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A Study on the Removal of Heavy Metals in Soil by Sewage Sludge Biochar
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ABSTRACT

This study proposed a low temperature hydrothermal carbonization to treat and recycle sewage sludge and determined the
optimal conditions for the biochar production. The physical and chemical properties of biochar were analyzed and its
sorption capacity for heavy metals was evaluated. To produce biochar, 50 g of sewage sludge was heated at 220, 230, and
240°C for 1, 2, 3, 5, 8, and 10 hours in a reactor. The optimal conditions to produce biochar was 230°C and 8 hours.
Sorption capacity tests were conducted for arsenic (As), cadmium (Cd), copper (Cu), lead (Pb), zinc (Zn) and nickel (Ni).
Among them, lead was shown the highest heavy metal adsorption efficiency of biochar, followed by copper, cadmium,

zinc, and nickel, but arsenic was hardly adsorbed overall.

Key words : HTC (Hydrothermal Carbonization), Biochar, Sewage sludge, Heavy metal adsorption

LA B

Biochar= “Terra Preta’ Bl % E2]=H] olr]& <t
o] oJm] 9000d Mol =3 Frleds El] Bl
FEOZH EYS vlS3A vh==t| ©]-8F At Solomon
et al., 2007). =8+ biochare EYE2] JYA/ 759
&, W) BN, B AR 271 53 g of
o] Wk oje} Bhi Zel, N0 IR, Wk 35
Az, A 2 Bzl e Ao dEA 2l
CHGirgis et al., 1994; Bae and Koh, 2011). &, Alo]
U F2AES 0183k] AoJR biochare] S} EUIA H
2, 7F=s, ok 55 3R 55 SR tig A
T2} BuE3 th(Beesley and Marmiroli, 2011).

slEeiAl el Al Az B kel AxE A4S A
2 HlwE =S 25 (400~800°0)2 AH8dhe 11 9E
I ks 2e, B AFtelM AR A2 d57isher
SMFS-(LTHTC: Low temperature hydrothermal carboni-
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zationy> SKFEH A M F A% dislol &t
E g WO = (Mohan et al, 2007), 180~250°C
Aol A-2of|A H-8-5H (Lehmann and Joseph, 2009),
nlo] Q2 2pAHo] -5 o83 F4 AHehHoR )
3 olele] Hx T WAt Edesty] wlEel Ay
A2 F& 883 ¥ F v o] UrhBerge et al.,
2011). B=3F SRR A2 G7tasiibgol st
T= Y ATelA S ol 8SIRAT dEE A
ZAIFTZE T EIgE JolA o ZAlE dgte] 2o1d

Al Jojar FA=E ™ (Kumar et al., 2011; Liu et al,
2012; Zhang et al., 2012), °]ol] & dAFoXe QA8

A9 G5 o8-8t ARtk HellA AbEe
At AL Fg7Istesihe-S B3l vloleviae Vi
3] (hydrolysis), -6=%+5-(condensation), 87128413} vt
-8-(decarboxylation), B<1F-8-(dehydration)l] €J3]l biochar,
bio-gas, bio-oilZ ¥} FTK(Titirici et al., 2007; Berge
et al., 2011). £3] biochars 72 A 312z 74
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HH, 312 SEEE Fol AdEe B RES ¢
AR Z Zre= chardbs TFE©] Fth(Lehmann and
Joseph, 2009; Guo and Lua, 1998).

