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A Study on the Treatment of the Acid Mine
Drainage using the Steel Mill Slag
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2 & MRHITY AetE A% T AT eda o8 7Fe4e AEdNen ANl 45E v
w3t 24212 WA 12 A¥elide gd vt ARG & pHE UEMAT Fe. Al R 7l 849 58
AAAEE Bt 103 J3gE ALGALREA JA At HNET L pHE FASI Fest Ale] AIA
e Adhe Jehdx] 83kem] Ni, Co, Cu, Zn 25 3R ST 28 £ AAAEE A HH,S0,)
o2 pHE AMDS} FY3A R FIFETE ANF 2 WY FRFERATY £9)9H9] ¥hgojie AMDS}9] vt
SR FF49 AARL] DolRed), ole AMDU] EASIE Fes} Al9] 481E0] AAY of FHo F2lol
& FEE0l A vid AFTHA AMDAME ol A3y} Q7] WE 2o Addct ede] A71EGS
mmo}ét, 5~20 mm. 20 mmelhydBAME S2ae] F7I7t ALE O & pH 45 o ARAQ 459 AA
g 2o uERHo| 3¢ 2AYE A

Abstract : In order to evaluate the applicability of stzel mill slag as a AMD (Acid Mine Drainage) neutralizer and to
compare capacity of slag with that of limestone lab scale experiments were conducted. The fixed treatment experiments
of AMD with slag and limestone separately for 24 hours under the stagnant condition showed that slag has higher
capacity of pH increase and remova! of Fe, Al and other trace clements. During the 10 days continuous step experi-
ment, the pH has been maintained and any decrease in the removal capacity of Fe and Al has not been observed. In
the trace element removal experiment, slag showed higher capacity for removal of Ni, Co, Cu and Zn than limestone.
The removal of trace element was more effective in AMD than in distilled water that the pH was adjusted to the same
level of AMD (synthetic acid solution). It means that Fe and Al in AMD adsorbed trace elements during or after pre-
cipitation as oxide forms. In the size effect experiment, the slag of the smaller size with larger specific surface area

exhibited higher capacity of pH increase and removal efficiencies of Fe, Al and other trace elements.
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Ful7o] @k Ul Aol B s AAdF el
(Acid Mine Drainagey= 2 2|7} 7Hje W pHel &2 3,
d2ulE 22T gigde] 2 Qs Agt £ 9de of
7133 o} ol2] Aajof uigt QAEo] EasAl APHS 9
o}, AHdgihilies) AubdE 3A RS UHHA B
sieta ulg AlRshe HF3E AW (Active Treatment)s}
AAHA AE olg3he 233 A4 (Passive Treatment)
22 Ve 4 lthSenguta, 1993). £33 Ao e
o) ¥7ht 94 9 KA BaX) g3 v B 48
¥ A7t vlge] g ANk AAHol det A3 A
o] vla] LPYEFS AA £x71 = Holn A Al
ol A3 2YERS UF 77 e} EXALE W) A
A & e Dol Stk o120 A= Oxic Limestone Drains,
Anoxic Limestone Drains, Diversion Well, SAPS(successive alka-
linity production system), 2¥x] 5 t}ug Hhyo] AF=S

* QU R Al 88T 8 (School of Systems Applications Eng-
ineering, Hanyang University, Seoul 133-791 Korea .

t}(Hedin et al., 1993).
FIA M vlRo] A 3 GHFY FA7E A9 gle

-9 Overtreatment®] 7Fs4dol A& ZFHF(US EPA, 1971) W&ol
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M3jMo] F2 AMEHI glon] E§ AAS, £43)(Kim er al.,
1995), A4S 2ZHChoi er al., 1994), AZLHEIFE 91, 1999)
5o ARIFsAle dig A7t o|FojH £ Qe AT
€9 AR XYY F2 34 L 0P FIFE&Y
HAEEE A=A sl

71E AH2FoA AlgEHe HIMe AR st &
52 ¥RZ3Aed, 24017 AMDS} ¥HEAlA M2 E ©lEs)
A3, 1097k B3 A4 AP B8 A% A5 A
F3AT. =3 FF4] AAEZAE Falo] vl f1HA A9
Aoz OPe] FF4HE AMDA Hrlsglon, gdoa pH
& AMDS} FUA 2E: FHFUA 2T I FI345E A
7i5te] FUH UYL FA¥oETN AMDY EAI3R= Fest
APl 584 AAY v Y%L setstax st vpx gt
oz a9 Ay LY AP 377} g viE
FEE ZABEG.

