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ABSTRACT

The rapid industrial development is facing problem due to energy depletion in Korea. So that, it can be necessary to
develop alternative energy sources. Alternative energy like biofuels can be produced by using waste fuel, which is eco-
friendly. As we know, the organic waste was banned to dump in landfill and ocean dumping. The most practicable method
usually used to reduce organic waste is getting feedstuff or composting, considering the discharge characteristics of
agricultural by-products waste treatment were selected. In this study, bio-coal was made using agriculture by product. Bio-
coal was prepared by adding 50 g of uniformly mixture into reactor and was carbonized at low temperatures 210, 220, and
230°C. The time of reaction was 1, 2 and 3 hours. Bio-coal approximately was similar to the standard of solid fuels. Other
characteristics of fuel were also studied. The experiments which were analyzed were moisture content and calorific value,
ash, chlorine, sulfur and heavy metals analysis as mercury, cadmium, lead, arsenic, and chromium. As a result, bio-coal

220°C, 2 hours was the optimal conditions while heating.
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U F43 AdUES oA, oux] 1z
A9 7 v FAE A o a=RIgh A&t
5 A olA] el dg/do] tiF Ha ok
(Kim, 2012). Hlo|Quj~z 8= xdoze gy
F, 559 B, S2H71E 5] Ath(Lee, 2007; Kim,
2013). 11 FoM= HT FHHAEY ke A7F 9007t
Eol| SHlshHA 57} Hnto] ofd T ke AP 2
AerE, rtEANE st ot FRRECl™ F
A4 ABLIA 71 AEE o]9jel] FAPRoR de ke
2A F kY] Adold 7] FEES Uik 2 A
NME FURAE FolME TufAlgolA FAE 2z
Al BAERE f7139)7 50 2H-ES BEUTK(Choi and
Lim, 1998).
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sto] EHIsht AlsstE Astal JAth(Gong, 2011). 1
gt A7t B71g shREESe] SR Wls)
a1 glom, o5 o] &gt AHsH o] e A
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Bio-coal ©]gt Hlo|om|~E glsle] T TA|AEE
A, BE F71E2EE AAo] 7153 A JuRfler &
3] EE]= Biochar = JUA|Yo R ALEs= AES
Bio-coal ©]2} W3} 3 Bio-coak ARl R]0]7]
ol HAFE AUAEA ALE sl A ol9fdl= g
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73R 7¥ssi, ©aAR]e] e ZEAAL Qlo]
At wiEE @ FEE 2, EPEAEAE &8
o] 7}s3}tH(Bae and Koh, 2011).

Bio-coal®] A4 FHOZE H2EF7itetshit-g
(Hydrothermal carbonization, HTC)S A28}t Mohan
et al,, 2007). HTCZF n&FRslel= g2] A2olA, 4
2 Ak} A WESShE ASZ(Park, 2012), RS2
2] gefollA] o]FARAl =M, A vESA] B4 A
X Y HArT Qs fon AuAE 188S
d 4= o= ol Uth(Berge et al., 2011).

Bio-coak> AXA] Bio-gas?} Bio-oil= 7 A2keo]
A, Tl M= 7kael o Aol thgk A= vlwE B
o] FlgP=]o] FATT TFE] tigh A= Bo] o]FoiA
2] ¢k JJk(Kim, 2012). Wb B AgolME gk
2 FHES o83l Aedqvikiesuke-S F3)
o] A== Bio-coal®] 5745 AuHEITH

2. oiTEkH

2.1. A8 =

E A7) sUFAES A2A UlE T AR
71 H7 e Felde] wRAES At 5
GFARES] S olge] FHEo] 7K ®ol 2] ke
), 447 7] EuiRE SO0 YERTE B AqrllA
g wRRRES] B3 AT HIES Table 13}
Table 291 YERHAT}. SHFLHES] E3HES 84.93%
2 =4 Jeigen, 7laEy 82 2 13.30%,

Table 1. Physical properties

Agricultural
Compound b)%rproducts
Moisture content 84.93
Three E{;)r;lponent Combustible content 13.30
Ash content 3.54
C 46.98
H 5.20
Element analysis 0 39.79
(%) N 1.61
S 0.68
Ash 5.83

Table 2. The components and mixing ratio of Agricultural by-
products

Leaf part Fruit Rind Stem

Mixing ratio (%) 43 16 22 19
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2.2. Bio-coal 24AJA15

Bio-coatk> A7 ItEsPS AM881], 50 g2 Al
S5 WRg7I0 Yol AAdSIAUTHTable 3, Fig. 1). ¥k
ZA8 "k w 210, 220, 230°C, WRSAIZES 1, 2, 3

I} Bio-gast #¢IHE Fd Este] 1A e
Bio-coals AJAJSIT). ol S22 = B3 6°CE YE}
o, A% 24 Lho) =g F A 44 AA B
331tk Park, 2012; Mustafa, 2010).

