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Abstract — This study was conducted to evaluate the potential of rape stalk (RAS) as a raw material for the
production of solid bio-fuels. RAS was immersed in an aqueous solution with acetic acid concentration of 1 percent,
The content of reducing sugars separated from the RAS was analyzed. Glucose showed the highest content followed
by xylose, galactose, arabinose and mannose. The immersed and non-immersed RAS were used for producing pellets
with a pilot-scaled flat-die pellet mill. Bulk density and calorific values of the pellets improved with the use of the
immersed RAS and the addition of wood particles. The values exceeded the minimum requirements for the A-grade
of non-woody pellets (2600 kg/m> & 214.5 MJ/kg) designated by the ISO. Ash content of the pellets reduced with
the immersion of RAS and the value satisfied the A-grade level (£6.0%) of the ISO standard. The durability of the
immersed RAS-based pellets was much higher than that of non-immersed IRS-based pellets, and the values were
increased with the addition of wood particles. However, the durability did not meet the acceptance level for the B-
grade of non-woody pellets (296.0%) designated by the ISO. These results suggested that the addition of binders in
the production of non-woody pellets using an RAS immersed in acetic acid-based aqueous solution is required for the
commercialization of the pellets.
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Fig. 1. Images of milling machine (top-left), screen used in the machine
(top-right), grounded rape stalk (bottom-left), and the rape
stalk completed immersion treatment (bottom-right).
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Fig. 2. Images of milled rape stalk (top-left), larch sawdust (top-
right), pilot-scaled flat-type pelletizing mill (bottom-left) and
its rollers and die (bottom-right) used for the production of
non-woody pellets.

Fig. 3. Images of non-woody pellets produced with 100 wt% non-
immersed rape stalk (top-left), 90 wt% larch sawdust/10 wt%
non-immersed rape stalk (top-right), 10 wt% larch sawdust/
90 wt% immersed rape stalk (bottom-left) and 20 wt%
larch sawdust/80 wt% immersed rape stalk (bottom-right).

F A= o] (23 o= Ht 5.9 mmS} 274 mmE ZAME Tk
(Fig. 3). Alz=¥ H219] g8, ARIU s, Hd=, U4, 33
3o A B Yol g3 «EaRE FAA | 71&9

o) wheh S7d3klrh18].

26, B o SN 2
Az AR A 5Y S92 Batol ATl B4 W 7

A #2) k9] Afolsh 7 fAlo] Ho] Etol Ae] AR

Sgefl v A= Gl thste] 217k BASA 0 BA L 5
o B8 AR A S jg ] ARFE] G RAREAE B

&Fo] Minitab 2 773 (Minitab LLC, Anyang Gyednggi-do)<]
ANOVA J# 0] Z o] -850 95% A7 W 9]olx A2 248
TSI TE B O 7 p<0.05 ol F TS WS HS

= =
Fisher’s LSD (least significant different: & 2231 7748 913t



918 el Hrjo] Ja7]w Azt s

U] ¥ Foll 7 o] AMEE = Student t-testol] 2Jske] 2+
Htgk 72 #olol ist f-2)4d-8 7k FAsH

3-1. A EX|%e| FaIE EM

Table 1:> 1% 58] FAF -&-fol] 7241t B9+ FAAIZ 44
glellA Tl Fede] T7 2 kS S doltt fEde
SRS glucose” | 71 32k O.H, T O 2 xylose, galactose, arabinose,
mannose 5= 2.2 ZAFE AT Yang 5(2013)°1 2J5le] =315 A8
TR A Aeof] w2 glucose?} arabinoseTHo| HEE $ O,
Tk H 2] 274 35 AT 45= glucose, arabinose £
ofl A= xylose, galactose@} T4 2~%2] mannose”7l4| &5
ATH9]. o= FAA S FA o] F7hE A FAET Tl
2] ge] o] el what Aol 712 A o= e freldol
HE IAAE 2tste] Vb Axket AdEv(19]. o] H A 57
% glucose?] %2 224 ppm O Z A& T+ E 0] 7 E2H(849 ppm)
Ko} 7] stobxl=d], o= Aol frAie7F kel o,
ApA o w2 FAE FA o] AT R AT ETE iAo w
o] Vet At Azheict wheba J 2] oM SHFE o]
&3to] AT e /-5 WAE, Sl del sk Ads 317 =
A5 Agshhd FAd L 1% L] 24t A A FEE=
glucose == T7F8E Z1 0.2 of) i), ek {-Ad)= 35.5~36.6%2
cellulose, 22.9%~24.1%2] hemicellulose, 15.6%~16.8%2] lignin © %
T Qo] HulelelA ti# HAsH= £ (corn stalk)$}
H] 15} cellulose$} lignin 32 35> ¥ hemicellulose 31>
TH20]. WEbA glucose Al 9)ska FAItIZ2HE A& 5 A
e g s 1o % ARt

3-2. W3lo| X =Y
ZAE 2N (1% F5)oll FA8E -2t (immersed rape stalk, ©]
3} IRS) % 3 A] Al tl(non-immersed rape stalk, ©]3} NIRS)

A AnH 59 9 345} 7Kg 97 8

wo 2 Az A 783 IRSE NIRSO Y% S (larch
sawdust, ©]3F LASy& Esto] A28k Ao A5 2] S-S 54

3l A3}= Table 29} Zt}.

