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Red mudE 0|8%t 534 Cd ¥ Pbel &M 4
Removal Characteristics of Cd and Pb by Adsorption on Red Mud
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Yim, Soobin - Kim, Jaegon * Song, Hocheol

ABSTRACT : The objective of this study is to investigate the removal characteristics of cadmium(Cd) and lead(Pb) by adsorption
on red mud and to study the adsorption characteristics of Cd and Pb using red mud activated by acid treatment and calcination. The
adsorption of Cd and Pb on red mud was significantly achieved within lhour and equilibrated after 5 hours. The adsorption capacity
of Cd and Pb on red mud increased with increasing pH. The neutralization of red mud by distilled water or acid and the activation
of red mud by acid treatment or calcination decreased the adsorption capacity of Cd and Pb on red mud, suggesting that Cd and
Pb could be effectively eliminated by adsorption on red mud without any pretreatment or modification. Both Langmuir and Freundlich
models were successfully applied to describe the adsorption behavior of Cd and Pb on red mud. The ¢, of Langmuir adsorption
model and A, of Freundlich adsorption model were 5.230mg/g and 1.118mg/g for Cd and 22.222mg/g and 7.241mg/g for Pb,

respectively.
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Aol A= red mudE SEA|R o]&5fo] AMYFAY R ol FEE Cdat Pbe] FREAS whofsiaL
AA ] A o2 2HY5HE red mude]l o3k Cde} Pbo] Sad S&5Y HStE dobi ik k¢ich Red mudo] tfgh
Cdx}t PbO] F22 HREAIZE 304 ool thiait HAsEl o, SAIRE A3 Sol= B el E‘:‘APL © g2 et pH7t
F71% red mudoll et Cd W Pbo] FaRe E715H A0 Lok Red mudS S5 5 AR £3 AL A
T o AR S 2 A3 Aejd A9 Cdet Pbol o3t red mude] S22 23] Qﬁé Aog YERF O E red mud
£ o83k Cd¢} Pbe] FRAA= 7HEoHA] 2 ¥ AEH9 red mudE ©]8dk= Aol ARl Ao R atotE|¢irt. Red mudof
5t Cde} Pbo] S2A %52 Langmuir ¥ Freundlich 5252t dlof & 2k A2 5]¢] o Red mud T2HA|of thgt Langmuir 52

2H2]9] ¢, 1} Freundlich 525249 K, A3k Cdoll diste] Z17F 5.230mg/ge} 1.118mg/go] Sl om Pboll tidfjAl= 22t
mglgst 7241mgle®] S L .
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1. AN E & o] FE), 53] red muds AFJEANER O WHAYE
7] wiZof Akl S5 Z 2ol red mud7h 2§
Red mud= HIAO|E F=o|4] dFulEs Aldshs 2 2 A AvE- 18 gl a5 FRAE MEE 5 Qs
Aol A WA == /}_P%.*l?‘—ﬂ-%i/\i Fe,0:9} 2+ iron oxide Ao g wetEch shA|RE red mud AFYFARE S o] 83
o] A7}t =om AT A AFLE= NaOH2| < chife Sa4e] AlA ] BEE S A= v AR o]
go g Jrezte)s %%Ps}% EAS 71231 9JtiParamguru ], ofof thet A= tiFE sl AFAREel st A
5, 2005). 3t red mud= hematite, maghemite, gibbsite, 7h 3= o] fitk
boehmite, quartz 5 T}oFsl €} 2] mineral S &3kl 9L Zouboulis 5(1993)2 red mudE Nio] S2HA |2 o]-&F
o] &t mineral 5 717] THE pHpcZ 7HAIT 7] wo S Irks TS ARSI, T 5 Apak 5(1998)0)
2= o Aro] QAT pHolA A& T2 e HslE 712 Cu, Cd¥} Pb7} red mudo]] a3}d o2 T2 AAE 4= it}
2= 9l AL 712 ek o] 3t red mude] EALS Cd, = AMAS 95T Gupta 5(2001)3 Erdem $4(2004)2-
Pb, Cu, As 5 ThoFsl 23428 3h9381a gl AMJZAM) Pbe} Crof| tfste] L9314 red mudE AF-8-3+] red mud7t
9] Aol red mud7} B FAAR 0]89 754 AT FAAYE Belskgl o, Vaclavikova 5(2005)
1) blgld, S=2RNENAARE NE TS24
2) HISIY, MZBtstn SH0UXISE st
T 3@, 24UE W SE38 0 TW2(E-mail © ysb9643@ks.ac.kr)



