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ABSTRACT : This study has been carried out in order to examine the precipitation characteristics of
Fe, Mn and Al ions in coal mine drainage before removing heavy metals by using the froth
flotation method. The removal rate of Fe(Ill), Mn(Il) and AI(I) within 1 h accounted for over
99% in pH 5.0, 10.0, and 6.0 ~9.0 respectively, and residual concentrations of which were under 1
mgL'l. When sodium oleate as a collector was added to the solution of Fe, Mn, and Al ions,
insoluble salts was not formed by the reaction of heavy metal and sodium oleate. So, we must
remove the metals from coal mine drainage by using not the ion flotation method, but the
precipitation flotation method

Key wonds : Flotation, Iron, Manganese, Aluminum, Coal Mine Drainage, Heavy Metal, Sodium Oleate

*WA A 2} hskim@kigam.re.kr

- 125 —



N E

T Aedde e0dd FHHEH
FH7AA FZ7F qF AL 22
A AL o)Fol &k 1 80
SEHE 7 AASHY 29 E &0
G TR oA v FHE AgdA 4
FY Hdh Jtx UFE oA HAT o
ZHA 19893 REl = A gt gel shabd ol o s
A= 348709 7+ &3 F Al flE 340
Mo &go] FHFxo dA= 8/ ©@Fnte] 7t
Fu 7 ATk FA AL, 2006). A= &
Fate 1500 A=Y H g3e ez A
g Adto] M2, 350 105HE o4 4H4
34 4> (acid mine drainage; AMD)7} A"
o5 W A AL, BAN £4
A, 4EE HEAT
= 5 34 74 9 E¥Y
g F7] Wi o)ds FAH
20063 =0 B g A ALY Tol
o A FHFHT U
TU oA Bl A dTFe £F5FH A
¥ (passive treatment)?! A Q37 A4
# 2 ¥ (active treatment)q) & - 3313 437
2 FEE £ . AdASHE AYAHo| 1
FAAA L ARSA G A HE
A, 333 of A 99 FawFE
ol HAAEE wEo AA
B o] AL o A8
FAY 7solth. 18y o]
o A7te FaEHAE &5t

o, WEEET} 2o AF

R

o i f K g

)y ¥

o, rlo

X

9

ot

a|

N 2L

St
(o3
N
g o

18 2% —
nl

°

N
=

d

>
N T of ot

Ap

Mr =2 e o >ijd XN

2 afo

2

ol
Ln

e e

T
o
oa g 2

o o e
= e

o

A2 ALgsty) wZol 7
Ado] EAHA EHH7}

1 ot ofd o 2 T o
2 ol o oo (S 2
£y

I

€A E AA ok v, 7 ¢de] 9 pHY

Aol Fa&ol A §FY & U= VA
seh.
$F 08 wdol ARl we} 7o) &

A E oldel gatuiert BAHIL old WE
of #d EAZE A dFE HAe=
C A Gt SR s @A
oAd, 49 B4, W+F, 7%, A
Fod Wg g 2HEY & 1LEd A=

At A2 71eef Aol Basith(H Y

o

< QUM RE FEAE Eof
aty]l Al AFE Ae=
AdRoz Fstr] s
of BAAA M WHO
3] AEstn S Th(Kitchener,
A wAsSE Heeg 7
g Agsty] o8 2@ dEg

7 &

Q.
=

ssolves air flotation, DAF)o] #HF4E 7]l&&
Hgote gt =3 RadEe 24 e, @
my A A HY o A, o4 AA, F

28 A8 g QgL 279 AA, AHE Fof
o) 2 AA, WA F71EY e @ AA, A

=~

gard A E¢EY AA, 3Y F29 A3
5 ddd 2ol AE&¥ 5 (Cundeva and
Stafilov, 1997; Kim et al., 1999; Roe, 1983).
I¥EE RERAdses FAT EokdA
G454 HE 2LFEAE AANE EEA ]
i, Agzy 4718 AA & ¢ A7) HE
W Il "a gld, F#AY 3488 14g
& 4 Qo =23 F25AE AAE FAHA A
£ A b go] e AHge AT U] o
o 4 A& & - AAAA AAsE=
ARG vig F FARLZ AL Yo (Matis,

1995; Parekh and Miller, 1999; Rubio, 1998;
Rubio et al., 1996; Voronin and Dibrov, 1999;
Zabel, 1992).

B AFdae FEHY EokollA #& #E

e B - AEs] g YwHoE AgHy
e BedEMos Peol Y F3
$E8 AAY BHoz WA A i)
N wol BHHo] LAL FUSE FAQ
4, %7, YRV ES YO F pH ¥ Eh, F3
%o ¥E, ABAL, ToA0) BE o] F B4



o HHEAL Folugit.

