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Characteristics of Solidification/Carbonation in the Heavy-Metal-Contaminated
Sediment Treated by MgO-Based Binder
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ABSTRACT

A novel MgO-based binder was developed and applied to treat the anoxic sediment that was collected from Seonakdong
river, Korea and was contaminated with heavy metals. The treated sediment was evaluated by measuring compressive
strength, expansion, leaching of heavy metals and storage characteristics for CO,. Initially, an optimal blending ratio of
lime (L)/fly ash (FA)/blast furnace slag (BFS) that was to be mixed with MgO was screened to be L 3-FA¢;-BFSy ¢, Long-
term strengths of the sediments that were treated by various mixtures of MgO and Lg3-FA ;-BFS were then evaluated
and the blending ratios between 4 : 6 and 6 : 4 were found optimal, which yielded a compressive strength of 4.09 MPa. On
this basis, the optimal MgO-based binder was selected to be a 5:5 mixture of MgO and L,3-FA(;-BFSy¢. The good
performance of the MgO-based binder was believed to be due to the formation of Mg (OH),, which filled the micropores
and also increased the density of the solidified matrices. The MgO-based binder exhibited an average stabilizing capacities
for heavy metals of 92.9%, which was similar to or higher than that of Portland cement. It was found that 69.1 kg of
carbon dioxide could be sequestrated after 365 days of curing when treating a ton of anoxic sediments.
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MgO 74k a18kAlE: ]88l *j2j gt

718 BeE EAlshe B9 o, 71 Eafekeo
2 Y g3k st =2 AU Bk g3k
A5 HHE el e a5 4 adetd 559
LAEE PFFe 3H4A gES iAllen et al,
1993). 22t gshEo] Akt HsH 2 75 w45
2BlEEA FEES 8341 T e Al pH=
SolA]A| Stk (Hwang et al., 2011). ©]2]3F 542 71X
A FHEE PCE ol8ste] 18l A& 3¢ st
39 AEE A4slE= Bxrt %2 Ca(OH)7t oh
A HANE Al ofsf AAstEe] Fer) A MPEe
Aow Peid Qo] PaHEe] A RE 35 52
787l o€ 7Fs4do] =tH(Hossein and William,
2003; Kang et al, 2008). Z&u PCOl fly ash(FA)Y
blast furnace slag(BFS)®} 72 AFFFAME oA
Supplementary Cementitious Materials(SCMs)Z AH&-2
T e RS £9% A 28R 78R o
Frjutakde] FAdEo] AdataA A&HR] RAlE 3
dote] AEs FATIHAM AR PCE TEOE
ARSSE FHTE 9% Z1o 2 eI THPuertas and
Fernandez-Jiménez, 2003; Kang et al, 2008) Tj&-o]
SCMs AR Al CO, WiEZ] 5~6% H=E AAs}
i 9= PC A9 #AIE HET F Ue W=
3}CH(Worrell et al, 2001; Sterfanovic et al, 2010;
Rodrigues and Joekes, 2011). Folle Aei A9
SCMsE 7R}t FAlol o3t ashAlE o83l COo,
E Ak kst whge tigh A7 E=gk sl
&= 31 Qch(Schneider et al, 2011; Vandeperre and
Al-Tabbaa, 2007; Mo and Panesar, 2012).

MgO= F2 HAFEQ MgCO:Z 2AAA Az,
COE A8 = Jal PCet EA] A=E AL
Ao HT FEEA Qle EHoth MgCO0:e &S
PCS] AR AWAE vk 2521 750°CoA] o] F-o]
2)7] WjEel ARE BakgAe] o, uiEHEe] At A=
o] 71odelar e 71E A8 ARES YU = o] d
yzAgk Cco, HiE A3k a3 HoluH, olF MgOE
o83k 11¥3} 5o FA AHE AT COE A=
ERHAS) 1R oA HEE = drhe Axe] ot
(Park and Fan., 2004; Maroto-Valer et al, 2005,
Gerdemann et al., 2007; Vandeperre and Al-Tabbaa,
2007; Torres-Rodrguez and Pfeiffer, 2011). MgOE o]
83l PCE FEHo=Z YA A Mo} 578} =W
Al s 5408 et PC ERbEe] Bl
= s Ael] BE ARRS AR Hold A=,