2 red mudZ Cd, Zn, Cu, Pb 34 AJA0]| 0|83+ A}
Cde} Znofl tfsl] =2 S22 9= o ASth= AMS &
Q15F4 T} Altundogan 5(2000)3} Bertocchi 5(2006)2 red
mudS o]-83F As(IDT As(V)e] F2HARoA 243 pH
FefollAl As(} As(V)oll that red mud®] F2Hso] -5
2 Aoz wus Aok FUelAE U ALAEO| red
mudo] ofak 534 Aol et 7|2 ATE St v} 9]
tHHl A S 5, 1998; Han 5, 2000; 7o|Ef &, 2003).
FtH 2 2ol red mud?] AHAE] 38 44
o red mud®] Su& S22 A= dE0] B
AFASol ofsff == @A =3 Foll Utk Gupta}
Sharma(2002)2] ¢1to] 2JstH H,0,2 A2 & 500CofAl
2/4A17] red mudE of-§sko] AT A}, 2A45HA]
red mudZ: o} 45t 91T} Cds} Zno] FARS0| o Sl
= 27E 92 Aor BIE Qlt) Altundogan 5(2000)
2 As(I) I} As(V) 9] red mud®] EHGZ| gt ol5tof A
AAe|2 TAFE red mudo]l YA Ase] BESS 27
sttt 43 Wil al, Geng—Fuhnnan 5(2004)2 wot
22 2315 red mud(Bauxsol ™)E 0|23t As(IIN) 2} As(V)
O] FAFAToA Ak P9} A3 2] 2 B35 red mud7}
ASIIDSE AS(V)®] B35 SFbAZcH At wasty
t}. Erdem 5(2004)= red mudof tfjsle] 444 *8E 3=
o] A7} AlgtE o) 7= ARt Cr(VD) 2| F2ks0] 571
stelrhe AFIE UIEE SR olehs vtz ALz}
NS BHS) 9512 FREY BASES A5
th= A A R E 3 Qlt) Apak 5(1998)-2 red
mud 20% HCl A 2]el 600C A4 vz 3hy
3E red mudE o83t T4 SERMAFA AbAE|eF &
AP P B red mude] SEASALS AAROM ©
5| A4S SHA] 92 A red mudoflA] FAHEo] H
FT = A HojFal QIQlt). Santona 5(2006)-
*1—5(%?451 red mud?} )= 2] % red mudS YA S = Pb, Cd,
n F40) FAEAo] tiste] ZAHRIE, HOLZ A1
2%l red mud= S5H F2H5E0] of 30% HE A=
AWE Husiglek olgt 7|&Y dFAES 9l =
O ALQIRAE R AAE red mud AHe] Belsield &
4% red mud®] 245}t WHof wel red mudof o3t S+
&0 F2HA|A B0l AA HakE Jom Aq4tE7] i
of, oA RAE AL Q1= red mudQ] E2]5}eH2] EAT)

H 1. E2HZ 0|2 red mud9| 3t5tME EMZn
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LA 5} WOl whE red mud Q] a4
39t 3k AFLe oS Qu] Q)& AoR ¥
Al 2 Aol oA AtdFARE =
udS S22 o] &sko] AAITAMSY] U
Cﬂ Cd3} Pbo] EHEAL ujotslal, thol
Ag] WA o2 SHY5hE red mudol 9]t Cde}
S50 waks ot shglch
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2.1 Hg
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2 Ao AMEE red mude 32 dlEgdols B
AR C(F)= o83k, red mud] A& &
XS QJ8te] X-Al &334 7] (X-Ray Fluorescence Analyzer)
(PW2400, PHILIPS)Z o] &35t} ¥ 1-& XRFE o] 85}o]
9o red mude] SFEITAAES Lrehl T glek. 242w}
red mud®] FAAAE-L Fe,0; > ALOs > Si0; > TiO, > CaO
> Na,O <02 Fey03, ALOs7} AA| 9] S92 60% o]4f
o 2|8H= Ao @ Uehgdth Red mudo] ©)at 224 Cd
2} Pbo] SIS =38} ¢J3le] CdCl-2.5H,08} PbCl,
(Junsei, Japan) oFF-2 ARgSto] AP ZA 0 oA 5%

cde} Pbo] SEE 2Ast] A18silt.

2.1.1 Red mud?| &43HNeutralization)

Red mud®] 79 &7he] fadS ohe s23kstar g7
wzoll &odol A pHe 11~12 olfer F7kshA =
ok pH7} 110]/9] =2 AHjollA= Sa5o] 47|19 2
st Me(OH), Fej 2 YA st= HANkgo] 32 Hhgo]
HEE red mud] Su5 FASAES oty QA=
red mudof] tigt 3l o] = a3tk Red mud] ZEP‘
ZE2o) ALS o] ot 2744 WHA o & AElr). 28
25 o] 83 23A gl 274 1L 30~40g2] red mud=
KolA 3087 £35t L 1A|7F SoF AA 7= WAl o=,
T8 pH7} 8.5~9.00] & wj7}A] AlA 1} A TS vhE
agstinh 4hE o83t SIA RS SRS 1L red
mud 30~40gS £J3F & IM HCIZ ]85} red mud <]
o] RS AR EEAYE TR AFYES

o} oA EHS4 W A 23X o7 2351E red mud=

Components Fe;0s AlLOs SiO,

TiO, CaO Na,O Others

Content(%) 413 21.8 9.9

7.7 7.0 6.7 5.6

40 >> Red mudg 0[S Z34 Cd ¥ Pbol EXHH S



105°Coll 4] 24hr A %3 F), red mud 243 4L AX =
£ gk

2.1.2 Red mud?| &35 Activation)

Z2He red mudS tj o= 4HA 2o AR S
310 red mudS 243} AlZiTh AFAEl= 0.1 ~1.0M2] HCI
= o]&3dto] 4t red mud®] FS 4:19] HlgR s}
2A17F E<F hot plate oA Eo|HA HHAJHTE 0.1~
1.0M HCl° o]-g3sto] ArAE|E red mud= EFSE AL
sto] el Mg 5 105CoflA] 24hr AR 7 ARESE
th A TS L% 200, 400, 600, 800°COA red mudS
2AE 5 A7 R A AAJATA ARBSEL e, AFA 2] red
mud= FFGE ARSSte] =2k A2 $ 105 C oA 24hr
Ax3t 5§ ARSIt 24k o] kR red mud=
ASTM EZA|(#2004] T2k, #3004 & AREste] A&

>.