Bio-0ilZ} Bio-gas= <]Z}A|] whatman NO.53(¢= 110
mm)S ARES] 39 oFel EEjet o, 2% Bio-
coak AlEHe] Ho} olESZ AF3le] A7 A
105°CZ 2A17F 7133199 THBaek, 2012; Kim, 2012).

2.3. 2MdY

Bio-coal®] 542 B7Iel7] flsll AR, 98, T
=4, W, JAFAAY]7E (Scanning electron microscope,
SEM) o= #HS MRS 7, 7198, SEew
o] S5k

Table 3. Reacter Information

Reacter

Volume 200 ml
High 26.5 cm
Inner radius 5cm
Outer radius 8cm

Fig. 1. Reacter.
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Table 4. Analytical methods

0]-83} Bio-coal®] 7FsA30l W3t A+ 3

Item Method

Equipment

Three component
Element analysis
KS M 0028
KSE 3707
Scanning Electron Microscope -

Heavy metal
Heating Value

Waste official method of analysis

Drying oven (Labtech) Furnance

ASTM (American Society for Testing and Materials) Thermoelectron corporation, CHNS-O Analyzer

ICP-OES (Wpectro Co., Genesis)
CAL2K ECO
S-4800 (HITACHI)

Tasd I AP 7I=F(Cd), T(Hg), 'F(Pb), 2
#(Cr), HI&(As)E 8o = sl eAlse] 544
FTUFAERY] Faso] AR Zolglal &3t 2zt
Z} 0.1mg/L, 0.5mgL, 1mgL, 1.5mgL, 3mgL, 5mg/
L2 ZAISk AFESIITHTable 4).

3. @3 3

3.1. Bio-coal, Bio-oil, Bio-gas AM =&
FTURAES o] 835l AAE Bio-coald] &2 o}
o} 22 2o 2 AR th(Baek, 2012).

100 ><Bio—coal(g)
100—W Feedstock(g)

Bio—coal Yield (%)= 100 1)

Fgo] 7FF =& A= 230°ColA], 2X7HS WESAIH
S A9 53.5%E RPon theoz= 210°C, 220°Co
] 24 W AR R 27 YERITHFig. 2).

>

F80] 7FF e A= 220°C, AR R UERit)
BE 25 ZoA 2AE vkEA] 7 el =%
o, KR ¥R AN 't AR o] FoiX]A]
% Fo= Hlth

A4E Bio-0il2] 44&(Wet basis)> FAHEZ ALk}
o, Alxkale v 2

Bio—oil Yield (%) = ]%%x 100 )

Bio-oil®] &2 WESA|ZIo] Aojd4E 789l
HkSA7to] Zojhel whit A|Eell U= Bio-oilo] T o]
F= Hojd Aoz Hoxt)

Bio-gas®] &(Wet basisy A|e] FollX Bio-oil}
Bio-coals A2Jgt gro = AlhkelRom, ALkl vt
2t}

Bio-gas + loss Yield (%) = 100 — (Bio-0il(%)) — (Bio-coal(%))
3)

55

50 4

45

40 A

Biocoal yield(%)

35 4

30 —8— 210T

. - Qe 2200
o O | —¥— 230¢C
25 T T T
1hr 2hr 3hr
Time(hr)

Fig. 2. The yield of Bio-coal.

3.2, AN

Bio-coalZ} YAIES] FAAE meks 93] JarA
A3P3tAT}. Bio-coald] UAWA A} ghAio] A
49~50%= HANEL] FHFAHE vlal] 15% 71 =)
UeRom, theo 2= 2khe] Fgo] 36~38%% UERITE.

T4 e 5% AE, dAihEe 2% WE Uelta,
2 BT 1% mRke R JERdT 382 Fig. 3004
e AT

ArBAe] Azt 24 F 230°CollM g7} 78 e
= Bl e 25 Folsslor, U 9459

Feke 2 Aols YeniA et

J
O o

P

A G2 Bio-coalS AZRAIA I FH(Higher
Heating Value, HHV)S S343190tt. AXAEE A58
ZLe 8700 0.2~0.7 g A= Fo} Akro] ES 2500~
3000 kPA7} HEE FHIGH § ddgs SA% Ay 1
S LEEF 7 IEPAEe] LEERe 3,000~3,300 kealkg 73
T2 VRO, Bio-coald] IZS 3,600~4,200 keal/
kg 7HA ohFstAl el

78 T whd7Re 220°C, 2holl A A49E Bio-coal

o|A UERATHFig. 4).
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Fig. 3. The result of element analysis of Bio-coal.
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Bio-coal®] A4S PolR= AFog F1 7}
AR, 3EoE o] SAI e 105i5°c4
Azx716A g ARE AZAIZ] $ EAATE QellA] 217
5 8719 FAE SHsla, A5E Hol o FAE =
I3t T 105 £5°CS] AZ71eA 4ARE BRE 12A

i=Ne)
e

2 o FAE S8l Tl A F8l Akbsiit
FRFH%, C)= 22100
27
7HAE #4600 +25°ColAM 3087 71D ¢ =7hY
£ HAFARTH Sl 471 v 7 A8, ol%
AZAZ) AEE 2mm ol8kE Ffsle] Trhe] ol
%ﬂl—i— At o] Algel 25% ARIEFENS 71