2 A PRl sinit ¥<Es] Srlske dred
AE A2 da7IRteshibeo 2 A2J8le] biochars A3
2A71aL, AR biochare] 5448 o183 EY ] EA)
Fe $55% SEAEA AH7FsAdS d7siaith
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2. M= R U

2.1. CHAH A2

2 A7 AFPel o83t srEeAle AEAl A S
siEAElolA HE AvEe grsdAlE ARSI
AT slrEiAe] 94 AR 9 S5 85
/4L Table 17} Table 29} o] YeRHtt. s&ex]9
TEFFS 77.58%= THF] -5 e AJEIE e
Wal, S-S AL 7R g T BT 31.69%=
7P =2 HIEE JERTE B3 s Ao Y
& Ax FE VTR FEE ARSI

srEEiAe] F54 85542 KSLT(Korean Standard
Leaching Test)3Ho2 FA48t Ay} TH7EdEH ) Al
2 [ 10X AN 71 vlaEls W Ve
X5 273 LUTH(Ministry of Environment, 2011).

Table 1. Physical properties of sewage sludge

2.2. Biochar A A5

£ A9 biochare ZH|QIE]Z A1 ] WEE7](8 x 8 x
26.5 cm, £3]-2012-0158154)2 o]83}3o FLL dry
ovens ©]83le] A2 G7IQtershikge] o3l A8t
o} $] 9kg7lel YAEL] F5EHA 50 g& wESTIel ¥
o] 220, 230, 240°Ce] WkETollA 22} 1, 2, 3, S,
8, 10~ B9t WA, WS T HEUIE
Zof| ol FYAIZ $ TRE AAS AL 7
bio-0ilS #2]31th H2]® biochars ElZ2AE-S A|A
317] 913l oFME 50 mLS o] 20413 gkl & 749t
AZsted 105°CellA 2417 B9t A3 THBaek, 2012).

>

2.3. Bicohare| SMEM

BET(Brunauer, Emmett, Teller) B3 ® &=} A7}
Ue AN 2= FYTH R HRIIEER] KS
M 1802(Korean Industrial Standards, 2009)4 43}
= A wet A38199H, biochard] HAZA &
=] PAERIE SN w& ol w3HE-EK(Cation
Exchange Capacity, CEC)S 7} o] QA4S &
2she o] Svke A7 A%(Elliott et al., 1986)°1
2} Soil Society Science of America(SSSA) AEHPHO
2 12493} t}. FT-IR(Fourier Transform Infrared Spec-
troscopy, Perkin Elmer Spectrum 100, USA) #4242 A
Foll ALMS AR TPl WE FFEE S5k
o= e biochard] e WIskE E4of Z

Compound Sewage sludge gapom, nli|Ee] FHPES Blwsh) sk Ab
Monstu?e 71.58 2%]= SEM(Scanning Electron Microscope, JEOL JSM-
Three component (%) ~ Combustible 10.79 6490LV with Energy Dispersive X-ray Spectrometer,
Ash 11.63
Oxford Instrument Inca X-stream) 43 53] A< &
C 31.69 _ — -
H 485 F7IEsNEg-0 2 MAE biochar®] EHEAS e}
El " vsis® (% (0] 6.33 At
ement analysis (%) N 405
S 1.15 2.4. Biochar?| 3% Sats8 Ag
Ash 51.93 Biochar®] &34 §24% H7HAEo] 24 biochar :
"Dry basis solution H1& 274 AAS FsIGt. vlE 24 A9
Table 2. Heavy metal contents in sewage sludge analyzed by KSLT*' (Unit: mg/L)
As Cd Cu Pb Zn Ni
Standard*? 1.50 0.30 3.00 3.00 - -
Sewage sluge N.D*? N.D 0.004 0.760 0.271 N.D

*! KSLT: Korean Standard Leaching Test

*2 Wastes Control Act Enforcement regulations [H3% 1]
*3 N.D: Not Detected

J. Soil & Groundwater Env. Vol. 18(3), p. 58~64, 2013



60 Al - v -

T8N F9 F55 F=° Ut biochard] ¢S ZAAS
= Agoen g TS FEAL EH g3t

#4x9] biochar ¥ 23| ﬂf?} Aot Al
EPA 530, ASTM D-46469] AdwS a3t
(USEPA, 1992). 542 Lx_(As), FF=H(Cd), T
(Cu), F(Pb), °}A(Zn), YA Ni) A% EFENo2, pH
3.9914 10mg/L, 100 mg/LE ZA|8}5 2™, biochar :
solution ¥&S 717 10mgLel F=olA 1:100~