Red mudo] I3t T4 CdeF Pbo| FAHIAES
Sfstel AWHAO] A FF4 CashPo2| =S 24

3 50mL polystyrene tubeo]] red mud S&HA| 5=/} Z42F
0.1~10%7} & &= = =<4 8ol 40mLoj &Stk oF
9] red mudE =43t TE 52HE red mude] 9ol = pH
o] W37} o= Q7] wiiEel 4783t pHE FAIAI717] 9
&}o] Acetic acid-Sodium acetate 2-Z=8H-2 AR5} of
HIEAL 9158000 pKav} 4724 pH 4~7.5 W9]e] A0
o §31910m] OPHIEA} SEBOL 0.1~0.5M = Hlo]
A Az 9 o] gst3ich FazollA 25 CAEIR 54
7k B3 150rpme] &2 shakingdt ¢ YAEE7]E &
sho] Tzl 3 AGoRE R3es)
filterE ARE-SHe] oJ1}gE & ICP-AES(Optima2100DV, Perkin
Elmer)2 A3} th

Red mud Swlo] §28 FR4EE ohg 4] ()7} 2ol

At

&
ol
o)
N

O, 0.45/m membrane

(mglg), C,= vliﬂ 27l s (mgl), C. = BFSH
Aol TE SEmgl), Vi §e19] FU(L), me red mud
FHA0) AHe)S Uehdicy

2.2.2 & kinetic A

Azl whE red mudo] 2]t Cde} Pbo] &2k751) &2+
HEFHAZS Totstr] 9]8te] red mudS ARE-3Ho] pH 5.0
Aol A 24hr7bA] B2} kinetic AES 5=3sHeit). 354
-$-%0] & 40mL 2] 8L red mud 2%Z 715}, 7}
|7kl w2 Cdt Pbo] Hiees S

RN oﬁ
N

S~

Red mudo]] st dfl} bo] Z2f 43— oﬂ/d 3}7) 1_]0}01
BRAH A &

Freundlich 5238242 0]-&35}] 5‘@.3}9\15}.

2.3.1 Langmuir S2&%H4

Langmuir 5-&-52H42 219 2o S22 Hehd
o] AME-EE Ao Z A Langmuir 55242 of3 4] (2)
o} o] ®¥o| 7Hs3lt)

_ dm KLC€’
“= 1T+ K, C.

N

71A g (mg/g) : FF JENAM ] FHA TALTT
e FAe A q,(mgle) - a0l A &
, C(mg/l) : F2HA0] §N) B 5k, K (Lmg) :

Aol gt F2 ol Hstes Uetlis BPg2A S

mloiz D oy

Dol g

i

A1 (2)0] YRt 9l Langmuir S2A414: K, 9} ¢, < A
@A HFE 4 3ol Axd 4= Uk
C. 1 C,
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2.3.2 Freundlich S&
Freundlich 52528 5217] 9]
Hol| A dojdrh= 71 st Al
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o714 g (mglg) : BN FAA 9D T
28 BAUY WY, O, (mgll) : GARIH] 5T ol
o BYBE, Kmgp)d ne FTHAA Hf FHBY 2
2} o A]o] 25l Freundlich 374

Elol

Freundlich &&A|4> K (mg/g)3} n 4]
2 (5)ollA AxkE 4= Uk
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1
log g, = log K+ o log C, ®)

3. MUEL W O

3.1 SZ Kinetic A&

A7Fo] w2 red mudol] ©]gt Cde} Pbe] S2bAEa}t &2t
PAZFS 7}otslr] 915ke] red mudS ARE-Ske] pH 5.02)
Ao A 24hr7}A] kinetic S =35tk 18 12 A]
o T2 red mudol i3t Cdo} Pbe] F271%5S e
Ao 2 Cde] 79 1A17E o]of] 80% ©]/Fe] Cd7F &2t
39 1A1ZE o|foll 95% ©]4e] Pb7} red
Aoz wpotw|Qlt CdeF Pb W5 HF

L gy =gdt Aoz vehdth
S Cde} Pbo| 3EA] FRAH-S WRSAITRS Shr 7]

2

>.

