wl 7] s ST A STkt
o, 53] 12%°] 27|38 PCP S0 2 A|l=3t 4
O] &2 10% oVFRl A= Ueht=t|(8%/10%: p
< 0.01; 8%/12%: p € 0.01; 10/12: p < 0.01), o= 12%
27|48 RO A3 PCP AW Ujof B2 9] o=
o] oF2] ol 32& SJulshz Aoltt hE thatE A
S8 LAR 319 o2 8% 5 273E0lA
10% 9 12% 28 275848100} Ugko), 10%9F 12%
Zholl= 2po)7h QIIEH8%/10%: p = 0.01: 8%/12%: p <
0.01: 10%/12%: p € 0.12), 47| A¥E Ed=2 92 g
&9 Wle Al floto] 12%H W2 27|82
7P B AMshe Alo) vigRd Ao ® ARt
AR7|UES ST 205 B, BE 359 dl9
A 2] 27] g S A ekl en, T g
Z212%2] 27] S8 FES ARgso] Al Hslof
Z A2 Yelylth(Fig. 4). B3 12% 27] 3&<] PCP
SEOE A Wele] dEIUEE B Aol AR

RE $3W B8 27 @458 24 7hed 74 s,

Il
R |

il ¥R e

i

o
>

rl

O8% m10% m12%

£ 12
i) C
=2 10 <
[+
(=8
=3
8 ] B
§ -
k-] L] A
©
= 4
MOK PCP
740
— A
& A
£ 690 B B
=
= ®©40
= C
=
=
= 59
a2 [
540
MOK PCP
100 A A c B A
B
= A
£ a5 B
=
=
g 20 c
[=1
85
MOK PCP LAR

Type of wood sawdust

N

e Az 3.2 HoA ARt v o] &2 =
& & ARe 2 Sl APl Sl el

Ashis 4Ho] FH5] A lot thololA] Lheds

SPY

27] o] 8%l A 10%2 F71etel wet F7ekale

(p €0.01), 10%2} 12% 7telli= 2to]7F §lgitHp = 0.26).
899k 10% 27|19 & B0 4|23 PCP WO Y
4= MOK F3l# fARE Aaks Hlem(p < 0.01),
LAR #H59] Y42 519 27 S71e a4 &
o7 Z7tshes Aom ARSIt < 0.01), 29
& S7hol w2 Al Yt S7ks a2l =
Woll £2A31= cellulose ¥ hemicellulose AEE 7t
> 71T g B Yol B I3
= Aoz e lignin®] 7ka8} = gl 4]
71918 Ao SAgEek MY gk 199 2713H4=&2] POP

N
ok

-

O2mesh W4 mesh

MOK PCP LAR

740
A

690 B

B A

A A
640 -~
~ 1
540 L
MOK PCP LAR

95 -

90 o]

85

MOK PCP

Type of wood sawdust

Fig. 4. Effects of moisture content (left) and particle size (right) of sawdust on the moisture content (top), bulk density (middle)
and durability(bottom) of wood pellets fabricated with mongolian oak, pitch pine and larch sawdust. Same capital letters
on the columns of each species are not significantly different from each other at p = 0.05 (Student’s t—test)

16 Aol



r=
I
T~
40

o
s
N
il
P>
il
40
e
AT
i
é
P
[t
e
»u
1o

pacy
o
i
pch
1o
)
-
ox.
Jo
Y
i
Ho
ol
a

3.3.2 22 37|

Fig, 42 "5l Ao AR Hio = 27171 A=l
g, ARVIEE, Yol vl 3RS YRl Ao
o}, A=l 0] 79, MOK2} PCP H3loA+= 2 mesh
2} 4 mesh 7tol= 2}o|7} ¢IQITHMOK: p = 0.17; PCP:
p = 0.33). 124} LAROJA= 4 mesh HEO & |23t
H9] F=80] 2 mesh HEOE A 23 A F=g
Hrop Wok=t(p €0.01), o] Z¥+= 2 mesh®] LAR H&
< HEl Alxof o] §otS o HEe A7 E AR