21000, 100 mg/LY] %04 1:10~1:5002] HellA
ngﬁﬂ A 33t

olF AH nlES nEo R 3o FEE EFEIAS
5, 10, 20, 50 mg/LY] 5= ZAGlY a4 FXas
23S it
3.8 o mE

3.1. Bichar2| MM+8

SHFEEAE o83t AAE biochare] AdT&
(biochar yield (%))2] A AT ngARo] Ha}
o] biocharZ} AT Ao|EE FAMISE $Hkste] 2
()} 2ol Ax7|FESE AR

100 « Biochar(g)

Biochar Yield (%) =
100-W(%) Feedstock(g)

x100 (1)

A7IM W(%ye AR TS 9n]shH, Biochar
= A% biochar®] FF7I, Feedstocks WFE-7]ol] £
b AAES] s AY FAE ov|gitt. dRkdos
biochar®] A R 57} FolA|aL, REEAR o]
Holl w2} biochare] A& (biochar yield (%))°] A
e A B, AJHOE 55% o] 78S H
Aok 8o 7 TS AE 2200, X7 7429%
£ B0} B9 visPle A oE whSAIRE 1ARE B9t
2 HEgo] T3] YoluA| 22 S arEfsie] AlLjgs
w}(Bae and Koh, 2011), 230°C, 3AIZtolA 65.81%%
7}J =& ANTES BT T3 78] TP B A

$= 230°C, 10A13HNA] 55.35%2] 4-8-2 HUKFig. 1).

3.2. Bichar?| 22E MW}

A= biochard] HZF =
T A= Fig 29 2o, BHE WX
oA BEEAIRE AR F2M 50 STk 8AIkE
o]$-9] WA= Thiske 73S BAh o=
AR WAl w2 wAI7]Fe] A9} F= QS|
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Fig. 1. Percntage of yield of sewage sludge biochar.
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Fig. 2. lodine removal test by biochar depending on temperature
(control: powder activated carbon (PAC)).

E3A50] 743 Ao g FHATHIung et al., 2008).
Biochar®] $23M15S vlnl Hrlsh| -46]] 22 &gk
(Charcoal Activated, Powder, PAC)yS 22 = (Korean
Industrial Standards, 200922 Q2% %&@—;—%7} A]
S st 1 A9 e oF 750.18 mg/g
o] £358S Bt /M =& %%%E%‘% =
biochar= 240°C 8AI7FEF 230°C 8AIZHOIA WESAIZL A
olm, &by vwgS uf 717} 312 mg/g, 301 mg/gS
2 °9F 41.64%, 40.25%2] T&E8S R A7 &
2504 B AL uAPE & Qi NUAH &&
é% THYPS o 230°C 8AITFNA B2 biochars A
ArzA0 T ARSI

nEXx| S 8ot

A 8% 7} AI= Fig 339

3.3. Bichare| 0|2
Biochare] o] w3}
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2gon, HAHoR Wgrrt FVIRE, vhgARIO|
AojdgE ol wEgFo| Fhisle A3E Btk
AAE blochar— O F 25 meq/100 g o)l o]
2 WS FABIR oM, SRS Yol wdkrA|
S 9.17 meq/100 goll BIS}A biochar®] Yol wEhg-
o] A=A ST olefst 4 Hi= Hossain
et al.(2010)8] <Al A3AE '3]4“/;31] biochar2] é
o} vl AFeS Helth 7P A 4" A=
220°C, X714 39.55 meq/100 g0 & LFEREOLY, 04/\1
HESAIZE 1AIFEREe B9 espsd o= whgol &
B3] dojuA] ek e 1135l Al2lglS wl(Bae and
Koh, 2011), 230°C, 2A|ZtollA 38.71 meq/100 g2 7}
=2 oz Yeiith T3 7 WA S99 Ee=
240°C, 10A]7FCE 25.07 meq/100 go] ol wehssS
HHFig. 3).
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Fig. 3. Cation exchange capacity of biochar depending on
temperature (control: powder activated carbon (PAC)).

