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ABSTRACT : The precipitation and phase transformation processes of iron minerals in acid mine
drainage have a great influence on the behavior of trace elements in drainage. However, it is not easy
to accurately trace these processes in natural environments, and therefore, most studies have carried out
in the laboratory to obtain the information on the precipitation and transformation of those minerals. In
this study, the precipitation of minerals and the changes of trace elements in drainage water were
investigated at different pH values in actual acid mine drainage collected from the Dalsung mine. The
amount of some precipitated minerals was not enough for the mineral identification. However, from the
minerals identified, amorphous minerals were formed first, and then goethite was precipitated probably
from schwertmannite. When the pH of the sample was high (10), amorphous phases of minerals were
still observed at even high pH (pH 10). With increasing time, the pH values decreased by precipitation
and transformation of minerals. All the elements showed low concentrations at high pH (8, 10), which
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might be due to the precipitation of minerals at high pH and the effect of surface charge, and the
concentrations of elements gradually increased with time. In the case of sulfur, it also increased in
water due to the transformation of schwertmannite to goethite.
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Keum et al, 2010; Kim and Kim, 2011; Byun et
al., 2017). 28] o]Y¢ TEEHELS OE J==

B

— 174 —



Aol A B2

o) Holslt 31y Fol A FHE Wolgle F5
1 g0z WE £ itk wehd AP

Hj ol Al FE] A 9 o] HAH S AXHA
== 2 9ok

B AT g4kl @3 A4 83 o]
A g g QIT o2 HlES WA
37] 98t Akl AE] AR AER|7L
AR o] 9T ot GAFARSe H |l T,
S 55 ABsitt 199430 HBEReH 1
ARBAEE QA3 QB &S WA &
2R 7F AXE Q) o] AR tisiAE
YA}t A7 @ AAE e A7F
FeJElo] FH|ZERUO|ETL 8 HHEYU] B
1=o] thLee et al, 2003; Kim and Kim,
2011). ©] FHIZEnh}o]Ex A A7lo] At
T AN g Mol oleidt A Y AHo9t
e o] FAHFe sRAduol A mEE QA
TR0 Fa3 YIS vk

2 AT SAF Mol AHS &
55 UOE ANE OE pH A A=
A& gt FEHY FAHI tE ol A

[e)

1o o ot

N >,

L o

]

N

i W S55 &l #ske Foto] Fd=
A g sl mE e W fase) AE Wt
doprE izt A E AT

i o

A= A F

oA 1A} BEE ol F1L e WA ANEE AHH
39 THLee et al., 2003; Lee and Kim, 2008).

i o M2 HE HH

A HA AJFE 1 M HCIF NaOHZ
pH 2, 4, 6, 8, 1002 %431 olFdl =4g 3}
2 e dA AEE RESINLE 4 AEE & A
g5 AL 1A AE AFHEOZ YHoH 1 L
St ERo @A FFE7|(VS-1205SW1,
VISION)®l| A 30 rpm 25T Z722 1071€ &<
BAsiATh Baste Bt wlg ¢ WA o9t

Aol M wY kel A%

HAES a8 ABsFReH pH 4L APA=
A2RE 9 ke WY, 1 F pHo Z et
WY HolA| go} 29 FHE wlF, 1 oF 2%

(]
3B AR AFHE 18Y T, 979 T 213Y T,
83 upREto 2 3179 Zof 7z} ZepAE W

E
F7het & WA Bastnh ZF pH 24
2 A7t @2 FEo| F3t wWstE By
Z7) FAE, 764 Fo] AHES 94 £
B Bt Bttt s AHE AlEe
NE AFH7F B 4089 Fo] ASZHE AF
Itk E25H 289 Ase Ad dxAFh

I off
D)
bl o

o
ol
we 2 aln o

w2

o m.lg

M
~

>~

Ho

| =

& ABdA A" FEe] AL st Eeld
aAe tiste] AENSt FEHAPAFHAA X-
3-8 7](X-Ray Diffractometer, XRD, Rigaku,
D/Max-2500)5 AH&ste] FEEAE AT
27L& 18 kW Cu EMlS ©]&3t312H 5~60° 20
A A 28Tk 72+ & MRS vEgdah
< B3] flste] 717PEE AFHE A5l tiste]
Al, Fe, Cu, Zn, S, As, Cd, Pb, Ni 97]12] 94E &
Aetath AR 42 Z|zHeAddTd AE
AlE oA =2t Sekzrt AZE47](Inductively
Coupled Plasma Mass Spectrometer, ICP-MS,
Elan6100/Perkins Elmer)Z Cu, Zn, As, Cd, Pb%}
Nig #4891 =2 Szt A w3
7](Inductively Coupled Plasma Atomic Emission
Spectrophotometer, ICP-AES, JY, Ultima2C, Jobin
Yovon)E ©| &3l Al Fe, S& £48}3th

27 2 £9

o

o

d=9

F

tol

g FE9 AFAA g HS e A
ZE o A4 XRD B4&
s AR AR o] FH3
ottt GH FAHo| 7sd AEESY XRD 4
ZAI= Figs. 1, 2, 3, 490 A= Qi) Al ¥ =)
Y 1A ANz FE AL pH 2Ho] ¢ &
AZ(NA), Z8|3L pH 4, 67 10904 AFHE A=
o Xqto] 7agith

— 175 —



408 days

76 days

Early precipitate

MMWMWMMW

T I T I T ]
20 40 60
26 (CuKe)

Fig. 1. X-ray diffraction patterns of precipitates at
indicated times at uncontrolled pH values.
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Fig. 2. X-ray diffraction patterns of precipitates at
indicated times at pH 4.
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Fig. 3. X-ray diffraction patterns of precipitates at
indicated times at pH 6.
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Fig. 4. X-ray diffraction patterns of precipitates at
indicated times at pH 10.
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Table 1. Changes in pH values of the mine drainage
waters at initial and after indicated times (NA: no
pH control)

day Initial Ater 76 days  after 408 days
pH 2 2.05 1.87 1.81
pH 4 3.99 2.75 2.67
pH 6 5.97 3.22 3.14
pH 8 8.08 7.35 7.13
pH 10 10.02 8.61 8.18
NA 4.65 2.82 2.71

2011). 98] A& ZF pH 109] 7§ gukzoz 4
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Fig. 5. Concentration changes of Fe, Al, and S in the drainage samples at indicated pH and times (NA: no pH
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Fig. 6. Concentration changes of trace elements in the draiange samples at indicated pH and times (NA: no
pH control).
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