e OE

=4 0 FHE L] 118 3l/ERIEE} 54 103

AT, A, P T B4 BARE EE e
2 RuE3 tk(Kasselouris et al., 1985; Gao et al.,
2007; Vandeperre and Al-Tabbaa, 2007; Liska and Al-
Tabbaa, 2009). ©]:= Mg0<] 3hakgol ola A=
Mg(OH),7} PC2] Ca(OH),S WxI8FHA pozzolan &2
I JES-31e] tale®} 22 Magnesium-Silicate-Hydrates
M-S-H7Al =25 4397 WEes 433 vt o
(Wunder et al., 2001; Liska and Al-Tabbaa, 2008).
Mgoe t7|2%E sl 3552 &89 Co%t
HF-3-3}4] nesquehonite(MgCO; * 3H,0), dypingite(Mgs
(CO»)4(OH), * 5H,0), artinite(Mg(OH),CO; - 3H,0)8} 2
2 eKAs) BES I cos AlE TsS &
g T A3 v xR} AET D F e
Ao 7 BuE v} JJti(Mo and Panesar, 2012).

o]t M7 E M09} PC & SCMsE E3al=
astA|e] JREke w2l Al & & Aok 2 A
o] EZ& MgO2} SCMs?! fly ash, blast furnace slag
E &8t PCet AARE s RIS = MgO
719k ASAIE Tkl FAEES AelsPEA CoE Al
1k = Qe 7les Jidske Zlolth WA MgO 7t
TSRS APEsr] ffs MgOSt SCMsE PCot FARE
sielxAe] HEE oY 7HA] HIEE 3% IsAlE o]
Bat AES AEdt £ A7 =SS kst
Aot theo2e 854S Totelr] flal AEE vA
o A7) WY 4 5 SAY 5 83t A=E
Brreint. v 2 whldst A4S pH Riste}
TGA(Thermogravimetric Analyzer)/DSC(Differential Scanning
Calorimetry) & ©]-83}>] 7}ttt
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Aol ARG FAEE MYy HalRsl =4t A
HollA AF=t g AP B d77leo] X&He=
T 3ol e HHES RUEY e Ay I35
57 7P =& 3oltk(Lee et al, 2009; Shin et al.,
2009). FAESY U BIE= w7} 47%, AE 38%,
HAE 15%2 Ueldt S48 #0200 A2 A¥Eske
75 um oJ3le] PINETRS: g o] &3t FAEY
315152 Allen et al.(1993)°] A|QF3F AVS(Acid Volatile
Sulfide) ¥21"H%} Canfied et al.(1986)°] A|¢Fs CRS
(Chromium Reducible Sulfide) ¥4HS o]&-3le] Ak
3t A3} AVS FEE 1984 umol/g, CRS FEE 2022
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104 PEE - A -
umol/ge 2 UERITE o] B Ayxlse] 714 EF
Bl Huslal 9= 40~212 umol/g2] AVS FE HE
ol &1, Hlw3 £ A7 dele] HeER Aty
A THSimpson et al., 2000; Lee et al, 2001, Kelderman
and Osman, 2007). A3}A| 2= MgO(Yufeng, Ching),
PC(Tongyang cement & energy, Korea), lime(Junsei,
Japan), FA(Samchenpo coal-fired power plant, Korea),
BFS(POSCO, Korea)s ©|-83lAth Ta4 415 SIs)
AFE3EE =2 Al9F2 HNOs(Merck, Germany), HCIO,
(Merck, Germany), HF(Merck,Germany)°]™, & 239
AL83E AJ2ke ACS(American Chemical Society) 55°|t}.
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22.1. AF MgO 718k 13kA] A3

