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Removal of Heavy Metals from Wastewater
Using Steelmaking Slag and Sludge
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Deparinent of Environ. Eng., Chung-Nam National University

2 % £ AFe s e E A% £ 38 A7 22 % FAIANZ GEo7) 98 A24¥en 254 AASE 2
ARESTh d9-2 271 % (5, 25, 50 mgil), pH3, 7, 11), £2(25, 37, 50°C)3 2alsie] 384 4193 A5 Siglen] =3 EDTA
HEFZ frel 2 A7Ee Aol F vim AT A9 ﬂf pH 72} pH 110412 T4 712 23 chld) 9712 42%
a0l 3 - 2ald o A SuaE PRlo] f=sle] 90% o) o] AATE Hel FAUT pH 36 HE 20-30%2] AALT
BT Grh ABYYAA FUER EARE A4 &elas A% PUE UL 2 oS0 9712 Y3 ARAGAY B2
ARZ 244 ) T JB5 0% Al V1% D) FES FEE AALLE 710D B ol AAE 1 EE FAE o]
2871071 104 202 A,

FHO . A7 s, AF B0, 2F5, BDTA, 458, v]g] 7] 2=,

ABSTRACT : This study was carried out to investigate the elficiency of stcelmaking slag and sludge in removing metals
existing in wastewater or leachate. Laboratory experiments were performed as a function of initial concentration of metals, pH
and lemperature of the background solution and the presence of chelating agent, EDTA. The tesl conditions were temperatures
ranging from 25°C to 50°C; initial concentrations varying from 5 mg/L to S0 mg/L; pH between 3 and 11; and Cu. Cd. and Ph
as adsorbutes. The results of tests showed that overall rates of metals removal were 20~30% at pH 3 and greater than 90% at
pH 7 and 11. Metals were removed from the solution predominantly via adsorption in acidic conditions, and the combined
effecls of adsorption and precipitation in neutral and alkaline conditions, In view of the test results and other engineering
characteristics of sleelmaking slag and sludge, these industrial by-products from steel industry have a high patential to be used
in wastewaler treatment and are particularly beneficial when used as landfill liner additives due to thear ability to remove heavy
metals from leachate.
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Fig. 1. Equilibrium test for sieelmaking slag.
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Fig. 2. Equilibrium test for steelmaking sludge.
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Table 1. Heavy metal removal capacity of steelmaking slag and sludge in the presence of EDTA at 25°C., (unit : %)
\ Initizl Cone., 5 mg/l. 25 mg/L ’ 50 mg/L
Section cd Cu Pb cd Cu Ph cd Cu b

PH {7 fural7 a7z 3l7|]al7]ulalv|ulsls{ulal7]l3]7|n
Steslmaki .

e"sﬁzkmg 41 (78|95 |44 |84 |93 | 49|87 04 27|54 (77|31 |72 79|32 | 73 80| 10|43 62|24 55 |60 |26 | 62 |75
Steelmaking

" dage‘"° 37(66| 77|38 )80 | 89 |40 {81 |80 |22|51|67 31|60 |73 |20 (70176 | 17] 42|50 (23 (48|51 |22 56|60