& AYoM F3AZ A A7 €dlae AYAAYAM
WA= AF A} I Eoir). Ao HE Yol



A7} SIS o)g e AAFAuFAMD)R] 2o

€ Ad AR A HAL de Ad FTES A2 de A
7 TR Yol APMozne M 3L 5 2
< HEL HEEol B ANe) ¥Fsuz A THE F
8 B, A, Q, W2 R F 52 AA ©E £x gdst
Fol 7Fs% g RtECh A% 33 ARHE 2= A A
29 A7lz £ /R dEd A APA Udere S
€ 32 &, A7 34 Azng Arl2dM Yee &
28 2zt A2 &2 (Converter Slag), B71Z & 2(Electric
Arc Fumace Slag)g} 8t M2 &9 A2 ¢fa8 ¢
A A7t ¢fasty fed 47 o IR R AR 5
o} A|7ZolA A AEQ 4, dejgl, A R GkE
EE5o] AM3(C20)% Afsi AAsHe RLE 2Ca0 - Si0,,
2Ca0 - Fe,05, 2Ca0 + ALO;. 2Ca0 - P,O, 59 ez Yeld
t}. oluf ol ¥ HelZ wg3x| ¥ a2 WEHe 44
3§ free CaOZ} st ole BT Aejoln FE3} wkg-
8lad Ca(OH),Z HASHM AR Zse 548 7o
AE 9, 1997).

19982} &2 wE%S ¥ 12 &) 8159 &, A
7t et 6047t BLE E 14199 Eo] v s, Al
2 U FolM Arlz &dae 2014 Eoly, 2 F oF
208 E HEsl YLl 96.8%2] AL @FHFHAY3.
1999)2 Holx o 1 £57} of ¢ fA=o] Frl7ixzt
e s ¥ o] uxr|EAy g Fo=g AHSHT 9
ol HZ Sof A2 Wl AP FHo| FF3] sk F
Hoda A7z sef2e] GgFol Fr7HE Helm (iR
3. 1997) o]9] AYL WS Wl A7 Basich
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R A 3 A¥2 MMz g 7z} 419 v]o}H
o -3 24A7F AMDS} HHSAIF AjZbo]| whE wW3slE BE
3t T Wix 9A A d4 dge a9 3 589 A
5432 dotny] 98 1097 AAsY. A7 10 eme] of2
BUTol FAE AL F A9 AMDE FUsE 2447
g8 Al7) tRe olfEo s whE wiFAIZTE TA AR
& AMDE FY3E 24417 o]F Al FUF A S
103] wrEEQct. £ vjEAd] dold = A= 2IE FH
4381317} gi8] 3087t A Al FU vjdo] o}Folx
5£ sl Aoz AMD7E FESHe 954¥ol &9
HAH)AT ALSEHE AMD?2] o) digs] Bo] Bad A
oF wj 8o ALAYPE A R A whge s giAsiy
o} 5= AMDY A& 24072ke] AMFAIZRE A B A
EE vid BT A HA 5345 F3 AL 3349
AAENE FREA 2] 98] Ni, Cu, Co, ZaE AMDS
A713te] AMDEE} B2 554 FEE 30 mgl)E UF
2 Az F 4 Lo vlolAAN 434, a9 77} 244
7+ vkg-o AT 3 Fesl Ale] HHMo] I A Ao v
e G Lokl Ast FHFol FUMH,S00E Fl pH
£ AMDS} 24 23§ Al FEETE 7 ¥ §Y
F AYe st ) R el 371 e BE AxE

[ e O
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BE A7
<ot 7] gla 37FA] 271(5 mm °l8t, 5~20 mm, 20 mm ©}
Ahe sea2g BEF 5 o5 Zzh 419 vio]Hd A&
¥ AMDS} 24N7H W2 AR F wiAZE BABE AH
A3

Az & o 24 a9

Ayl AMg-E AMDE 1999 59 29Y AR 79 4%
3ol asiAe B4 Azl pH 298, Fe 121.1 mg/l. Al
58.78 mg/l, Mn 29.18 mg/l, SO 1,679 mgl S0 HHFH
Q AHgFih o) 54 ¥t AMD F3lA2 ARS d
712 €dae YAAANM aen, Aye FR &3

o B Faol WYY Hel ol AHBSRE 4SS AME
Stk 5 FHAe] XREEMZ 454 FHES C20

53.32%. Na,0 5.23%, SiO; 1.59% 522 Jehton] &)
ALE Ca0 2227%. SiO, 1496%, Total Fe 30.06%, MgO
5.5%, ALO; 6.12%5224 £ 17t Si0,, Na,0, MgO, MnO
5o giFol 43j4o) ula] Fod Wl CaO= 122 ol3te] &
e ¥