A HAZ PCE thAIste] Mgo9t &£3F 7Fs3F binder
AAHEL7] $8k] A}734d (self-hardening property)°] §1
FA®} BFSel limes F%iate] &4 243} vhe-&
Sxdl TAlo| P} 7HXAL YE CaO 63%, ALO;
23%, Si0, 5%2} FAKEE 3lkRAle]l 2 4 UAEE lime/
FA/BFS9] uli§HIE 243 tefst asiAlE A8t 1
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/35S 718N Table 19 Uehd nle} 22 tjedst
HigHale] astAle} S8 40%S] mAl FHES Eds)

of, A4 50mm, Z°] 100 mme] FAAE A=A
o, FU sfAle] Y FHES] Hx A oinl

Fo T - e - A
A A= ASAEE S 1 S HURBIH.
A WA AN HA FEE B2 lime/FA/BFS 113}

nke} o] 2:8-8:29]

Z9lES WA FHES AZ FAYM

HlE2 Egtelal FAFS

o
Z7g3lo] 29 Mo 75t asAlE

o Hlwal] 918l PCE UIZTOoE ARSSINoH, PC
o] A% 7% Aeg B F SlE T8 30%9] V]
Al FAES} E3st] A3t AL 23+ 1.5CY]
Aol A F8) =Tt

2.2.2. MgO 7|d+ a18A|9] 7] 537}

A" MgO 7]HF BHAIE o] g3le] nH FHES

A F AT 2 BUGES S, A%
3 b} EAalA 47 50mm, Qo] 100 mme] FA

AN AZ3R] A8 WA MO 715 askAle]
7] ¥ RS Slsl HF 2090 FEo] 40%81 H
AEd] MgO 71H IBHAIE 30% EF8I] AR T
3, 7, 14, 28, 180, 3659 &< FAAIFTH23 +1.5°C,
50~60 RH). I3pH2]d FAES] 3 2 5 54
PP B ZA3BIQL PC, lime/FA/BES, MgO, PC/
MgO 3138HAl9} vlwsle. e oo 4 (1)S o1&
sle] Attt

. 37H(%) = (L — Lo) x 100%/L, 1
3ovusich. A 282 B9t PSR, 75} 282 SO i Lo 100k @
Table 1. Blending ratios of lime, fly ash and blast furnace slag. Water/binder = 0.4
Major contents (%)
Binder
CaO SlOz A1203
L% - FA¢3 - BFSq, 66.0 18.9 7.78
Los - FAga2 - BFSg;3 64.2 20.7 8.78
Los - FAg1 - BFSp4 67.7 19.1 8.24
Lime/FA/BFS Los - FAg; - BFSy;s 62.3 2255 9.78
Los - FAg> - BFSg4 58.8 242 10.3
Los - FAg - BFSg6 56.9 26.0 113
Loa - FAqy - BFSy; 51.5 29.5 12.9
a: Lime
Table 2. Experimental design for the selection of the optimal MgO-based binder
Mass (g)
Binder Water COI.ltent ofothe Binder dosage (%) Blending Ratio
fine sediment (%) Water Binder Sediment
PC 30 10, 20, 30 only 300 150 500
MgO + lime/FA/BFS* 50 10, 20, 30 2:8,4:6,6:4,8:2 500 150 500