(a) Sewage sludge

3.4. Bichare| EHEM

Biochar A4 wlAl71Ee] de- B84 98k SEM

BAo slgZaiR|9F HHz2A ]/‘1 23/% BiocharS H]
W BAET AR SR B tiAlE
AoiA] ke WHF w4 WA e v @H— 11
230°C 8AITHN A WEEAIA Ao biochar—4 FES A

AAQEQ) AR U3 73 e} UW] ]*Ol
2ol A7 A& & 4 ANTE Bae and Koh(2011)7}
HHE3}9I50], biochar®] U]/‘ﬂﬂ“‘—’—ﬁi ol AjHoz
W o= | a5 ¥ 9Fs F 2o
2 AEEHFig. 4).

3.5. Bichar2| 27| 24

ez RI9h 230°C 8AI7HOIA BREAIZ] biochare] FT-
IR #423= Fig. 591 o] ettt skeseAY 4
2 3,698 cm™# 3,396 cm™'oll4] OH Z&7], 2,926 cm™
I 2,855cm™olA NH," ZH&7], 1,658 cm™3} 1,314
em™olA C=0 A, 1,534 cm ol NO-R ZH87],
1,452 cm™oll CH, 2F871, 1,385 cm oA CH; Z-87],
1,034 em™ ol C-OH Z3%, 797 em™3} 779 em™ ol A
1,3-disubstituted benzene, 672 cm™'oA] CH Z2Z+&7],
536 cm™ollA C-Br A%, 472 cmollA C-I Zjlo] 4
L3\

SHEEEIRIE 230°C 8AIZHIA WRSAIZL AR 3,699
em™'F} 3,622em™'F} 3,418 cm ol OH 2871, 2,926
em™'# 2,855cm'olA NH, F87], 1,636 cm ol A
NH, 2871, 1,448 cm o4 CH, 2271, 1,035 cm™'ol|A]
C-OH ZA%, 797 em™3 779 em™'ol| 4] 1,3-disubstituted
benzene, 696 cm™'lA4] mono benzene, 535 cm ¥} 647
cmOlA C-Cl 2%, 471 ecm™'ollA C-1 2] YEltTh

(b) Biochar of sewage sludge

Fig. 4. Scanning electron microscope images of (a) sewage sludge and (b) biochar.
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Fig. 5. FT-IR spectrum of sewage sludge and biochar.

Park et al.(2007)%] A7l W= F55% AA= =5
2|0l EA8}= carboxyl 28712} hydroxyl 2-8-7]1912]
ZE A o3 AAHE ZoR dHAIL o,
biochar®] Za4 AA GA| TS vkl oJgk duz
A2 ETHKim et al., 2010).

3.6. Biochar?| 33% &4
Biochar : solution Bl& 274 A3olA AE=(10 mg/L)
o} IFE(100mg/L) BEFE &3] FFago] of

10~30%= YERH biochar : solution®] Hl& = 1:5002]

HE-L FHAu8E AASATE Biochars: 54 24
Z ARE3E7] 913t biochard] T54 S35 H/AES

=%~ S IINFL
TES B

(As), 7Y=H(Cd), 7-2(Cu), F(Pb), °}3(Zn),
YA (Ni) 4 1"?—-/] AAEES Fig. 69 YEFATE Biochar
o] FTEEY FHEEL HolA 7R =4 S8=0eH,
Tho® 72, 7k=4, ok, Ui M= =& 323
£S5 B9l wbd HlAE 3% nvke] HluE uke
%% q.g.uuo o]}; :‘,:Q_oﬂ )z}ﬂ]oﬂ/ﬂ o}:o]i_i _%;(H
shke thi-te] S5 dade 2] vlie Aslsole
/39 eE A7) it Bla v FEE

