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Abstract

Stabilization of soil contaminated with heavy metals using

rice husk—derived biochar

By: Kim Hyeong Seck

Advisar: Prof. Shin Cee yun Ph. D
Cepartrent of Environental Enginering
Gaduate Schod of Chosun University

The sample soil used in this study was obtained from contaminated soils at
Jang—gun mine site located at Kyeong—-buk Bong—-hwa-gun, Korea. The
obtained sample was air dried, followed by sieving #10 mesh (2 mm) and
then analyzed. The sample was stabilized with rice husk derived—biochar and
then cured for 28 days. The total content of lead, zinc, and copper were
3,441 ma/kg, 16,466 ma/ka, 780 ma/kg, respectively.

The rice husk derived—biochars were produced under temperature at 500C
(RH-500) and 700°C(RH-700). To evaluate heavy metal stabilization efficiency,
the sample was separated into two groups: the first group treated with
RH-500, and the second group treated with RH-700. Each group was then
separated into three different biochar/soil weight percentages: 10.0, 15.0, and
20.0 wt%. The Toxicity Characteristic Leaching Procedure(TCLP) was used to
evaluate the effectiveness of stabilization process using rice husk
derived—biochar.

The pH values for the 20.0 wt% treated sample for the RH-500 and
RH-700 groups were 8.08 and 8.22, respectively. An increase was observed
in the pH values for the biochar treated samples as compared to that of

non—treated sample (6.58). This phenomenon was concluded to be an effect
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of alkalinity of the rice husk derived—biochar. EC values for 20.0 wt% biochar
treated samples from both groups (RH-500 and RH-700) increased by 57%
and 76%, while the CEC values for the samples from both groups increased
by 114% and 140%, respectively. The TCLP heavy metal concentrations for
the 20.0 wt% biochar(RH-700) treated sample suggested that the leached
concentration for lead, zinc, and copper were significantly decreased and the
soil was successfully stabilized. The concentrations of lead, zinc, and copper
were reduced as compared to original analytical results by 96.17~98.16%,
75.49~78.14%, and 99.92~99.95%, respectively.

The TCLP lead concentration reduction was significant, and there are two
theories that were explored to elucidate the mechanism responsible for
effective lead stabilization. The first theory was that the phosphate from rice
husk—derived biochar reacted with lead in the contaminated sample, which
resulted in the formation of sparingly insoluble chloropyromorphite and
hydroxypyromorphite or other insoluble compound. The second theory was
that the stabilization of the sample was accomplished through the formation

of pozzolanic reaction products caused by increasing pH levels.

_Vi_
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Table 2.2 Soil contamination potential level and soil contamination regulatory
level of korea
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2.2 EAQIXL

2.2.1 pH

E29 pHE E22 ACE LIEHE #C2, =2EHA2 16.7%(2015E JIE 1,679&ha)S
N2 AIZot Ue LelUetiid=e e 201 A0ICh U] S8 CO2t €2 &2
=0l 2o £l pHe &HE0ILE €Zelds T H=ll, HHELZ &2 pH

2 72 0d=2 g5 ANAA Al A= Lol LIEHTL ArdESH Stk
O UAs =T ESMotlh, =0l Migtel 72 H=2L0| X == AN SOl XIZHe! Je=

s g : Buffer solution AF2
pH meter Calibration 4,01, 7.00, 10.00)

1A|ZF =9F 30 rpm mHE

¥

pH 58

Fig 2.2 Measurement method of soil pH
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Table 2.3 Influence of crops by soil EC
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Fig 2.4 Measurement method of soil CEC



Table 2.4 CEC range of soil and ion exchange material

z 7 CEC(mea/100 q) TR (m?/g)

Ol2w& %=X 1900

~ ) 140~700

& A Zeolite 144~530

Kaolinite 1~10 10~20

Montmorillonite 80~120 600~800

Vermiculite 120~150 600~800

Sand 6

Loam 7 -

Clay 22~63

2 A E(Organic Matter) 100~300 800~900

(BEX : ELQHIMNZE, S3)|=s)
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Table 2.5 Contents of Soil organic matter
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Table 2.6 Soil purification technology by treatment method
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2.4 Biochar

