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ABSTRACT

As livestock husbandry has broadened from family-scale to enterprise-scale, the number of farming families has decreased
in contrast to the increase of the number of livestock, and the amount of livestock manure discharged per household has
increased. Livestock manure is difficult to handle and its disposal in the ocean is prohibited. Moreover, facilities that
compost and liquefy manure are blamed as sources of soil, ground water, and surface water pollution because the amount
of manure generated from husbandry farms causes eutrophication. In this study, livestock manure was utilized as a
feedstock of hydrothermal carbonization (HTC) process to produce biochar for use as an environmental medium. The
biochar was tested for iodine adsorption capability and its performance was compared with other adsorbent materials.
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Table 1. Feedstock characteristics

(0)) T 16.54%C1 FAIFFLE 6.17%] -2
LrERA A

=L

TOIAE Biochars AJ/dsl7] S8l ExdE] =
£ Stainless A2 FAE °F 500 mL 832 W37
o] &3t g HTCHO oJste] #129] 2%(200°C,
220°C, 230°C, 250°C)ollA AAsIH o, ehalggolA
HESAIZEAIRE, 2217E, 3ARNE = = 974(0.425 mm,
0.250 mm, 0.180 mm, 0.150 mm)oll ™2 Biochar®] A}
AFES £33k HTC 982 R ¥ks7)E 24
water batholl ¥o] $YAA 712 AASKAL, Bio-oil
Biochars #}sle] E2)3lct P& Biochard WR-AI7E
U AGE Ef2e) VRS oMIESE 2447F BT
Zgste] Aot o] HHS £ Biochars 71Z7]0]
A 105°CE 2A13F AX S1Tk(Park, 2012).

[ 5]
N
>
¢
g

e !
e

2.3. 24 4y

Biochar®] AMd%E 3-24(Three components analysis)y
H7 &9 8, 7HAE, SdEs WS V13 Aol
o, H7=TAZAAYHA wet st AAE
Biochar ¥4-3418 ASTM D3176-09(2009)2 =831 ¢
2~F-27](Thermo electron corporation, CHNS-O Analyzer)
£ ARS8 #4485 SIith EAES C(EA), HE),
N(EZ), S@Ehelth. 0¢ke) e B3-S a7
SPESES Tlsll ZAlolA ALt ho = skt Fas
EAPHE #7138/ Rl wet 853t 858
€ GF/B(Whatman)2 <33+ & Microwave(Anto Paar
CO. Multiwave 3000)2 7 *J2]sle] ICP-OES(Spectro
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Moisture Combustible Ash Total
Wet basis (wt.%) 83 12 5 100
Dry basis (wt.%) 0 71 29 100
Elementary Analysis of Swine manure (%)
C H (0] N S Ash
44.62 6.17 16.54 3.19 0.48 29.00
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Fig. 1. Yield of biochar from feedstock.
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2.4. Biochar ¥y =g

£ #5E ol83le] HTCWHE-02 A4 Biochard]
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Fig. 2. Yield of biochar with varying particle size and
temperature. (a) 1 hour, (b) 2 hour, (c) 3 hour.
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Table 2. Three components of biochar

e T A A8 W7 AT 55

Moisture Combustible Ash Total
Wet basis (wt.%) 2 76 22 100
Dry basis (wt.%) 0 78 22 100

Table 3. Concentration of heavy metals in feedstock based on leaching test

Cd Cu Pb Zn Ni As
Standard (mg/L) 0.3 3 3 - - 1.5 KSLT
Swine manure (mg/L) 0.03 11.87 0.32 4.55 0.41 0.09 KSLT
Standard (mg/L) 1 - 5 - - 5 TCLP
Swine manure (mg/L) 0.05 8.87 0.42 10.81 0.36 0.18 TCLP
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Fig. 3. Elemental composition of biochar produced at different
temperatures.
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Fig. 4. Effect of feedstock size on iodine adsorptive capacity of
biochar.
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Table 3oX= A8S] = = W S5 24T @&
o=z, HrIEBHAA 7IEske FEl(Cu), 7H=E(Cd),
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Table 4. Concentration of heavy metals in biochar based on leaching test at various temperatures

Cd Cu Pb Zn Ni As
Standard (mg/L) 0.3 3 3 - - 1.5
200°C (mg/L) 0.03 £0.05 1023 £4.15 0.31+£0.25 2.08 £0.66 0.90+0.12 0.17£0.07
220°C (mg/L) 0.03 £0.02 3481041 0.82+£0.72 1.35+£0.68 0.88£0.10 0.20+0.07 KSLT
230°C (mg/L) 0.02 £0.02 0.37+0.18 0.30+£0.42 0.30£0.42 0.98 £ 0.09 0.19£0.03
250°C (mg/L) 0.02£0.02 0.39+0.14 0.44+0.36 0.44+0.36 0.89+£0.14 0.20£0.02
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Fig. 5. lodine adsorption by biochar at different temperatures.

mm, 0.180 mm, 0.150 mm)°] W= Biochare] 352
A% A3, 230009 FY 254 REEAIE 5
0.150 mme] PBZ7NA 2= F2F50] 219.92 mg/g
o2 Hoigks Yeila Utk & %9 Y7o AdF
£ 90T FFFe Aase A vEMAL =], o)
© = = YA AZGFE drigo] yolle wet 3
AP ©H3] 9 R] 9o} Biochare] Alladtdo] Yrolx]7)
ujEolgkal AR ETHFig. 4).