25C A BRE A1 % o) Ao
= o&qw A3 2 FAE ZHeka T A B9l 7}
AE B A B

(5 W&

(ws—w,)

TEI 71T B AlSlete] Tisich
B(%) = 100 - C,, (%) — 7FE-(%)

AR FHEY] FRFS
84%, 71 12%, BB 4%2 =AY o, AAH

Bio-Coal®] FE-3RS- 49, 71152 88%, 3|H-2 8%=

UehdthFig. 5).
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SRS AN
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Table 5. Heavy metals analysis of Agricultural by-products (Unit: mg/L)
Cr Hg Pb As
Standard* 70.0 0.6 100 5.0
Agricultural by-products 0.5235 0.0615 N.D 0.52875 N.D
210°C 0.549 0.06075 N.D 0.5535 N.D
220°C 0.516 0.0585 N.D 0.5205 N.D
230°C 0.4935 0.06075 N.D 0.49725 N.D

(a) tral b roducts

(b) 220T

Fig. 6. The scanning electron microscope images of Bio-coal.
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A9 Bio-Coal®] 54 H7} Aol J,gro}oq q.ﬁyjr FAR-S
AES =F & Ak

I TS o]&3te] ALket Bio-coald] A&
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3. Bio-coal®] Hjo]Qmj2slE 9igt WA= 4 Ay}
AAEe] WIERS 3,000 kealkg® VEREOH, AAE
Bio-coal®] AL 220°C, 2417t FH 4,200 keal/
keg= YERSATE

4. AP3E A Ay AAE] o] 84%:0 Aol
H|gle], AE Bio-coal®] &2 3% olUIZ =AU
om, 7tARe] ke YASRT: Bio-coald] o] 6l
7FE w2 FAE eI

5. 79% 3 38 A% 38, 7I=F, 7, 9 2
H|Zx0] 3Fds 5783 23 449 Bio-coald] THES
Ae] EAIBIA ke, vlel e PAE Ve BT F
ettt

A} 13820 FHRAEE A3 Bio-coal

J. Soil Groundw. Environ. Vol. 20(3), p. 1~6, 2015



kil

N
o

AqUALeZMe 77} Jrhal A= o,
B35 913 BA A7 D8 Aot

}%__1

4

A A}
E ATe 20139 A2AIHOIE L a] g A Y e
2 2duke w1y

References

Bae, S. and Koh, E., 2011, Lead and Zinc Sorption in Biochar of
Cabbage using Hydrothermal Carbonization, Kor: Soc. Environ.
Anal., 14(4), 228-233.

Baek, Y., 2012, The characteristics of the Bio-char with the food
and wood waste, Master's degree dissertation, Department of
Environmental Engineering, University of Seoul, 21-22.

Berge, N.D., Ro, K.S., Mao, J., Flora, J.R.V., Chappell, M.A.,
and Bae, S., 2011, Hydrothermal Carbonization of Municipal
Waste Streams, Environ. Sci. Tech., 45(13), 5696-5703.

Choi, C. and Lim, N., 1998, A Study on the Treatment of Veg-
etables waste, Chung-Ang university, 28-31.

Choi, Y., 2012, characteristics of the biochar produced from
waste biomass for improvement of acidic soils, Kwangwon uni-
versity, 14-18.

J. Soil Groundw. Environ. Vol. 20(3), p. 1~6, 2015

g - AT - oA

Gong, M., 2011, AstudyonCharacteristicsofOrganic Wastesan-
dResources in the Agricultural& Marine Wholesale Market,
University of Seoul, 16-21.

Kim, H., 2012, A Study on the Characteristics of Biochar with
the Sludge Sewage by Low Temperature Hydrothermal Carbon-
ization, University of Seoul, 1-4.

Kim, U., 2013, Characterization of cadmium removal from
aqueous solution by biochar produced from a giant Miscanthus,
Korea university, 8-16.

Lee, J., 2007, Production of Fuels from an Agricultural by-Prod-
uct Biomass, Kongju National University, 16-24.

Mohan, D., Pittman, C.U., Bricka, M., Smith, F., Yancey, B.,
Mohammad, J., Steele, P.H., Alexandre-Franco, M.F., Gomez-
Serrano, V., and Gong, H., 2007, Sorption of arsenic, cadmium,
and lead by chars produced from fast pyrolysis of wood and
bark during bio-oil production, J. Coll. Interf. Sci., 310(1), 57-
73.

Mustafa K. Hossaina, Vladimir Strezov., 2010, Agronomic
properties of wastewater sludge biochar and bioavailability of
metals in production of cherry tomato (Lycopersicon esculen-
tum), 78(9), 1167-1171.

Park, G, 2012, Optimization and Application of Biochar Gener-
ated from Swine Manure using Hydrothermal Carbonization,
University of Seoul, 28-36.