Biochar= HIOI2 £0/2t0E 22|90, <2 MEQt DIEDIKIZ HEHE AAZH ol HO|
QUIAZS ZE0HEH FSORICHY,

ST, biochars CHeksh S0HHA MO0ID| AIRGIOM, EIAZREIZE S8 EATIAHIE M,
EQ0| HISE ZIl, AEEO| =3}, SAHZ MANOl =)}, EU 0|M20 &4 S
2L AZHAMEA 728D ACHY

2 HIge DHEZ 2= biocharS MAS QM= JILETIH Leln 25 22 HE
AU2FHE AL=EH= 210| HIZIAGICID Z2iM QUCH

biochars EMBRIZA AFEZID UOH, EAN AIEE AR Kol 2= EA9
%2 LAAIH KIoHEIE EHSHIHE 20ILE 549 2AHAIS SRS &= QJUOH, OHAMSGHE
Al HIES 2=AIZ & UCH EYLC| pH XH, EY Lf B&S ZIHAIZ 2 P, w8
EAOHESIN AN A biocharll pH= E£22| CECE SIHAIZI=0I
AUSFH 20t LOIEAZ pH £ O Lo, 0l char & U
J19F IOIE=AID|JF Z0tUI| TH2O0ICH

Biochar
07| 22 Egne
] B
MEUE | NOWE | oygn | B28E | oy core || saua [ EUSE | =AW
xizt H2t OIL{x] = | = e e
| 2

Fig 2.6 Application of biochar in various fields
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Fig 2.7 Measurement method of Aqua regia leaching
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2.6 TCLP E=SAlEH

TCLPEEAEHY

ro

0
AZ2l pHOI et 2= AIZY-O0l L EICH

= g7 EAHHECl s5d HIIE flot0 TCLPESAIZE S =t
(=]

Jl=s LIEHHALY

= Fig 2.801l LIEILHALD Table 2.70 =2 TCLP =

= NEETEF 0.5% 0[5le| A|RY HE
M= oo e
= pH<5 Acetic acid — pH 4.93+0.05
Aol pH 58 pH>5 Acetic acid — pH 2.8840.05
AlZet 20 E 1:209|
Hgz =of

22+3°CO| A 30 pmoZ2
18hrO| At ZIEt

v
Azl pH &%
*.
5CO{nhx| 2 of ot
&
oafel AR ol pH 57
v

ICPEA

Fig 2.8 Measurement method of TCLP

Table 2.7 TCLP Hazardous waste limit of heavy metal

Toxicity characteristic leaching procedurell il SHEE
< SHS 0|= EPANIA AIRZD USH, EP ToxBel HMIEEO=ZA HII=S2
Rold GRE HEHEFoD AHESIEC HIIE 5t ASZIHEICH 0] Al
Ep

tRIEALS EOKGHAI &20F EP Tox® 0Nl HIotM O =clotH,

sy

k=

&gt P2t

AlE0let

—

[S1g="
[=k=1

gl

O, TCLP A2

Heavy metal As Ba Cd Cr Pb Hg

Se

Ag

Concentration(mg/L) 5.0 | 100.0] 1.0 5.0 5.0 0.2

1.0

5.0
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MHFGIA2M, 0~30 cm 20l2] HEEE MFOIRUCE et EL=2 XA = 2 GAUE X
Aot E2o] 2SS 2Iah 10 mesh(2 mm)2 HMHSESHH AIE2=2 ARSI

QHEEAS F =S3F S IAGH| RoH 100 mesh(150 mmZ HMHSE S0 Sat
(0.1M HC)ZH ZAHO.TM HNO:)2 3:12 =88t 242 SQI5l0] MEAES P59
M, £ )| pHE EH& = TCLP =% &= SZEoIULL

= =
H5I2IC) CECE ZEAIEY0 M2 MBS 250 RIISES AALAHO2 =X5IY
(=} X

ZHISH @HE EF+2 = 3 NIEEH = XIS 2012 MIHSHH Drying oven(#2) 22 60C
OlA 72A12F 2AZEGIICE &4 biocharE MIZo| MOl AZAIR! He SISl FAS g2
AAZE 510l LAB HouseArl EJI12(DY-6062-6) 0123HACFY**. 274 biocharo

seX42 Y 10C2 22EE 500~700C2 ZFot1) 20 2A12tset
AMGIACKFD? | HIZE! biochar= SanplatecAtel CIAIHIOIEY(Sanpla Dry Keeper)Ofl 48 hr £t
OO 2HGIACE AE0 AFZE! biochare I & 20 mesh(850 A= MHSGHH E OHY
F=GIACE
2