zlLO.}'FA(]. 1 'BFSO.6

J. Soil & Groundwater Env. Vol. 18(1), p. 102~111, 2013



MgO 7|9t A18}AlE o]-8-8lef A2 3t S5

21 (1A L= A SAIAY Zolar, L2 5
SAAe] Aolo|t,

MgO 7Idt a8lAlY] F54% &F A7sS USEPA
method 13112] TCLP(Toxicity Characteristics Leaching
Procedure)= ©]-8-3f] H7899al, lime/FA/BFS, PCS}
Hlwalth. Aol AREE Al a8t 2] He] miA
A2l 3 F 1497 28U Aol AEO|H, 9mm
WES 7THES Fe 2 ol 83t AlEet
|ulE 1:209 vl&Z &334 end-over-end 1R}
30+ 2 ipmo = 18+2/\]7? 2t wwkslk & oj3lst
At 7= &= AlRS] pHZLE 5 oFdol”]
] CH;CH,O0HE ©]-83}] pH7} 2.88£0.05¢] H&=
= A 23 TCLP #2 415 o83 THUSEPA, 1990).

MgO 719t a1shAle] gHiedskse pH Wslel TGA/
DSC 415 53l ®7Isisint. pH WslkE S79317] 9150
A 7, 14, 28, 180, 2808A|S] AIEE 150 um ©]3}<]
YAE =S k) S, Asst dolere] gl
1: 7} HEs ERE F CoyE =oksolAl s |
Hste] S F<F wRksltt. aNlgk AlgE AR S
WS 7HE S 842] pHE SAste] §HlaEstoll
ol%t pH WslE RISt A 28YAt 3659742
AlE= 75 um oJake] AZS THAES dgE - TGA/
DSC #4415 Fall 449 Fotest ildsl=S FEst

EHH
_I_4

%.\e

]Oﬂ

—1

s‘é_&
[E mlo

3AHE Hol 36597H] FEAIZ] SAIA

ZA471E5 o83t SA8IATHYUL-OT,
Yeon Engineering, Korea). ¥=4dT =4 WHS
ASTM-C-109-90(Test Method for Compressive Strength
of Hydraulic Cement MortarsyS W53t}

A FAEY 5% §5(Cu, Cd Zn, Nije &3t
Ql HNOyHCIO/HFE °]&3sle FE3 §HS flame
atomic absorption spectrometry(AAnalyst 200, Perkin
Elmer, USA)E ©]&3dle] #4313 th TCLP FE5H&
coupled plasma mass spectroscopy(Elan
DRC-e, Perkin Elmer, USA)E ©|-83ly EXMsi9ct &
TEE BN FEARE ol&dlon, SEAIER
o] JiRAR= 5% oAt 49 AeA)e ASTH]
#3l NRC(National Research Council of Canada)®l] 4]
TU3 HHE BFEH PACS2E o83k IFES
=450 1 g 92~120% Alo|E VERdT).

HHAsE Brkslr] s AAIgE pH S48 pH A=

inductively

[‘[H

4 0 FAES] 1y Eids 54 105
1.0
07 day
0.8 m 28 day
& 06
£
8 04
=
0.2
0.0
RS
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LU SN %‘"\o %"e %J'd’
0» 0‘. S e,é 7 Ay Ay
AR TR TG S S
Binders

Fig. 1. Compressive strengths of various binder mixtures with
lime, fly ash and blast furnace slag. UCS: Unconfined Compressive
Strength, L: Lime, FA: Fly ash, BFS: Blast furnace slag.

(9157 BN model, Orion Res., USA)°| Z=2rE el
=7 7](Orion 4-star plus, Thermo Scientific, USA)E
RS & A5} GolFE 1:52 Esie] vRAIK
Lol =Y T 60 ool HAUt. eSS A
317] 913 TGA(TA Instruments SDT Q600, USA)S
0|83 TS AAISIATE AlEE 75 um ©ak= s}
o] 40 AMESITE TGAS] 2% s 2712 10/min
ol =4 P 800°C7HAl Atk N, ZollA E443)
For, 7k FEE 50 mL/min®] AT