(SN OEL
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3.2 Cd1t Pb2| red mud E&t0f| O|X|= pHS| A&t

Red mudol] tgt Cde} Pbe] F2tof| u]x|i= pHO| 3k
orobstz] 918te] red mudE S 2 pHoll @& Cdet Pb
ZFE40] 250 HslE xAlelgTh A% o] pH HY)
= Cd¢} Pb Fao] A9 Aitste] AR do
714 =& pHE Cde} Pbell thste] 212} pH 7.59} pH 6.0
olstz 27g3stlcy. 19 2+ pHO| W red mudof gt
Cd¢} Pbo] S2AIA AHARE vepd Aol

% 294 B0l Cde} Pb a4l tishe] B pHY}
7kl weh F2be(a.) e SV AbdE E0E 4= Q)
et 53] kg0l dojubA] k= pH H9I(Cd : pH 8.0
oJ3f, Pb : pH 6.0 °[5hollA] red mud9] TH<2] F216(q,)
2 Cde} Pbol| thall pH 7.249} pH 5.839] A4 k2t 4.3

300
-+ Cd

250 | & Pb
200 &

150 A

100 A

SZLMI\_.“—Ht . ——

0 5 10 15 20 25

Concentration (mg/L)

Lapsed Tiem (hrs)

3 1. AlZtoll IE Cdyt Pbe| EEAHS

42 Red mudg 0|28t 534 Cd ¥ Pbol ExM|AH §M

mg/g? 14.9mg/gel Aoz iy

2 AR G g

S

@ pH7F ARt Z7d g pH 5.8 &
st Cd F2H53) Pb H2%
1.7mg/g 3} 14.9mg/g#E/\1 Pbol| th3} red mud2] S2}¢
CARTh T ATk A Bhelsk 2= 9o}, w3
7holl tiet E2ks(q.) el Wste] £ Pb7l CdHry & A
= yepgdth oA red mude] 9|3t F 5<% Cdet Pbojl
gt &2s2] 2717k Pb > Cdo] o2 yEhdt Ze Pb94
Tobe ztol 2o Hhgo] thE Fa&i 27| wEe] F2
AAZF B ol AR Aeg HrkE.
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Hxa| g4a st dio oE Cd A
b M7 &Y

ot A WAa 28t Ao wE
5}04 Cdel Pbe| S5 AIASES s
Holl ARE-H red mud+= 53} AA 2 24

= 20419 AE AA AU Aol
AHE-E red mude] i3t F3 A 2= red mudo] sl A
A& sHA 2 wHA e WA, SRFE 08T TR
3 AR A, IMO] HCLE ©o]-83t AF F3} 324
& 37HA A= el AAESIT Ak S35 A AEH
red mude]] thalA= E/33eA] o2 ujgAds) ), Ao
A3 A FAJE uRA AT E R Agi]-f‘f_} 5\_*31 Sk}
Al & 3712] WAl o 2 Ui=o] red mudE
Cde} Pbof tiste] zFzF 0.5M3} 0.1M 2] Acetic acid-Sodium
acetate HE8ME 0| L351¥ O pHe= 558 7|&02 X
453, pH 55014 += Pbe] F2Hso] Cdirt & o=

@
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H 2, 3} T2 dalet st WAl ME F34 MAME 2
Red mud Species
Cd Pb
%: 245 HeE pH = AALE +25(q.) 925 pH = AARE +25(q.)
ARz (mg/L) (%) (mg/g) (mg/L) (%) (mg/g)
RM 5.75 714 35.1 1.29 5.57 8.4 91.6 18.32
NP RM. 5.54 84.6 23.1 0.85 5.40 37.3 62.7 12.54
RM. 5.74 84.6 23.1 0.85 5.49 41.6 58.4 11.68
RM 5.53 71.3 29.7 1.09 5.41 254 74.6 14.92
DP RM, 5.42 89.6 18.5 0.68 5.29 47.4 52.6 10.52
RM. 5.56 103.1 6.3 0.23 5.39 354 64.6 12.92
RM 5.53 85.9 21.9 0.80 5.38 49.1 50.9 10.18
AP RM, 5.54 93.7 14.8 0.54 5.30 61.8 38.2 7.64
RM, 5.57 99.1 9.9 0.36 5.38 51.2 48.8 9.76
NP(No Pretreatment) : u|Z#2] #-4], DP(Distilled water-Pretreament) : 5 0|83t £33} AA T B4, AP(Acid Pretreatment) : 1M HCI& |83t %3}
A g WA, RM : u]243} red mud, RM, : 0.25M HCI o] £3}¢] %“éﬂ red mud, RMc : 700°C o 4] A4 A g](calcination treatment)d}o] EAJ3HE red

mud

HpAjt 2Hgeh walel mhe

>

Zo

1
red mudo]| EH@P CdA
ot A |

=

1 o] red mud E—;'%WIQJ &= Cdet Pbol| o
< 5% dA
Xﬂﬂ%“é 235 HERd

5z}

=102

A e el &gt red mud €]

oz 7R & S 29tk
3} AA 2] WAlol 213t red mude] Cd gzk
mg/g} 0.80mg/g = LERiTh AypA e

o 2 red mude] 23t Cdo 67\1.594 =7
(NP) >

=z
o

EO 2 UERIT:

17 30014 At iAol ©JRt red mudef] digt Cdof &

9. (mg/g)

o

o
8-
2~

=

=7
Sua=

=
o T

5
= 1 0
=

i AE

;‘d—‘_—{ q,

§ 32 Fo AR Aot B4 Al ola) A
‘5 Lhebdl Zlojch 1 304

A
Ao w2 Cdol| th3} red mude] F2H52
H] wato] R, %fi]‘é— flsto] o

a12] oko o

e Ry

.