Efdl Zoz FAAFETHKim et al, 2011). Biochar
of thek Fo] FFE S| 7MY w2 AT MdPAT
((Lee et al., 2006)%} HIS=SH AFE Holal 1o, o]=
biochar®] PIAI7]E EANZ FAREHAE S7RIHES Wt
oftiz}, o] mA|7]Fo) o] Fileo] &HH o7 FAo]
o]Foj=)7] witolgtal FAE ATk Lee et al., 2006; Bae
and Koh, 2011).
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Fig. 8. Freundlich plots for heavy metal uptake by biochar.

Table 3. Langmuir model parameters for metal uptake by
biochar

Heavy metal a b R?
Cd 270 0.005 0.030
Cu 303 0.014 0.207
Pb 714 0.175 0.787

Table 4. Freundlich model parameters for metal uptake by
biochar

Heavy metal K 1/n R?
Cd 10.3 0.125 0.451
Cu 33.9 0.131 0.930
Pb 20.5 1.122 0.665

ARV} Freundlich 52 S22l HIg| HA|F o
A3l GA ALFEATE. Biochar®] Langmuir 52

=2
B2 AE Fo] TS UeRE o7} 714, A7)
= Yeil= w71 01752 7P =41 YRS ™, Langmuir

2 F2fdlo] A¥E the- Fig. 7¥ Table 39 YeRit)
Freundlich 52 &2H2)9] 2= Fig. 87 Table 4]
vERloH, =S Uell= 172 Cd, Cu, Pb 22}
0.125, 0.131, 11225 YephaL gt} B3 F355
ERE kGRS FElolA] 33.92 71 =8 A9E Jepith

(¢}

4. &4 2
Aol BN Tu5 AAE At AL davisie
S-S o]g3le] AAH biochard] EA 2 E2as
We v 22 228 =58 4 Uik

1. 3l5E3A] biochare] 82 HAHOE 55% ol

o
>
NI
T

o] (dry basis), B ESPFsAHOE HES
3] dojubA] R S arEste] WRSAIRE KRR A9
1S w(Bae and Koh, 2011), 230°C, 3A]7+ollA
65.81%= 7P =& AAGFES B3t

2. 80E FAITHIIe A} AUy &84S 11
3l bicohard] HZ WAAZRAL 7P 2o FHEES
1l 230°C 8AIRMIA AAFE Z9olH, omfjo] 2 0=
258 301 mg/gS = LERIT

3. Biochar®] ol WA &5 7t A= A
Ao WS wrt STRIRE, WhEARTe] Holds ¢
ol wksEo] HAshs AES Btk 7P =4 S
AE A=, SRAIRE XS Al o, 230°C, 24
714 38.71 meq/100 g0 & 7F¢ =4 VRt

4. B3E biochar®] EHW|A|7|F] WS FA% 4
7 ARSI skrEHAY] B5 gz og sl
biochar®] W2 X3k 73 e} wjA7]go] wWol A
A R3E & F Ak

5. Biochar®] T4 FFEEL oA 7MY =4 S
AElor, thaog 7, 7=4, ofd, YA sA=
=2 FHEES B 1Y ke e FEEY &
Zagol vlst HluA e FHAES KA olE
Langmuir®} Freundlich®] S-2-83H2o] 243 2 Ax}
Freundlich 525220l O Adslfon, $3%S UEt
W= K3 720lA 33.92 7K &8 AxE Jepich

o} e AEY M2 daIiEsEe-S F3l
3E biochares 5% SEAIZHN o]go] 7Fssitial
s, RS A8slE S AAFQ A% 283 %
ZBAS el tigk A7 BQE AoF AlEHh

AL AL

B ATE 2012d% M2 AAAE ATEEAL
drog A A AU
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o
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