=

3.1. MgO 7|4t nStx|| 7H%

Lime, FA, BFSE ol&3l nlA] FHES AYT 7
© HAA A= uEe £ g 538 Fohhax}
AAIgE AFe] AHE Fig. 16] YERIATE. PCe} fAlsH
3etzA)S 71 4 A== A|Z3F lime/FA/BFS £3F 11
SHAe] A HHbEo =R limeo] o] S7IESSE e
S BoH, limed] 3] 0.2~0.49] HISE 1@@4
Re AT 7S AEE Hole A o= JEith £
FoAME limee] o] 5—7}2&4«@ A7t G UrEM
HAE limeol] o3k 27] 2 EHo) o3 o=
ot Lime 3Rk &7} wi27] wjfe] Tzl

& pHol ERShTIA FAS) BFSS] 229 345} wkg
& AW gl 7 o) B AT, 42 293

¥ FAS} BFS7} ghiksol] e oo
o] Yo} 9Jx] A =} o8 ¥ L& 010}04 lime®]
-3 HEE BHEE 0.2~042 B9 =& pHE 7A
sPAX % FASH BFS7} F3likgol] et lime?t Ca-
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Fig. 2. Long-term compressive strength of the MgO-based
binder. UCS: Unconfined Compressive Strength, L: Lime, FA:
Fly ash, BFS: Blast furnace slag.

olZ <&l mAlE=

Al-Si gel% 5] = =1
o] WAsh= Zs HAANA UFAEE TR A=

HAETH(Van Jaarsveld et al, 1998; Xu and Van
Deventer, 2002). 7P <73t A8 B 2L Lys-
FAo-BFSes°1™, 79 Z3%=7} 0.43 MPa, 28¥ =7}
0.71 MPaZ 7F4 & FeZ W9l L -FA 3-BFSy 2tt
28U AT} 4] =2 FoE Yt

Fig. 2= Fig. 19 23 5 #H#Ho= AA-E Los-FAp-
BFS, ol MgOZ 2:8-8:29] H&E &3 usAS
ulAE FA thE] 10, 20, 30%2 U3 F 3659 <k
HILE AuE Aot} AW o= 28U7A]
IEFOZ AL POV AUidoz =2 7
HHo 180Y¢ FEH= MgOgo-(Los-FAgi-BFSoe)os,
MgOOA'(LO.B'FAO.I'BFSO.6)0.6a MgOO.G'(LO.3'FA0.l'BFSO.G)OA
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asAP7E PC] AEE ZHshe A2 UERdth siA|
FAFl 10%] 7F$- 28Y71A]9] A=e= MgOE E31%H
8] F MgOgo-(Los-FAg1-BFSgg)es®] 1.16 MPazZ 7}
T <3l A=E Bylon) PCO 1.29 MPaRTh= St}
180 ©]F FEI= MgOo4-(Los-FA1-BFSoe)s°l 71
e s H3lom, 365Y Foll= 1.88 MPaZ PCY]
1.59 MPaXth =9kt a8kA| Q)] 20%2] H-Fol=
MgOg4-(Lo3-FAq1-BFSoe)os’F G 365Y Fll 2.75 MPa=
PCY] 238 MPaRth A Uelsth ashAl Fieo]
30%% ATE FYES S BAem, MgOg-(Los-
FA)1-BFSg6)0®] 4.09 MPaZ 3.70 MPaE ®.Ql PCE.T}
EUTE MgOo4-(Los-FA¢1-BFS6)os A 7HE w2
3EE Bl MgOgs-(Los-FAg1-BFSge). ISHAIETE 365

o Fo A5F L4209 =E AoE e
FA7RE st 5= S A= bls

7R sl
EETKYE Aol BAREE A3 fAF o3
© 2 (pseudo-second-order reaction) & ¥ HEE ZOo=Z
Uebtth ol& Sl skAl FUAFo]l 10%d

ko

KR
o o

0%E FURS A97E MeEET} WE AL & 4 9
Ak, 7P S5 Wk HEE WY AL pColH, F9)