8@ S Uioll e gl S3] SR got

Hle] AryAze] tgh HE F7]9]
7}, MOK ¥ LAR #H31o] ZdH7|UE=
LAR: p < 0,01), 59| A7]7} ghagto] nfe} 2Ry U=
7} Stk 21S Geddt Aujolth(Fig, 4). T 2 mesh
9} 4 mesh®] PCP ZRo 2 |23 Wgle] Ary|dmt
Zpo)7}F =tl(p = 0.19), = PCPO W2 H|FoR &
Bo| A719} Aglo] W HPIPYoNA BE Jto] 5
F HZo] WAE o] Lehd Avlet AREc)

U4 739, Fig. 40l B uiel gro] ZR7|UE
23} 5U817 MOK 9 LAR HSlo| A= B 577} 2k
Foll wet #Wel Y4go] 71819 HMOK: p < 0.01;
LAR: p < 0,01), PCPOJA3= o7} QIIthp = 0.15), &
£o| F7)7} ol wel o] ZrlEo] BEzt 4
A=} S7hEe] At or Wsle] e SvteH
2} 519 whebd MOKS} LAR Helo] 4o 21 57
o] 70} | Z71et Ao wheheln) gk POP Ao
A =B8] 2717k Aol G ulAA] YR ol A
7104 T3 vl o] W HlFo R HPIolH B
B bl SE3 HEo) wAEo] Lehd Aulel g3t}

el=Zx S0 20| Sagm 27| U MAZI0| 0jxls 3

323 282 %7| #4817 2|9 A5

A3 Pk, AR7UE, WAl thEk MOK, PCP,
LARS| B8 57)9} 314-20] A5 A4S Fig. 501 ek
Q). 2 3 W3l P8 49, MOK Beloi 2
0] T7)9} Alpiglo] 8% U 10%2] B 4= 7kl Xfo]
L glglont, 1229) B2 sH4gelq 37 STkt
PCP W39 F&9] 49, 2 mesh HHOA BE g

&9] Bgog Az Aslo| ESrom, 8% U
10% 25§48 7k Zol7} ¢lgiT). LAR Hgle] 4
. 2 mesh SO A3 Wale] P4 9%0lA] 11%
BB 88 57120 1) 12]3L 4 mesh BoA
L 8o A 12%% 27N AL uf
Ax

W3 ol F7131

=

=

sfslof & o2 Az
5 27 420 2P} B3] Pu R v
P ZARE A, RE SFolA] Bie] 27)9 AR
i gogo] Z7H) uel gdels 4P By
ThFig. 5). 53] MOK % PCP H3loj A= 382 10%
oA 122 F7HAZS W), Ry UEs} FA) st
# PP Wlol o] ZhaFo] 2 o= Uehteh wiw
LAR W3l0] 2R/ UEE S8 57]0k Agle] B45E
Z719} @ AASOL, T FAES 2 mesh Bt
4 mesh E-Eo)|A4 12|21 MOKS} PCP 51z} H| W 5}o] &
© R0z ek}, AN FUSH, BE S5014 U4t
7)ok Apiglo] B g0l Z7kel wet An U
asigon, 53] 120 G489 BEOE A2 B

Slofl A fHao] Ziok, webA 12% o)/

p

Prae 7

MOK % PP 222 95l Alzo] o] gl L& #31e]
Aus)E SuolA ugel shek Az

W3] vy BAEUE B, MOK U LAR H3lo]

2015, 9 Vol.11, No.3 17



2
9
oy
X
fol
ol
=
0x

r

=O=2 mesh —~4 mesh

-
N

=
=)

@
-
=)

o

MC of pellets (%)

&~

!
1 6 i

A . Jp S— 1
- //‘r”/*

720 740

\ o0

@
g —_
£ o0 \- 690
2
=
2 60 640
2 ~
3
< 50 590
£
o
520 540
8% 10% 12% 8%
100 100

100

v =

94 éf—_—l 04

Durability (%)
©
&

88 88

NJ .

Y 85

8% 10% 12% 8%
Moisture content of sawdust

10% 12% 8% 10% 12%
Moisture content of sawdust

Moisture content of sawdust

Fig. 5. Interactive effect of moisture content and particle size of sawdust on the moisture content (top), bulk density (middle)
and durability (bottom) of wood pellets fabricated with mongolian oak (left), pitch pine (middle) and larch (right) sawdust

FE

-

=719} Aglo] 10% T4-80] BHo® Az
sio4] Z71eks A RO, T ool A 2
) §l5ickTig, 5). 9 PP Te] YA 5 B
2719) 2N 120 B-fe] BRow A2 Blo A
2 Zrasideh, ATHOR MOK W PCP EE-E 3]
Rzl o83t Al U4 SO B2 ]9} Aglol
10% H4-80) BHE ol gal o] WRT Ao A7t
s},