<%k AA2|(DP) > 4k FoF A A 2|(AP)S]

o] 1.29mg/g

1.4

1.2

0.8

0.6

0.4 4

0.2 4

a8 3. 58

RM

RMa

RMc

RM

RMa

mNP
mDP
OAP

RMc RM

RMa

Pretreatment & Activation Methods

A2 QAo st Walo IE Cdel E&s

2 Bl A, 3714 F3F AP Ao sl 2
12 3He red mudRM)7}F 78 & Cd &2F5(q,)E 7HA
A Qe Aoz yepich md A 2] E red mud(NP)o]| o5
A A 248 HARM) Y 243 E] 243 WA
(RMo)o] A9 LT F2e(q.)= 2 vHd, S/ AA]
2 A|(DP) I} AF A2 A(AP) o= F-51e red mud= 4k
A1 S ST et mdRM)} 3 )
ukalof 9%t red mud(RMo) 2Tt o & S35(q. )2 EXTh
Aoz 23} jbAof whE red mudoﬂ oJgt Cdol &2t
5o = Be FoF AAE Aol thsiA mjedst
(RM) > AbA]2] Z/dsHRM,) > &/ 7] 2] /43HRM) 9| =
O = eyt

27 4 3} A2 waje} St ) ofs)
red mudol] That Pbe] FE5-2 LR Aoleh. 18 dofA
ot A Ao wE Pbofl tht red mud®] F2Hs=
v ste] HH mjda]e] WAl oJ%t red mudoflA 7HY 2

20

18 | H NP
16 | mDP
mAP
14
oo 12
o
g 101
s
6 |
4 |
2 |
O A
RM  RMa RMc RM RMa RMc RM  RMa RMc
Pretreatment & Activation Methods
O 4, B3 HHE YA 245 A0l B2 PO B2

o

I eedSaE =2 H123 M2 43



Pb F2H5(
FA)at
1—7_]—

5(q.) 18.32mg/gs Hlom FiRG 3 A
A F2t 2] Ao oJet red mud®] Pb S22
14.92mg/g®} 10.18mg/g 0.2 LrEldt} Aulzog =
sk 2] WAl ol whE red mudoll &Jgt PbO| F250] A7)=
1A 2I(NP) > 75 53 A4 2(DP) > 4t 53t AA
(AP)9] o2 UEhTh

T1E 4ollA] B3} Ao O3t red mud®] Pbo] A5
H Aol A 3714 A 2] 4l o= 7 H red mude] o
off 27 2/J3HE red mud(RM,, RMo)Ht} 0|23} red
mudRM)7} & 2 F25(g,)e YERRH mId 32 red
mud(NP)of| thafjAl= /g2 2] /93t WHAI(RMe)o] A4 2
2% HARM)EE F2s(g, )0l B 2 A o2 YERA|
F RhHo| S73DP) Y AHAP)2. 2 2|5 red mudof A
A]—;‘qa] A3} HRA(RM,)o| A4 7] A3 JHHAI(RM,)
Hr} 2 2(g 1S BYh ARA o B3l do] uf
£ red mud°ﬂ O3t Pbo] 259 Z7]= wHA 2 H red
mude] tisiA= mZSHRM) > /g #]2] S4JSHRM.) >

OE

N

o

¢

l‘]l‘

gt Cdet Pboll tigh 250l
Santona 5(2006)¢| ¥F3E35} re

o] FH5L AATh:

\_.O

Apak 5(1998)

0] 20% HCIE A 2] =12 600C 242 2] % red mude] o]
g FEE SR *PHEM é 2] W R red
mud®] F2-59S AstAIF T AtAntet dAskar gl
e} A3 ol 4] red mud?] *WE’% EWQOH olsl 25
o] Fadhe AL FFEY Fasol & FFE v é # P
= cancrinite A4JE-0]U} zeolite2] AEo] AbxE|o] A ZA

52 gAY B2 2= st dERE ‘EFOHQ}]
U mineral 27} P E Q7] Wl Aoz ATHE) st
AHE AE AELAE(Gupta 5, 2001; Altundogan 5, 2000;
Geng-Fuhrman 5, 2004)2 24J3}HE red mudE ©|-&3F =
=5 AAAYNA red mudE HCIZ AHAE] 52 240%]2
off thet red mud®| F2Hso] F7ketth= 2

T AO Za4

o BT vES
Y5 Barskal gl o9 Zo] red mudof ek E/4srt
R4 BAS PPAIIAL ARATIE YFOR AR A