A dit f uF

oy A e

pHE 247+ 73 & N3N 7.09, Edl2olME 84
2 &d20lM 13014 =A JePdthFig. 1-(A). A4S 4}
L8 39 CaCOFRol FL24E YHeIx9 Yol F2 A
o2 Jdeix YCK(Naim er al., 1992) 434e] 712 CaO ¥
o] 12 A= ol A ¢ CaOEE 711 &g olA of
A o & pHE Jehlle Re v Easke CaO

AT =
7b dFEe B BEIA ¢ 2t vlEE Free CaO

&
o}7] W&ol ZAFER WMoz SAshe AHHEd AMD
ste] whgo] o] F Yol o2 v E& BeExn Y

€ B3HE Fus SASKE Ca0 I H3dnde ¥ A

Table 1. Chemical compositions of treatment materials by XRF analysis
(unit in wt.%)

limestone slag

Sio, 1.59 14.96
Ca0 53.32 22.57
T-Fe 0.11 30.06
Na,O 5.23 17.2

ALO, 0.17 6.72
MgO 0.19 55

MnO 0 396
KO 0 0.02
TiO, 0 0.67
P,0, 0 0.28
LOI 39.33 -1.86
Total ‘9994 100.08

* T-Fe : Total Fe

* LOI (Loss On Ignition) : mostly organics, carbonates, and sulfates(30
minutes at 950°C)
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Fig. 1. Variations of contents of elements and pH in fixed e)_q;criment

€ deiol7] WEol 4A ko] Yoiitg ez WAt MM 2F 100% AAHATU(Fig. 14C). Cat MY -

Fee 271 77 mg/elM €d1e] B¢ wg Aol 100% o ¥o) $&HACTFig. 1D), Mgt Aol 2 Uol
AAE Eoy 4siHoMe ABFE 3.19 mgAZ 959%°]  FUISITH(Fig. 14E)). Nast K& A34olNE 833l ¢
AAEE BHo(Fig. 1-(B) Al W& 247 ¥ ¥% 331 £ Aoz yeRou &M 24746636 meist 38.85
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A7 SR2E ol g¢ A4 FAuFAMD)S] Al AF A7

mgN2 Z7HcHFig. 1-(F.Q). ol AFTH T H4IM Fe
& Bollle FARdAM AMgshe gAY 2UAQY NaOH,
Na;CO;, KOHoll oJ3] &2i20] Nast K9] 3ol Eobil7l o
Tl Hos UTATHHYE 9, 1992). MnS HAHM =
Aol AASE ol Qe Ao Uehdol vlg gdadlMe
ok 89%2] AALL RAL(Fg 1-H) Sie A3HdAMe Al
ASYE, sA2ANE FAFEE JeAtHFg. 1-D). °le
Ca02] 79} Akl Sadiadiel syt wiPAde=A F§
o] Sk E7} HolAe AHE MM Fo] il U7
fEog JAAY. Nidt Zae £ 1MME ¥R AAHN
o} YMoME Zzt 50%<t 82%2 AAEES EATHFig.
1-(J), (K)).

cAlY ok Y @

108 7ke] ARelA pHE 2ALYPIMS slR7E gl
M o Ee AL FANAUTKFg. 2-(A). Fest AR 434
7 &2 TFoIA AGRE dE o AAHY 10dR =
AATSe Hske JdehdA] 94kthFig. 24(B)(C)). AMDS]
B3 o] pHO 949 FEWspl dg& F Y22 pHe
i, YAEES HLH viAE QA T disl £48
Agsded 23 Fettol Z4asigdchFig. 2-(B)). 471 X
D3ol= pHel W7t glglen] §719 Huizt upeol] Lo
Qx| Mol YAZo] wAlshe R ¥ o FeWe] FxIt A
Qo] AFFAUA 7AT R ABE BI3}E 4719 Fert
FREr|nche A4ASES JAEr] fEQd e Ad
"o} Cas &t vhgolMe 650 mgE I FEES A
oy, Aol e 500 mgolA 650 mgh Atele] st

£ udtkFig. 24D). Mge &l 2olME 150 mgelA 170
mg/ld] AlolE, MMM 90 meg/lelA 115 mgn Akl 3k
& HYthFig. 2-E). Sit e as}e] kol A 10 mg/l
A7t 225U Aldo] AAM FAsAHFg. 2-(F).