ZF 30%Y A$ Kgkol 0.00240 hr'Z YeRgT) thao
2 WE WS B A& Me0o9] o] AL MgOy.-
(Los-FAq1-BFSo6)os IBFAI O, T 30%Y 785 K
#tel 0.00212 hr'Z YeRth 7P =1 -5 Bl o
sHAlE Mgo9] o] 7 W2 MgOgs-(Los-FAg-
BFS) )01 2™, TU%F 30%Y 749 K %ol 0.000911
hr'2 MgOg2-(Lo3-FAg1-BFSy)os0l ISl 28l o) =%
Aoz Uehdth Mg0®] Fdo] BeGs whg v}
g 9218 PCo} lime/FA/BFSETE Mg0O2] G317}
=2]7] wjiE Ao FHATHGao et al.,, 2008).
ARH O R MgOE S asiAle] 75 pColl HIs|
diF g WhgLwrE =Rl el Mg0o] SIS
o] AH3t A= AdE= MgOq2-(Lo3-FAo.1-BFSo6)o.s,
MgOg.4-(Lo3-FA¢1-BFSo6)os,  M20g.6-(Lo3-FAo.1-BFSq6)o4
o] 745 ArHoZ= PCEU; 9735 Aes BY 4 9l
£ Ao vt oled 92 Meos] S8l ol
AT MeOH)S] BF SHOE <sje] s nlA
F=9] e a9} lime/FA/BFS 118HA|2] pozzolan &
A3} 9k3-3PHA Magnesium-Silicate-Hydrates(M-S-H)A|
545 F49E TheAel ®7] WELE dAddHt
(Wunder et al., 2001; Gao et al, 2008; Liska and
Al-Tabbaa, 2008). TIE0] Mg02] B3} wkgof <3|
A ARE MgCOs9F 28 FEE U3 vjA] 129 7

(=)
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Fig. 3. Expansion characteristics of the sediments treated with various binders.

= 3 73S Ao IAETH (Mo and Panesar,
2012). ¥ AollM= 7] Aol A5 Mg02] gkeds)
of &gt CO, AeS IHT ¢ M09t Los-FAg-
BFS)2] &3 Bl80] 4:6-6:4 A7t 7 9531 A%
S BY F & Aoz FAIFHO] MgOys-(Los-FAg-
BFSg6)os LSS MgO 718k a1skAl2 47g3}3ict.

3.2. O8HX2| 2l EMEo| WE S

Rk MgO 718F T3AS 30% FHsI] vjA] =4

= Aggt & 280 Bt W 54 Fig. 39 ol
gets)] Bttt B 54 vwE #I8] PC, lime/FA/
BFS, MgO, MgO/PC 1L3}A|E ©]&3}0t). Lime/FA/
BFS I8HAl= Fig. 1914 AAE Lj3-FA1-BFSe01™,
MgO/PCE 1:19] BHIERE &3 Blo|th PCo] ¢ &
A Z7) AEHoR FHur} sk @S HolH,
289A7F -0.071%% HH 55 Bt ¥h MgOo=
F180Y7HAIE WA WE &SR Ryt W3Sk
As B 7 AoH, 2808714 021%9] BFES HACH
Lime/FA/BFS J3A|E o] 83t A9 55w &3 7l
n|gk Ao g Yepdth Mgo/PCe] 75 1371 BHsh=
Mg09] §42=2 QI3 PCY TRl 45 S Hekst
= A%E B 2804 T Hd] 0.10%2] BFES
Btk MgO 71§k 384 JA] 533 ER A oF
kom, Aol 0.12%°] FFES HA olHst Avk=
st vk} o] E3E Mgort AEHoE F3le} g
2k} Wke-S s A" Mg(OH)SF MgCOy7 1l
Al F=5E AFEA s B AZ7) WiEe = v
oh A5t ] A9 23)H 7Ee WA A=E
A F ot B AFoM= Fig 29F 2ol A
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Fig. 4. Leaching of heavy metals from the sediments treated with the various binders.
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