A E] BAIBHRM,) Q] 420|913l ZEos} AFo 2 A ek ofgt A7} AofA|= o= =7HE F2 A9E ¢RE
red mudo] sl H]EABHRM) > AFA 2] SISHRM,) AR5 2] 5ol Bauxite AFA 9] A9 2fo]= ¢ls}o]
719 33} 719 40 L]—E]-b]— 3} A7 9T S} v TE7F hE7] e ’izia] 2hgsto] whe} red mudA T+
Ao] ©JF red mud®] Cdz} Pho]l gt E2H50] AEATE BAselt Fart SRS el viAl= dael M2 B2
=3, 23} A= x%—-jf— 3O AL o] g5l v R Al Y= Aoz ek ofof tigh d4te 3 A54
£ AHEE S e YA red mud o] gz o] O OIFOIE Ml sles Anss.
4 Cde} Pbo] g&: ol maHQl Ao ey
on A3} HAAE red mudS AU 2432 3§ 3.4 2yst MAE| Sk H AYgX2| 220 MHE Cd
o al ppo| ExtH|H EN
7| e 94pelo] red mud7l F-24 Cde} Pbol djsh E2 = =554 5<
AA 7g SHAE anrt & Jog spolE it u} 3.4.1 EM3} M2 s=0f 2 Cd L Pbe| S|/
A red mudg o] §3te] FE40] FAAAS & A9 F5} =%
el u BAst 5 e U AR red mudE o] S5k BAEHE 918 red mud AFH ] WAjo] wFE Cd % Pb %
Aol Fd4; Cdo} Pbo| FAAAN g BT Aoz Fho FAA B4 setely] ekl Al HOI B
Azt o W Cdo} Pbol rw red mud®] 2 AEL S5
ehH, S8} A Ak Z/ds) WA ol ©J3t red mudo]] Ak Cdot Pbo] F2HIE pH 2712 242F 6,51} 5.50]%1 2
B 3. 43I 98t MX2| HCI sk m2 534 S A8zt
Species
Acid Activation Cd(pH 6.5) Pb(pH 5.5)
™) wo s pH FE AAEE 50 | ey oy FE AAEE F25(q,)
(mg/L) (%) (mg/g) (mg/L) (%) (mg/g)
NA 7.00 63.2 36.8 3.7 5.55 8.4 91.6 183
0.10 6.88 93.0 24.6 3.0 542 30.5 69.6 13.9
0.25 6.74 104.9 15.0 19 534 40.4 59.6 119
0.50 6.58 108.9 11.8 15 5.27 427 573 11.5
1.00 6.35 120.8 2.1 0.3 5.17 67.8 323 6.5
NA : No Activation(H|Z43H % red mud
44 Red mudE 0|83 3% Cd ¥ Pbo| S2HAH M



u BAAY L A7 Lo%sh 05%ITh 3 3e BT FAAA WA e Aol 19 62 247 245
= 93k AbAJe] HOI 0] uh2 Cdoh Pbe] H2HAA A% 24Ae] Lxo) mhE Cdoh Pbe] FaHse] wate Lrehdl
éﬂé UERd Zlolal I8 5= Su< Cd 3 Pboj| dis) Zoth
Cl ‘g=rigtol| w2 B/dohd red mud®| F2Hs2 Ul I 6914 E3%ol, red mude] BISHE 97t 49 A2
ﬂom. 7} B9HE Cdol That red mude) BAS-S Hadhs
29 5o 2ol red mude] SAIBHE I8 AR HOL A1 o 4= 9lek ek £4R Sl whE Poo] ER
9] &t =24E Cdof| gt red mudQ] S35 1A} o Cde] Ao} upA R 24T Lxv) Zrlaes
AL o 4 ook BAS A Swo] WE Pbo) X IS red mudo] of Pbo) FAHE Fashe Aow
50 Cdo) 490 iHFE ARe HOle) vk 37 stelEelch g 6] AT AR ghe wAe
5 B/dehd red mudo] 9|3t Pbe| FAME2 fradhe A red mud”7} Cdet Pbol| tfsff 7 =2 F2e< Holal 3l
o2 upoE|Qint. 117 59 A@A, HCl At = njA)g the AHFS &E 4 A3tk 53] 800C 2rm=x7dofA
red mud7} Cdo} Pboll sl 7 =& F2sS Holil Q) Cde} Pbo g_f;% a7t ZAS| Hgske Ao Uehyt
thz ARE Bla 4 At e, o S0C &=l Ca 5 Pos) Fkoh el 3

3.4.2 #45t ANKal 20| B2 Cd Y Pbo| E2HH 7] el o e,

7 84

Red mud 24315 93t 2472 4] 42 34 & 3.5 Red mudoi| CHEt Cd U Pbo| S5 £
HAA 545 wtetehr] skl @St 22k wE 3 o oo
Cde} Pbof| i3t red mud2] F2Hs A3S 5351%ith Cd m%}jﬁ;ﬁ . iuj;?o}oq ;j;?bji gi _:'j
DS ST pil T 000 a4 £V T N E%"EP;}EX} sttt pHe Cdﬂr Pbof tjsto] 7] : ;11
golon FAA 9] sEE 247 1.0%2} 0.5%0] ek & 4 o

503 zAFIG 0 2 R
WSS o5 4R A AALE] e cdef e o S 8o Ao red mud XA Cask Poof

20.0 200
180 1 H Pb 18.0 mPb
16.0 m 160 - |
14.0 - 140 |
120 | 3 120 -
(1] bo
£ 10.0 A S 10.0
& 80 | 3 80 |
6.0 6.0
40 - 40
20 - 20
00 00 -
No Activation 0.25M 1.0M No Activation 200°C 400°C 600°C 800°C
HCI concentration for acid activation Calcination temperature for thermal activation
12 5. Red mud #43} AX2| SZ0 2 Cdet Pbo| S35 Hst 12 6. Red mud &4t A¥HME| 2=0 M2 Cd2t Pbe| Eits Hst
B 4, 2M3IE S AdX2 20 IE 34 SN 4HEY
Species
Th
?@al cd Pb
Activation - — - —
©) e B pH s AAEE +25(q.) M F pH = AAzE +25(q.)
(mg/L) (%) (mg/g) (mg/L) (%) (mg/g)
NA 6.30 84.5 19.1 2.0 5.55 8.4 91.6 18.3
200 6.31 86.2 17.5 1.8 5.55 10.3 89.7 18.0
400 6.30 87.4 16.3 1.7 5.53 16.7 833 16.7
600 6.27 88.5 15.2 1.6 5.50 23.2 76.8 15.4
800 6.16 100.9 34 0.4 5.40 67.1 33.0 6.6