3.6. 22C s HI}

Feedstock, Biochar, & 48 eke] exll 9o &
25 Fig. 52 JERNSITE 1 A9 250°C MRS Wt
[e)

A2
2271 Biochars 9F 349 mg/ge] 7HE =& FHAES
Uehflon, 230°C 3A17F 219 Biochardll = 339
mg/ge] SISO E HIssSt FEEES Kol Q). o}
2hx] AAAR] SWE PSS wf 230°C 3AI7te] FHA
Zz710)2kar Alg ") SHX9F Biochard] 22= &3 As
AIKS M 1802, 2003)7} YA EH(Granular
activated carbon, GAC)RT} w2 S2AFE Ho|7] uf
ol 8o W Biochar®] Z¢ - 3}8t4 A3y} 2
Q38 Aog wcken)

J. Soil Groundwater Environ. Vol. 22(2), p. 52~57, 2017

2 dFoxE TR T = wsE HTCHS o
3] BiocharS A3/98131 2™, Biochare] A8/3x7del| w
2 A &S =St T3 AAE Biochar®] T5
& FERAEA S &8 7S gRlIstal Bt sttt

1. Feedstock?} &5=ristoll we} A4J® Biochar®] €
AT} Feedstocks =2 ©HA(C) AES sk
AR, 230°CollA] AAE Biochardll A B~ (C) AE-<]
Holgks UelITE 55 3= 3 230°ColA] Ha
o= UERITE

2. FeedstockS ©]83}e] QA wWE 2% L A
Z1o| A Biochars A3/Jal5itt. o] 2} &7} ol
SAo] ZojHGE BdrEo] YolRle Ade] Bl

3. Biochars Y4, T4 A4, 80 F&
e THRE Wl HTCE ©]83F & #= Biochar
© 25 230°C, RFSAIRE 3R] HHx0= ke

471 A= B3 HTCE ©]83 & #5 Biochard] %
5 FEAEA SE7FsAS FRIsIT AR e
et T A AT} B A5 Holy] wiiE
o Biocharo] E2] - 31817 243} 2§ L T3 F&
Wl tigk 37l A7 B8 Ao E AlsE

B
N

i)

Lo

A A
B AT 2016d% Aok ml] Sexdne.
2 Aguke s

References

ASTM D3176-09, Standard Practice for Ultimate Analysis of
Coal and Coke, 2009, American Society for Testing and Mate-
rial, West Conshohocken, PA.

Bae, S.Y. and Koh, E.S., 2011, Lead and Zinc Sorption in Bio-
char of Cabbage using Hydrothermal Carbonization, J. Korea.



71555 Biochard] £ - 3183 EAENS 53 F3A F84 ol I 57

Soc. Environ. Anal., 14(4), 228-233.

Beesley, L. and Marmiroli, M., 2011, The immobilisation and
retention of soluble arsenic, cadmium and zinc by Biochar,
Environ. pollut., 159(2), 141-480.

Cho, W.R., 2015, The Characteristics of Biochar with Food
Waste by Hydrothermal Carbonization, M.S. Dissertation, Uni-
versity of Seoul Graduate School, Korea.

Chung, W.D., 2016, A study on the adsorption of heavy metal
with food waste bio-char using Hydrothermal carbonization
(HTC) in acid mine drainage (AMD), M.S. Dissertation, Uni-
versity of Seoul Graduate School, Korea.

Demirbas, A., 2004, Effects of temperature and particle size on
bio-char yield from pyrolysis of agricultural residues, J. Anal.
Appl. Pyrolysis., 72(2), 243-248.

Lehmann, J. and Joseph, S., 2009, Biochar for Environmental
Management: Science and Technology, Taylor & Francis Group
Ltd., London, UK.

Nizamuddin, S., Baloch, H.A., Griffin, GJ., Mubarak, N.M.,
Bhutto, W., Abro, R., Mazari, S.A., and Ail, B.S., 2017, An
overview of effect of process parameters on hydrothermal car-
bonization of biomass, Renew. Sustain. Energy. Rev., 73, 1289-
1299.

Njagga, T., Tsai, W.T., Chen, H.R., and Liu, C.S., 2014, Ther-
mochemical and pore properties of goat manure derived bio-
chars prepared from different pyrolysis temperatures, J. Anal.
Appl. Pyrolysis., 109, 116-122.

Park, K.J., 2012, Optimization and Application of Biochar Gen-

erated from Swine Manure using Hydrothermal Carbonization,
Ph.D. Dissertation, University of Seoul Graduate School, Korea.

Khan, S., Chao, C., Waqas, M., Arp, H.P.H., and Zhu, Y.G,
2013, Sewage sludge Biochar influence upon rice (Oryza sativa
L) yield, metal bioaccumulation and greenhouse gas emissions
from acidic paddy soil, Environ. Sci. Technol., 47(15), 8624-32.

KMOE (Korea Ministry of Environment), 2013, generation and
disposal current circumstance of livestock manure in Korea.

KMOE (Korea Ministry of Environment), 2011, A Study on the
Economic Analysis through the Evaluation of Livestock Manure
Treatment Facility and Improvement of Installation and Opera-
tion.

KSA (Korean Standards Association), 2003, KS M 1802, Test
methods for activated carbon.

Xu, R. Ferrante, L., Hall, K., and Briens, C., 2011, Thermal self-
sustainability of biochar production by pyrolysis, J. Anal. Appl.
Pyrolysis., 91(1), 55-66.

J. Soil Groundwater Environ. Vol. 22(2), p. 52~57, 2017