=S
NIZEgt 24 biochare Ad250 el RH-500 & RH-70022 FHoIAL

b
ol
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Drying oven2& 60TCUHA 72A12F HZX

Fig 3.1 Preprocessing of rice husk derived biochar
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d2 HIstE AATAHAUMN AH

700C &4

(Bt @ KA AL X2H, 2 1 & XH)

derived biochar by pyrolysis temperature

Fig 3.2 Production of rice hus
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3.2.1 A biochare H&=4

A2 pHet ECE =&ob| ?lot Alget S7F=+2 BIE= 1:52 ot 1Al S2F 30rpm

dob| ?lot SE

ol

JJ

OF WS pH meter2t EC meterE AIZoH0 SAESII2MH, CECE
AR [t Asls 48 5t
21 biocharll &4 M2 M| fIotd XRF(X-Ray Fluorescence Spectrometer)S 0|20l

1), HOHZES 2610 FE-SEM(Field Emission Scanning Electron Microscope)S Ao

Table 3.1 Characterization of rice husk derived biochar

ltems Analytical methods | Reference

pH Electrode method | pH meter(Orion™ Star, A325)
EC Electrode method | EC meter(TOA, WM—22EP)
CEC ICP—AAS method | AAS (PinAAcle, PinAAcle 900T)
Elemental Composition XRF method XRF(Rigaku, ZSX Primus II)
Surface FE-SEM method | FE-SEM(Hitachi, S-4800)
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Fig 3.3 Soil stabilization using rice husk derived biochar
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fol

pH= S&0l JF2 6.58=2 LENH2MH, EC= 1.8 S/m22 LIEtECE. CEC=

62 d
cmol/kg2Z LIERICE SEZ RIISEES 12%2 L0 EA2L HIWE RIS

)

ISAg S Sol L 20| 28 EYC 535 =2 EPI6IR2H Table 4101 <2

0] SFoIU2H, =2 0.79%ULt. A2 ZUE 0IF0HE0F HHE0IH BISFER0]L,

K
it
1
30
[w]

=II=01 SFe E0lct

Table 4.1 Soil properties of Janggun mine tailing

Soil properties Unit = 24 20|

pH - 6.58

EC ds/m 1.862

CEC cmole/kg 7.59

Organic Matter % 12

Soil Moisture % 0.79

224 201 W EMole 352 =5 &5t /I &+ A=s A

AE Z, P2 Zn s5= 22 3,411 mg/kgdt 16,466 mg/kgl 2 E42Y
JIZ=l UHIIES 25 ZWoIACH Cull s%&= 780 mg/kglE 1XI 1 2K
EXRHLRHI ZTW 1XF2 ELLAUMI|IES = UGIALCEH

Table 4.2 Aqua regia test concentration of Janggun mine tailing

Heavy metal Pb Zn Cu

Concentration(mg/kg) 3,441 16,466 780
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=

oI5| <ol TCLPAIES oI, TCLP leachatel2|
E29 pH= 6.58Z TCLP

s ssoan

159 mg/Li TCLP #I8 JI=0l oHEotALM, Zniltk Cus

TCLP J|&
Table 4.3 TCLP leachate concentration of Janggun mine tailing
Heavy metal Pb n Cu
Concentration(mg/L) 159 21 173
a0l =AU2H,

=2 25.2 Wt JtHE

Table 4.4 Elemental composition of Janggun mine tailing

Element =l
(Wt%)
C 0.599
Na 0.0186
Mg 2.90
Al 6.56
Si 25.2
0.0545
1.36
Cl 0.0003
K 2.29
Ca 15.3
Fe 26.6
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4.2 2820 IE A biocharel dalE4