NA : No Activation(H]&43h

sax|waAasts] =28 M12A MTE >> 45



¥ 5. Red mudof| CHSt Cd & PbQ| Langmuir & Freundlich
S2EEAM| AU
segtud | B A4 Specle
Cd Pb

q,/(mg/g) 5230 22222

Langmuir K ,(L/mg) 0.051 0.256

R? 0.993 0.997

K Amg/g) 1.118 7.241

Freundlich n 3.458 3.858

R? 0.986 0.990

tisto] 242} 1.0%8} 0.5%E ARSI Cdet Pbo] 27]5
L= 200mg/L o|ske] ;9| oA AAs] 27 ske] /\F%B‘P
t}l SRR AL Langmuir 52327} Freundlich 525
A& S Rd R A8 o 2 EATE Langmuir

217} Freundlich 5-2-824]0] 1 85te] 2t male]

3t 5= Cdo} Pb Swr49] red mudo] EH??l AT
angmuir 5-252H4]3} Freundlich 5-2-3-2+4]o] -85}

= 2
ol AHgE AeE ARt Aotk

35
30
25 |
=
20
- °
~ 15
S
(]
10 |
°1 e
0 .
0 20 40 60 80 100 120 140 160 180
C. (mg/L)
(a) Langmuir S5t
08
0.7
__ 06
20
% 05
£
0.4 |
- °
@ 03
0.2
01
0
0.8 1.1 1.4 1.7 2 2.3
log C. (mg/L)

(b) Freundlich S2&%

=
&t

joh

a2 7. E&F| red mudof| i3t Ccdel 52

46 Red mudg 0|28t 534 Cd ¥ Pbol ExM|AH §M

3.5.1 Cdoj| Chst S=2 g:;u;;
2% 7(a) 9 (b= 2k} red mude] 2J3F Cdo] EXA%
.o

Langmuir 523224 9 Freundlich 525&d
=

ﬂ-l“"

g
o..

J-85F 1jzoltt. 1% 7(a) 2 7(b)ol| A EE0), re

Elov 2o
o

8
ZpAlofl o3l Langmuir 5-2&2}4] 3l Freundlich 3
F2] 9] AR AIGZH( R ?)o] ZH2F 0.9933) 0.986 0= UH—?—
211] o] Langmuir 52823} Freundlich 5235
W% red mud A gt Cdo] 5252 AsS

Bl 2 2Ju|skal Qlo) Red mudol i3t Cde] &2+
75 AR diel] F 2dl BF gt 284S UER
QJA|9t, Langmuir 5252+ o] Freundlich 5252}
2o 25 o 2 284S e Al 3 504
1520, red mud F2HAO] Higt S50 S-S Uil
Langmuir 5-25219] ¢,, 3} Freundlich 5232149 K
&S Cdoll tisto] 242t 5.230mg/g ) 1.118mg/gS LHEh
W3 glek

¢

w2yl

i ﬁ SR

=

3.5.2 Pb S22
1% 8(a) X 8(b)= 217} red mud SEFAof| thgt Pb 5
2:9] S5 Langmuir 5232 2@ 3} Freundlich 5
50

C./a(g/L)

0 20 40 60 80 100
C. (mg/L)

(a) Langmuir S25%

1.6

1.4 -

1.2

0.8

0.6

log g, (mg/g)

0.4 4

0.2 +

-0.5 0 0.5 1 1.5 2 25
log C, (mg/L)
(b) Freundlich S2&%t

J% 8. S&A red mudoi CHEt Pbo| S2E%



253 wdlof H83F Aotk S8 x40] A I 59
Zéﬁl }Oﬂﬂr Red mud Fﬂxﬂtﬂl o3 Pb 2240 £05 3t

%)
mudoﬂ EH@ Pb2o] g_zkﬂioﬂ i3} _’_)F?-& ey
I A9, Freundlich 5282 mg) o
ZF wdlo] red mudol tht Pbe] 5252 AlFAdto]
2 285 ck Red mud &2t
L Langmuir 5-23524]9] ¢ 3} Fr
SFEA K, ALIEE Pool dlaiiE 217 22222mge

9} 7.24Img/g& Holal Qglth

4. 83 E

Red mud® F2A| = o] 83k F34 Cd 9 Pbo] F2+
3k Z3h A2 @ B4 A2 red mudol] ot F
Cd 9 Pbo] H2% W] Wit A AT et 2

B A

0

(1) pH7} Z7F3H=5: red mudo]] gk Cdel Pb F542] &
22 7kl om ARk ZAAol8t 9931 pH 5.8
o| ] red mude]] gk Pb F2s0] Cd 2Rt A
LRt