Al& HiEH

=2l od
Hg sl Mg BAHCE BAL
9 QRS A, U3, YFNFLE o) FL 4
go] 48 FaPE0] Aol 4y Fa)
ol Fagon AT Bepa £ ATolA

T AR s /AR AdE BE7) 9
3] Fex(SOu)s, MnSOu, Aly(SO):8l Al%FE A&
kel 20~100 mgL'e H, W3k, EFrlFel &
fre de FgE BEo ASsAT. pH
2244 2 AAAZ dF Ao FAAEF
(NaOH)& At&stlth FRAEA 2R A
48 94 L4 ALY EF(C7H;CO0Na)
FEEEHY FASAE LopEdT oY &
HAVIEFE AL AL o8] &AM
folatA ojdste] RF7)4E Foles UE
o o3, g4, 4384, 84 3 44 5
o HF FEoly AokE W A FE2o B
Ao Ad 202 4A 917 gEolt
diH oz T4 £33 SN =
3] 4(CaCO;), A4 3](Ca0), 44 3][Ca(OH)]
Tol AAAE AgET. 2y & ATYA
AAAZL FAFUEFS 8T offE 43
A AAAZ Aol FHE T35 2 F
Aol &3t Wbgate] g gAY v W
& AHE GA FH S8R BT wo}
Ax A 242 48Ess] 2wer] o
Zolth, =, A fo) TS 4F T
fHel A& Aede A4 dAVeRE E7E

ol olge HEY Wl BAL LD F

bt
=30 ¥

N

i)

e

o

o

e d, 47
20~100 mgL'e) A&
o] o FAJYEFS

pHAA 1 hollM 24 h &
I A" AXEs 44
Ao FHH FF&H o2
FEA71(AAS, Shumatz)Z £
W, AR EY sEE £4
b, GEuE FHES OFR 2
3, 280.5, 293.1 nm9] FA A Z}
= 98 /HAL HgAE A
AAAEE T3 dojd oA o

e

o

AT 2w e

oo
N
fr

=
o
ot
r

o ™
i1 A T N =M 4

B

4, 19 g
i
N

N,

NE
o5 Oh_l)'
-&ﬁ—‘
_zﬁm[m

T

. a

o
o
b

T
ol

b
8

L

7

i

B!
ofi

S

3
i

o 1
o Ay

~J
¥,

it
U o‘j

1

Hoap 9 O plo i oo rfn >
, 2
']Ilol’
J-‘O:_.
o 5L

RN
N
d

bt ol

a
4

IS

& o

o F4= @ Hustq T
&9 th. pHE OrionA pH 7|
, HEY dEE FNEY QU=
22 7)(Particle size analyser, Malvern Master-
sizer, England)& 2434 0.

ol ofy
o

c T a{ do
of

ol 1V A

ZRE A4 $H=E E 19 YA,

A o) A, FE&YAA 27k 37} H=
E2A% ¢ . Fe(n@l FAbsE
[Fe(OH),]3} EHASHE(FeCOs)s BAE 4
T olEY &F=E 47 033 mgl' 2 032
mgL' 2 AXEUT. 223 FE(FeS)E &
A3 AL 14 % 10* mgL'e] wf ¢ o &
T2 Rod. a8y Fe(llDe AF, g4+4
F3Ee PAsA F3, Fe(OHRE EFAY +
2Tt Fe(OH:E Fe(OHRET 4 e 1.1 x
10° mgl'el RS z17] ol Fabu] 5ol
Aol 27} HHl2 EAFY oS 37t 2 4
A7 T Fe(OHpE TES AAS = Zo) nt
FAYg Aow A4

Mn(IDo) ¢, F&dolr 485 ghatsl
E, 3852 &A% 4 Jdon, IR
gad MnCO; 2 EAE wo 7p3 v o
0233 mgL'e] § =& Heldh

AN FgAoA ol B3] gads FA
34 @1, 2 FARECR EActy 74
= [¢]

Ay

A LHE A
Agx oz A g3, dFAlF oL
SEZ FAAINE 4 o] EY &=
BARAYAA BAGF 7HAHY H Ee
o] ES $£4 713 10 mgl ' B} Y
of d, Wi, ¢Fvgs FldER
A AAsE ol Ahgs] BAn. wepA o
To AYPH= AHAPAAE pH 24 2 F
AAZ FASUEFNaOH)E AEstH<S o
A, ¥, &RuEY AAEAE Lotrdn.

(=3

e

ot
ra



295 - 7384 - ¢ F

oo 100 . 10

R ¢

L \ 5 50 S wl-

] H] K]

2 o 2 3

] \ 3 oo - e

g @ 5 5

£ 5 % £°

2 4 & 8 %0 12 M S S MR TR o2
pH pH
(a) Fe(llD) (b) Mn(II) (c) Al(IID)

Fig. 1. Concentration of residual iron, manganese, aluminum as a function of pH and reaction time
[Fe(II[), Mn(I1), AI(III) jon initial concentration : 100 mgL).
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Fig. 2. Concentration of residual iron, manganese, aluminum at pH 7, 12, 7 as a function of the concen-

tration of Fe(Ill), Mn(Il), AI(ITI) and reaction time.
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A: Gibbsite
M: Mn,O,

Intensity(a.u.)

Fig. 3. X-ray diffraction patterns of iron, man-
ganese, aluminum precipitates at pH 7.0, 12.0, 7.0,
respectively.
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Fig. 4. Eh of the water containing iron, manganese, aluminum compound formed as a function of pH on
generic iron Eh-pH diagram (Initial Fe(III), Mn(Il), AI(III) ion concentration: 100 mgL™).
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Fig. 5. Particle distribution of iron, manganese, aluminum compounds as a function of pH.
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Fig. 6. Concentration of residual iron, manganese,
aluminum as a function of pH (Initial concen-
tration: Fe(Ill) 100 mgL', Mn(I) 50 mgL",
Al(III) 50 mgL"', Reaction time: 60 min.).
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