AdsolEd, A sH AL F, 1999
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Table 2. Heavy metal removal capucily of steelmaking slag and sludge in the presence of EDTA al 37°C {unit : %)
\mitjal Cone 5 mg/L 25 mg/L 50 mg/L
Section cd Cu Pb cd Cu Pb cd c |
pHl stz fa|al7(|s7|w|sl 7]z 7|ula]z|ulsl7z|ulstz|u]s|7|n
- ,
See;z‘;mg 39 72| 95|36 ,73| 95|40 |80 | 95|25 145 66|31 |63 64| 30|75 &3 |21 |31 |43 |22 57|61 |23 64| 76
Steelmakin
§1udge ® las|61|67|21| 75|76 |38 |85 | 80|23 |40 | 50|36 | 62|63 |20| 70| 74| 16] 28|40 |12 |52]53 | 2054 62
Table 3. Heavy metal removal capacity of steelmaking stag and studge in the presence of EDTA at 50°C {urit : %)
Initial Conc. 5 mgil 25 mg/L 50 mg/L
Section Cd Cu Ph Cd Cu Fb Cd Cu Ph
pH a7 (1t 7ae|si7 |37 1|37 1137 123]7 1|37 |11|3]7 1t
Steelmalan
%S[ag ® 13006992 35|75 |89 | 35 |83 |93 | 19|46 53|28|062|60|20 | 60|83 |18 32 |41 | 17|54 55| 19|61 60
Stecimaki
B;’lm’a "8 123 (50 69 (13|74 | 72(32| 79|85 |20 (4550 |28 (6L 61|27 (61 (70| 19|27 |33 (13|49 |52{19 5063
udge
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off 3t
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Fig. 3. Logarithmic concentration digram showmg the soluhility
of various metallic hydroxides.™
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Table 4. Adscrption capacity for heavy mefels in the presence
ol EDTA, 25°C. pH 3.

Heavy Freundlich isotherm
Sleel Waustes
Melal K 1 r
Cu Steelmaking slag 01827 0.52 09912
Steelmaking sludge 0.0797 075 0.9905
cd Steelmaking slag 0.1080 053 (L9928
Steelmaking sludge | 0.0940 0359 0.9999
b Sleclmaking slag 0.1456 0.38 0.9962
Steelmaking sludge | 0.0981 0.67 0.9953

Freundlich Isotherm
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Fig. 4. Freundlich isotherm for steelmaking slag.
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Fig. 5. Freundlich isotherm for steelmaking sludge,
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Table 5. Heavy metal removal capacity of steclmaking slag and shudge in the absence of EDTA at 25°C. (unif : %)

Initial Cenc. 5 mg/lL 25 mg/L 30 mg/L

Section cd Cu Pb od Cn Fb cd Cu Ph
pH 37113711371137113711371137]1137113711

Smi‘l’;;kmg 39|86 lor |41 |97 00|43 |v8 |90 2883|9820 08|08 |31 |98|99| 20|70 |08 | 22|98 |08 24|90 00

Stejﬁ;ﬁ‘“g 30|85 |07 |27 |96 |98 |32 |96 |98 |21 |80 |97 |28 97|98 |31|97|97| 18|80 |07 |19]97l08| 19|07 |97

Table 6. Heavy mefal removal capacily of steel slagmaking and sludge jn the absence of EDTA at 37°C. (unit - %)
Initial Conc. 5 mg/L 25 mg/L 50 mg/L
Section Cd Cu Pb Cd Cu Ph Cd Cu Pb
pH 317|373 F (3|73 7 (0|3 7103713713711
1
S“":‘;::”“g 37|83 |98 |30 |98 |99 |38 09|90 26|82 98| 27| 06|97 |30 |98 |08 | 20|83 |90 | 18|98 |98 25|99 |03
Steelmaking =
27183197124 /9690130 97108 22 81197 128195/97 30107108 11618107 113197(071]3197/[098
sludge L
Table 7. Heavy metal removal capacity of steelmaking slag and sludge in the absence of EDTA al 50°C (umil : %}
Initial Cone. 3 mg/L 25 mg/L 50 mg/L
Sechon Cd Cu Fh Cd Cu Ph Cd Cu Ph
pH 30703 (73737371373 71|37 113711
S“’ei‘izk‘“g 28|80 |98 | 30|99 |99 (31|97 | 98| 19|82 |98 (22|97 |97 (29|98 |98 |16|85|98 |17 98|98 |27 07|97
Steelmaking
sludae 2174|196 |19 98|98 (21 |98 |98 | 17|83 96110 |96 |96 19 |97 (0810|8307 15|96 |98 (18|97 |98
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