_I

rsL'_a

o

1

3.2.4 ‘HLAIZE
YA 7PE A %% MOK, PCP, LAR Hgl9] 3= ¥

3+ 2R A3E Fig, 60l JERfSITE MOKS} LA

R 2
slofl A AARAIES] e} oA MR A = ke AR
3

A A4F71 e ool 27t SRkl wet Alzd As
o] o] Aot AoR ATou, AL AIRF 1AZE
9 QAT TS e AR EdlE 4 AR
Al 4F719] = Aol W HEe] 27] dE Holke
A9 ol FE AR dete dee AT

18 AlxHollLX|

—8-MOK -e-PCP -=LAR

5
g
5 o9
°
o
3 7 e
o
=
‘s 5
Q
Z 3
10 20 30 40 50 60

@ 750

700 |- ;
2 — 4
Z 650 oo e L
£ —
g 600 I +
=
S 550
@

500

10 20 30 40 50 60

100
- - S
z H"f\*
5 90
2
3
o 85

80

10 20 30 40 50 60
Operation time (min)

Fig. 6. Effect of flat—die pelletizer operating time on the
moisture content (top), bulk density (middle) and
durability (bottom) of wood pellets fabricated with
mongolian oak, pitch pine and larch sawdust

W3 P& 2ok HAFIA, MOKS LAR H3ie] 2
BIUES AAARIe] AREel Tt hasie AR



Eot 4025 sl e
A 22 YAAT|
= A

49 7= MOK ¥ LAR H3l2
IS W) o= A o8 2AREITH(Fig, 6). PCP #3119
U5 4029 BAAIZERE] faele AR H3lo,

B 5%9] AHAR el A5k glof Ko7t g Ao

2 pAert 2718 FT5E, MOK, PCP, LAR 3!
of FL ARl thstol B WA ghethe A
& a9k
4. 2 E

2 4= MOK, PCP 9 LARY| =& &, A=
Z2]3}o] flat—die pelletizer 2 A %3t 2
—] [e]

wAslg) g o] Aol

ot
£
v,
Q
v
il
M
o
]
N
N
R
il
ey
lo
>4
o
o
=
Buj
s

2)

o
)
=2
=
ot
1
i)
[
ult
X
_I U
o
i
iy
b
)
lo

#ole] H]aLol 4 MOK
o, Pep WL 45
PCP2} LARE T} MOKO) 4
Auke Epyon], FHg 5
s EA57ATte] HmolA] PCPL 157 7188

)
flo

N
NN
2
K1
o
_>il(
~
Ha
ol
o
2
i)

L
10
o
o
A
r
r>~
o
A=)

o
(o

4

~—
=

TSI, ?h MOK 9| o292 257 7Ieol=

U] ko, YRERY fuE AARE A7 1

o V1SS UESIOI: EEEY] A A 2e
[e)

B3 FYNYLIA FAHA 157 7122 4

7S

7)

g, 2RsUE YT
wfe} EASRE 0 Aol7} glalet,

8)

cﬁ
£
o

o
i)
=
i

Y o=
ol
zjl

(¢]

7|1ER T WAL SAISHE 0 & Zpol7t Gl gk
AR7|UES Hlow, 9%9] HE kg R
O W2 151 7S UEAI71A] 8tk MOK
TES 1nE Ao & 208 B3t PC

9, B0 719t Aglo] 9% 9 11% Tgo] HE
3 BR7IYE, Y/dol 13% Ta&
Alzgt B 95k o, Witdo] = E4t
FAFAY] 455 7Ieoll= v|A|A] 5te] PCP
HURE ARESE7] Jote] 2 Ao A ARE-
Qlof T2 2o HelE Alxsk= A
Aoz Ayzisict $HH, MOK % PCP #
F2 Zlog RAEGL

S
OK= oud d3l daz

:
J

e g
o lo i &

L%E

e s
PECADL)

U
oft
(

AN

s 1

o
o

W
o ro ue
fo

dr oy —H LI

2
i
ﬁt}o

>
ofo
kS
N
o
Qlﬂ
3
rir

2015, 9 Vol.11, No.3 19



02
e
oy
0x
fol
L
=
0x

References

[1] T=A51R3], 2014, “AF-EAE S SARE, hitp:/
www .koreapellet.org/.