3-2-1. 8%

IRS % NIRS ¥ho. & Azt #El 2] &8 11.5%= =to]7}t
A THp=0.49). THH NIRSE] =2 3| 3HEF(8.1%)= &3t
AAFH 7150 210 wi%2] NIRSO 90 wi%2] LASS 385}
A %3k A2 (0] 3} NIRS-10%/LAS-90%)2] $H=E- NIRSHHO. &
Az3E A o] g R Sehth(p=0.02). ©]:= LASS] W gk
E(1D)elA vIEE Al e chFig. 4). FA Z 2ol 23k IRSS]
o 3|8 kS e ako] 90 wi%2] IRSEH 10 wi%2] LAS(C)&t
IRS-90%/LAS-10%) 12 1 80 wt%2] IRS2} 20 wi% LASE #|
Z3F A2 (018} IRS-80%/LAS-20%)2] SF& 7roll= 21o]7} 9131
th(p=0.01). $HA & A-of|A Ax3 BE TR FE a2
1SOS] H[EAI AL A T+ 7155 WE3i3ith21].

3-2-2. 3%

NIRS 22 2] 3|3 3HaF(8.1%)2 It = IRS #3 R} 37
=0 (p=0.01), I #1802 HIEAAE A 55 7]
A 38 THFig. 4). Wb 11 71FRE WA 7)7] Y8k
A 23 IRS-90%/LAS-10% 319 3] gk A £
Hl(p=0.01) ©]+= LASE] Y2 33 9H2H(0.6%)°14 71913+ Avje}
A

A 8-S o] 88 FA e FA A2 E Fete] F2 IRSS]
B FFEL 30%F A 7AE0H, o] [S02] HlEAHE A
F 715S WEAZ T 21]. Table 3 NIRSS} IRSO] -4 §-

o H

71g-e] 2R o]t NIRS ¥ IRselH] ZHre] go) 7}
A gskor], theow 2, JEF, vkl 0% §HE 210
= ZAHQITt. o] ool Bk, ofel, 7, 2%, v, A, el
S gl Fe 202 vehdeh fAT) Se E )
R G 2 58 AAE Fato] dashglor, FArchel

Table 1. Sugar contents of rape stalk immersed in 1% acetic acid solution for 72 hr

Immersed conditions Arabinose (ppm) Galactose (ppm)

Glucose (ppm)

Xylose (ppm) Mannose (ppm)

1% acetic acid 42.7£2.4 53.1+0.9

224.4+6.6 78.1£1.3 13.0£1.0

Table 2. Fuel characteristics of non-woody pellets fabricated with no-immersed, immersed rape stalk or/and larch sawdust

Pellet type Moisture content (%) Ash content (%) Calorific value (MJ/kg) Bulk density (kg/m°) Durability (%)
NIRSY/LAS®=100/0 11.5+0.7 8.1£0.2 18.6+0.5 685+19 82.8+0.5
NIRS¥/LAS®=10/90 10.0£1.1 1.6£0.1 19.5+0.1 840425 96.2+0.8

LASP 7.9£1.9 0.6+0.3 20.2+0.0 697+10 98.8+0.6
IRSY/LAS®=100/0 11.5+£0.9 3.240.1 19.2+0.1 747+8 86.6+0.8
IRSY/LASY=90/10 11.7£1.2 3.1+0.0 19.1+0 832+16 93.6+0.9
IRSY/LAS=80/20 11.7+0.8 22402 19.2+0.1 846+5 94.5+0.6

ISO 17225-6
< < = = =
A-grade pellet! =120 =6.0 =145 2600 =97.5
180 17225-6 =15.0 =10.0 2145 2600 =96.0

B-grade pellet!