Table 4.60l= AMSC0 2 SHO XRF 24 Z2WE LIEHHZICH
=421 RH-5002F RH-700 = CF Si &&= 2k 48.3 1t 53.5%=Z JHE =UCH,
22 30.5 2 24.7%= |BI(International Biochar Initiative) J1&= EACHESINIZ AlI2Ll=

biochar2| Z|AZX2101 10%E EH5otRILCH

ol

Table 4.5 Biochar properties

Biochar properties Unit RH-500 | RH-700
pH - 10.50 10.52
EC ds/m 6.59 7.52
CEC cmolc/kg 127 142

Table 4.6 Elemental composition of rice hull derived biochar

RH-500 RH-700
Element

(Wt%) (Wt%)
C 30.5 24.7
Na 0.229 0.140
Mg 0.237 0.290
Al 0.0307 0.0431
Si 48.3 53.5
P 0.417 0.424
S 0.0294 0.0191
Cl 0.0324 0.0346
K 7.99 6.26
Ca 3.42 3.86
Mn 0.674 0.698
Fe 0.148 0.162
Ni 0.0152 0.0184
Cu 0.0295 0.0312
Zn 7.97 9.70
Rb 0.0151 0.0203
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SEME 0IZ20l0 biochar?l ZHE 2FoIR20H, 11 ZUE Fig 4.101 LIEFLH AT
A o

=
ZH biochartll T2 =301 MdE

o
o
Iy
o
¥

I?-IAQD;L n

50-100 pm@ Zsto] 2202 LIEHRCH 0l= RH-5002 RH-700 %%
DHECE 25010, 0l BS0A U2 22ES 2M46HE 01429 HAIXIS
= =)0 € 4 I M2 EY2 22 SAAII=M UMM ER6HCH L&
o 2 = MNGE IS SHEAIE ER2ENO dsts 0

Fig 4.1 SEM of biochar surface using rice husk
((a), (b):RH-500, (c), (d):RH-700)
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4.3 &4 biocharE 0|=s&t

4.3.1 oISty SdHg}

1) Soil pH
& biocharg 0|28t ELOHESIAEZ I OFRRE Xelotkl e E2H0il BIot RH-500
b RH-700= HMclet E22| pHIt SJtok= 2101 EelE AL
E 29 pH= biocharlil 2ol &= s& M J|2t S0t &4dol SItotALH, A4
AE 2 132s0 22 ZIt88 2o & X o¥HE 282 SUCh RH-7008
Xelst E201 RH-5002 Xcalst EH HIGHH pH ASE0l H =U20, RH-500
I RH-7002 XMe2let EY 2F EL0| =2+ pHIt 4SS0l  =ULH
8.5
2.0 4
7.5+
I
[=1
7.0 4
——&—— RH-500 10 wt%
........ G BH-FO0 15 wi%
et —— - ——  RH-500 20wt
o] —_—y— RH-700 10 wi%
— & —  RH-T00 15wt
— ——-— RH-T00 20 wt%
fn T T T T T
control 1 week 2week 3 week 4 WEST
TIME

Fig 4.2 Effect of rice husk derived biochar on pH of

Janggun mine tailing
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2) EC

& biocharE 0188 E2AtEAHZ N OIRAE XMelotkl %2 £l HIot RH-500

2t RH-700= HMclgh &2 ECIOt SJtote 0| I ULCH
E29 EC= biochartl 2o &2 s& 2d J|2t S 4Eol SItotU2H,

AMZE ZF 1= 0l =2 3ItE2 B2 = X ¢EEH=E 2852 ERCL RH-50

Xelet E20l ECE 48~57% SJtgt 210l Bl RH-700= XHclet &2

54~76% MK atEol SototRth. RH-700= Heclgt E2H0l RH-500=
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Fig 4.3 Effect of rice husk derived biochar on EC of Janggun
mine tailing
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Table 4.7 Stabilization efficiency by using TCLP method
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=
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o

24 Biochar Eelegt

10 wt% 95.55 | 7417 | 99.92

RH-500 15 wt% 96.07 | 75.48 | 99.92

20 wt% 96.64 | 75.69 | 99.93

10 wt% 96.17 | 75.49 | 99.92

RH-700 15 wt% 97.65 | 76.52 | 99.92

20 wt% 98.16 | 78.14 | 99.95
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