=34 853 A A

%7] < 30 mgnel $FE®i, Cu, Co, ZnyE S3AIK &
ofjo] ZalA|9} 244]7ke] w2 AR ¥ &M 2 F
o] iR AAHULY MMM MAEES SR
wiskth, AMDS} 2% 797F A W Aeue o
4% $£24 2 (Dissolved Oxygen)?] Z4E Hole R(Fig.
3-(A)) AMDe th EAshe Feub Alo] 422 A7)
gl Rog wodct webd AR ASE g &34
Aol Wizt A9 g AE Fest Al €8 3452 43t
22 A0 HA 7] BEQ Aoz JHAt Ni2 A2
s}o] whgol e A 100%9] AAHLS Mot 434t
kg A AMDY A$E 35.6%, U4t A< 30.98%
o AALL HAkFig. 3-(B)). Zne &W2olME 100%, 4
HAorE AMDY] ZALE 55%, AT H= 61.6%2 A
A&& BHhFig 3-(C). Co JA EeTIME Al 100%
o] AA BL BFou MMM AMDSHE 28.87%. !
FAE 2748%2) AALES BYLni(Fig. 3«D) Cue 474
o] Wi zojA] 2E 100%2) AAELL Jelloy AAH &
T gdadM o BE Hog YehddkFig 34E). & 2
E u)e@ZLE(Ni, Zn, Cu, Co)ES AMDS} AT ¥Hex 2
oA M3Muche Sdeh wed o o Bol AAHUL
o], =3 AMDO| FB4-L H7H fodolM AT TEE
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Fig. 2. Variations of contents of clements and pH in continuous step experiment
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Fig. 3. Variations of trace elements contents and dissolved oxygen in removal experiment for trace element

£ A7he BAnn o we Yo F340 ARHEU. ol
FEE0) Ferb ARtsHEol A o 43P =t &3
Snl 2 yeja) 22w A S£ARES YAs) HANA
Y F2Hol AL 7HsAE AT 28y oy 4y
oA el pHe T 83 FEFTA Z}' STl A 4

322 WHYVE 228 B A0, 4NN u &
Azsiel waeln 224 AAA G4 B Yoltor} = 3

gA7te] pH Aeizt < 1 el S Ysiche AE & o
A FAsEE A ) AN FaAdle] At o 2
Aoz AQdE. £, €7t Ad gFHl 5359 ¥
AAN 42 4L F¥ske Aoz Mz, @ 4 A
BHEo] A FEH 58 FHEAE AEgAElEY
2, 1998) €A 27t Ad B9 Fe 4&o] F3E9] AA
2 q¥E ¥e Heidx 2B £ ok

37 B3 Y

s 2] 271E EdlMe e IV ALEE A
AA2A ) 73t o I Yehdes 22 Yehdtt. pHel 7
5 24A17F Wkg- & 2 NS mm ol3he] SlaAME 8.87
2 F& 37120 mm olheliMe] 8408 o & g By
L.5(Fig. 4-(A)), Fest Al%] 9% 2 alole v} &
a9 717t FEE o mE AA FIE VAHFg 4-B),
(C)). Fesl AR & F4E°] vld) ¥ pHAA 43188
B2 YA 57 Wiel 4%l ARE Fxe 27 BHA
Ae & o8 BolA % AoE A4¥E) Nadl Ke 2
AP Ae} YA $28e Re= YehiEg o =)
7} 24 o B Yol £&HAKFig. 44D),(E)). o}& Zt
2 72 e Z7EFAA 20 mmolide) 3sle 5~20
mme] Z7le AXelM 2 AelE BAFA ggkAluk 529

mme] A7]9} 5 mm °)3te} AN e 2 gt} Aozt & A
22 Jeht Azlel 973ge B FAGh Mn, Ni, Zn |4
2402 B3t Folle 37HA A7leiM BT Ao g AA
7h e e Yy 2 AA e gas) 257t 2
€75 o ¥AG(Fig. 4P, G), ). &, &d29 277}
e 5 gzl FrlE whgol o # Yojd(HFR2 4.
1996y2 #Asjqrt. o) o] Aol ez TF e Mg
At oA 2 Aol gl 2ol ol A7) AAE =
2l Aol A3E ¥ £ e A7) MY z]jo] Hasofo}
si2eta Alggrt

Z 2

A%} €d2E o8 AMDS F3AE AN 2 A}
s3] FaABMe] AEAS #AY 5+ YAt

). €829} X34 AMDS} 2447t Wk A1) A AY
Adxe St HMRO [ 30]4e] ¥ pHE Ve,
Fest Al9] AA 585 432 HAT. Cas 434N O
Bol &5, Mge S0l Ro] £25HYSY Mn2
A2 A AASE FEE, Sic SUadM gL &
He g, 283 nFo g EAshe F34L M4ng
P24 F4 F AA"E FFE 5y

2). 1047 AR A4IANYAFNME €27 o =
€ pHE AlE& FASAL Fest A19] AA H&o Ash= o}
ERR] eisiet,

3). 991 s 348 o 30 mgn FHE ¥ MY, &
2ot Ztzt WAl 79 Ni, Co, Cu, Zn 25 &e)2ciy
WY 22 AA 582 BY) olRe st AU oA
3 =& Fe B0 3349 FHAA fsol Urhe 2L
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Fig. 4. Variations of contents of elements and pH in size effect experiment
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