“NIRS: No-immersed rape stalk
°LAS: larch sawdust
‘IRS: Immersed rape stalk

dSpecification of non-woody pellets produced from herbaceous biomass, fruit biomass and mixture.
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Table 3. Ashes content of rape stalks which were non-immersed and

immersed in the acetic acid-based aqueous solution of 1%
concentration (unit: mg/kg)

Non-immersed rape stalk ~ Immersed rape stalk

Potassium 41,515.6 19,658.6
Calcium 25,495.5 12,072.7
Sodium 5,359.4 2,537.8

Magnesium 2,876.7 1,362.2
Iron 299.3 141.7
Manganese 81.6 38.6
Zinc 31.0 14.7
Copper 6.3 3.0
Chromium 35 1.7
Lead 1.7 0.8

Cadmium 0.5 0.2

Silicone 0.1 -
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o= A71eIA g3t wkgl 2ol A A& Fsto] Al 2%
o] A= 7 3o A AR whet A7) LASE 7Sl
5% £k IRSS} LAS Tholl 2% 4 C7P g o] vebd A
2 390 28 RSO 10 wi% 2 20 wi% LASE AF-§-319
Alzsk A 2] 5 7helli= xtol7} gl (p=0.12) o1+ 7t
= LAS %Fo] AlstE o] yehd Adzet A7sict, apeba] A
Al o] vk Y74 EAIE sidst] flsto] IRSell A S5 7]
FO 2 24 30 wi% o] LASE H7lske] A3 Al Fsh= W
]te] FHE71E2] 1A vloledn Ansiehs delA 7 4
ghek Ao 7 FhotEct,

3-2-5. AR

2 A5 fIsto] Alxg BE NIRS- ¥ IRS-7NE #E19] R
71U == 109 HIEAE A S 7155600 kg/m®)E 7335
Ch(Fig. 4). AR E] digt FAte] FA] o 9] Y-S 1
IRS7} NIRSE.T}F =9H=1|(p=0.01), ©]3= A Azl 2Jste] &)
7 AstE o mZM 233 Bgella] bdst A7t o] vERt
Avta} AYzrsict, 3HH NIRS 3= RSO LASE H7)sto] A =3
A o] AR/UTE F7FHA = (p=0.01), ©]& 5 Ei=
NIRS/IRS 7+¢] % 7roll Z2lo] A3kl NIRS/IRS B-3= LAS7} 93]
St A 3ol A 7] 5 710 2 73k 23]. 18]} IRS/LAS 2o
2] LAS H7FFE 10 wt%ell A 20 wi%® 57 2S wl] Ar7]d
L& xlo) 7} glowtﬂ (p=0.13) ©]:= IRS H o] HRV|UT =
LASHT} RSOl F &S =th= 21S ofn|di).

4.4 E

T4 FATI(NIRS), 1% FE2] ZAF =8-0of] 7247k 53k 3
AN FATIRS) 283 GEE HE(LAS)S T Eis S35
¥, 3hel2) 772 Beo] H71% ol galel W3S AzEAT.
o) S S Aol el ek At el A
2 545 st FAE A5E o &5 njEAdE o] -85}
7Vs/dE RISt A A& H”?} A3} glucose FHgo] 7
=% O ], T3 2 xylose, galactose, arabinose, mannose = &
ZAFEISIT, A0S 24 80 1A A2l Bato] thake
257k elEe Ao 2ol vo] e sloie] SHelN 2
go] 7k Ao Z ekt

TS0 % NIRS U IRSE 987 A|x3 Al Agd EAS
7kt A7), NIRS 282 kg FR7[d e D=2 1S02 H]
AR A SH 7)5E A ASE o i kel 117
FL& WA 7]A] E5Fith 09 Eld B o # 10 wi%s] NIRS?»]—
90 wt%2] LASE o]gato] Azt A8 2] 31732 1SS0 A 5

71&E RS o U Vs SS5A171A Zekslth ?ﬂﬂ
IRSTEO 2 A8k Wl o] A g 4] 5442 H7+3E Alelskar v

AB10] AnA 549 9 83} 743 Ho 85
A A5d 54 FEAA 1509 A 57 7S A3Elon,
LASS} Z3lslo] A%t Fele RS A KU} whe 3Rk gl =0
AR7IAE e J7dS Ewobl A= ASE FAEHH 53
IRS/LAS HZ A LAS 9] S7F= &% 1A 9 U4 &9

A 71ofelo] e S 20 Srk Tkt §120] 1% A
2 A Abgo] Fgo] 7bs e 20w AZE e IRSE
Azg B 9] e Ul BAIZ sldeh] $lstel nkeldl el #7k,
LAS 7kre] 27} % Alsie mele) A4 24 Fol vet 9
3} 4 37k A77E SAElolol & Ow AZFE B AT 5
elel A ke 2 BAsks S 1 ES A gl ?r“ﬂ
B YIS oI 30el AT ¥ AR 2 ) A

24 FF 3A ol 2. A8 AR S AR ek AR %%
FsHS AP & ow 2 o) Ak Y,

2 =2 20199 dldistn skl ] X le] o5t
=l ‘ITE]D]' Ao = —%{,‘—H%q]‘_}ﬂ 212 7}8H
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