(2] ?+4, 2012, “ZAEE 4H 9 53 A, Sdskeh
15(6), 54-61.

[3] Li, Y., Liu, H., 2000, “High-pressure densification of
wood residues to form an upgraded fuel”, Biomass and
Bioenergy, 19, 177-186.

[4] Obernberger, ., Thek, G., 2004, “Physical characterization
and chemical composition of densified biomass fuels
with regard to their combustion behavior”, Biomass
and Bioenergy, 27, 653-669.

[5] Lehtikangas, P., 2001, “Quality properties of pelletised
sawdust, logging residues and bark”, Biomass and
Bioenergy, 20, 351-360.

[6] Bergstrom, D., Israelsson, S., Ohman, M., Dahlqvist,
S., Gref, R., Boman, C., Wasterlund, 1., 2008, “Effects
of raw material particle size distribution on the cha-
raceristics of Scot pine sawdust fuel pellets”, Fuel
Processing Technology, 89, 1324-1329.

[7] Stakl, M., Granstrom, K., Berghel, J., Renstrom, R.,
2004, “Industrial process for biomass drying and their
effects on the quality properties of wood pellets”,
Biomass and Bioenergy, 27, 621-628.

(8] T, A, olem A9, olFE, HiRl, 2010, “=
AR 5o FRF ol whe EslEAdol Wit
E2)5-sh, 38(1), 49-55.

[9] 55, AT, A, A 2010. “HER=of S
Egdsto] Alxgt WSO A, A58, 38(1), 36-42.

[10] ol4=4l, =3, /8], Heljd, T4, el 2011, “

& 3 uigh SHRe = Azt Aslef Uitdol| v]A]

20 AlxiofAx|

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

eIz, EA-5sh 39(3), 258-268.

B, 2418, T4, 2, 2013, “ujele o] 3
A B3] AR B4 AL G, BT
41(6), 475~489.

Ahn, B. J. Chang, H. S., Lee, S. M., Choi, D. H., Cho,
S. T. Han, G. S., Yang, 1., 2014. “Effect of binders on
the durability of wood pellets fabricated from Larix
kaempferi C. and Liridendron tulipifera L. sawdust”,
Renewable Energy, 62, 18-23.

QFE, el ZE, HThel 2013, “Highuro] uheks)
s o83t IA AR} 7Hed AP, A AAA],
9(4), 40-50.

£, A, o4, A B v, 2014, T
Sro] 4k Hlol w2 A 9 A=, T Tk,
10-15.

427, HAT, 0971, P 1EA], 2AY, ol
2010, 83 AR 2] T2 BAWS! FA WP, 2010
W FHHE A g e Sh =, 85-86.
TYNYILL 2013, “BAWS FATE, TPNY
SHY 1A A 2013-535.

§49%, W4, 2008, “HHE 8550 AL,
A IRsRY, 211, 281.

Lee, S. M., Ahn, B. J., Choi, D. H., Han, G. S., Jeong,
H.S., Ahn, S. H., Yang, 1., 2013, Effects of densification

variables on the durability of wood pellets fabricated

o

W

with Larix kaempferi C. and Liriodendron tulipifera L.
sawdust”, Biomass and Bioenergy, 48, 1-9.

Kaliyan, N., Morey, R. B., 2009, “Factors affecting
strength and durability of densified biomass products”,
Biomass and Bioenergy, 33, 337-359.

White, R. H., 1987, “Effect of lignin content and
extractives on th higher heating value of wood”, Wood
and Fiber Science, 19(4), 446-452.

Dhamodaran, T. K., Gnanaharan, R., Thulasidas, P. K.,
1989, “Calorific value variation in coconut stem wood”,
Wood Sci. Technol., 23, 21-26.

Cordero, T., Marquez, F., Rodriguez-Mirasol, J., Rodriguez,
J., 2001, “Predicting heating values of lignocellulosics
and carbonaceous materials from proximate analysis”,
Fuel, 80, 1567-1571.



	신갈나무 및 리기다소나무 목분으로 제조한 펠릿의 연료적 특성에 목분의 함수율과 크기 및 생산시간이 미치는 영향
	ABSTRACT
	1. 서론
	2. 실험방법
	3. 결과 및 고찰
	4. 결론
	References