(2) F3t AA 2] WAlol| whE red mudol] ©Jg Cd 2 Pbe]
250 271 PAAR(NP) > SRS 53 A
(DP) > Ak F3} AAE(AP)9] == UEgTth

() vAA ) E red mudE o R LA Ao whE
red mude] o3t F25-9] A7]= Cdofl a4 m2H
SHRM) > AbA] ] S/J3HRM,) > &4 2] E3HRM.)
O] <=0l Pboll thsfiAl= mIZ/ISHRM) > /g A 2]
ZJSHRM,) > A 2] ZY3HRM,) 9 =98] 7|2
EFRtTh

(4) Red mud®] B3} Abx]E] Emo} AA%
7}&4=5 red mude] gk Cd % Pbo] S5 Fas)
= Zes Yepylth

(5) Red mudE S&A| 2 o]g-sto] Cdet PbE AAT
3t A 2 g3t AHElehe AR AEE ’5}11 %-?
2 e red mudE o]-&3l= Ao] S5 Cde} Pb

= E— He adel aabAel Aew HLEP”E}.

(6) Red mudef o3t Cde} Pbo] T21A%-S Langmuir 52

S22 E 3} Freundlich ‘?,%-,ETZ}E‘?__J o) Z ALex
%o red mud gF2}Aof tht Langmuir 5-2-3-2H4] 2]
q,, 2} Freundlich 5-2-52419] K 44t Cdofl tist
of Z+z} 5.230mg/g2} 1.118mg/go] ) o1 Pbof th3A]
= 217y 22.222mg/g?}t 7.241mg/g o2 LFERGTE

10.

11.

12.

13.

14.

3%

o] =R2 2009 =X AAY ALY 7|3
3411)2] 2L wro} 2=

ol e, 19, %

A 2

AGAFA(11-
FE|gion] ofo] A=Yk,

A1 E

9€121(2003), Red mudE o] g3t &
& 9 EHAY FF AAEA, 2003 2A5)E7T] =
25, A sl E ke stE], pp. 73~77.

OAE, AAA98), 554 AR S5 AelE slat AU

o)A, ffglslE 355/ %/, Vol. 20, No. 4, pp. 543~556.

. Altundogan, H.S., Altundogan, S., Timen, F., Bildik, M.(2000),

Arsenic Removal from Aqueous Solutions by Adsorption on
Red Mud, Waste Management, Vol. 20, No. 8, pp. 761 ~767.

. Apak, R., Tutem, E., Jugul, M., Hizal, J.(1998), Heavy Metal

Cation Retention by Unconventional Sorbents (Red Muds and
Fly Ashes), Water Research, Vol. 32, pp. 430~440.

. Bertocchi, A.F., Ghiani, M., Peretti, R., Zucca, A.(2006), Red

Mud and Fly Ash for Remediation of Mine Sites Contaminated
with As, Cd, Cu, Pb and Zn, Journal of Hazardous Material,
Vol. 134, No. 2, pp. 112~119.

. Erdem, M., Altundogan, H.S., Tiimen, F.(2004), Removal of

Hexavalent Chromium by Using Heat-activated Bauxite, Minerals
Engineering, Vol. 17, No. 9/10, pp. 1045~1052.

. Geng-Fuhrman, H., Tjell, J.C., McConchie, D.(2004), Adsorption

of Arsenic from Water Using Activated Neutralized Red Mud,
Environmental Science & Technology, Vol. 38, No. 8, pp. 2428 ~
2434,

. Gupta, V.K., Sharma, S.(2002), Removal of Cadmium and Zinc

from Aqueous Solutions Using Red Mud, Environmental Science
& Technology, Vol. 36, No. 16, pp. 3612~3617.

. Gupta, V.K., Gupta, M., Sharma, S.(2001), Process Development

for the Removal of Lead and Chromium from Aqueous Solutions
Using Red Mud — an Aluminum Industry Waste, Water Research,
Vol. 35, No. 5, pp. 1125~1134.

Han, S.W., Kim, D.K., Hwang, 1.G., Bae, J.H.(2002), Develop-
ment of Pellet-type Adsorbents for Removal of Heavy Metal lons
from Aqueous Solutions Using Red Mud, Journal of Industrial
and Engineering Chemistry, Vol. 8, No. 2, pp. 120~125.
Paramguru, R.K., Rath, P.C., Misra, V.N.(2005), Trends in Red
Mud Utilization - A Review, Mineral Processing & Extractive
metallurgy review, Vol. 26, No. 1, pp. 1~29.

Santona, L., Castaldi, P., Melis, P.(2006), Evaluation of the
Interaction Mechanisms between Red Muds and Heavy Metals.
Journal of Hazardous Materials, Vol. 136, No. 2, pp. 324~329.
Vaclavikova, M., Misaelides, P., Gallios, G., Jakabsky, S., Hredzak,
S.(2005), Removal of Cadmium, Zinc, Copper and Lead by Red
Mud, an Iron Oxides Containing Hydrometallurgical Waste. Studies
in Surface Science and Catalysis. Vol. 155, pp. 517~525.
Zouboulis, AL, Kydros, K.A.(1993), Use of Red Mud for Toxic
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