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ABSTRACT

Sorption of the aqueous cyanide onto steel mill sludge and steel mill slag, both of which
are the by-products from the converter furnace, was studied.

In the study, the influence of temperature, activation energy, concentration and pH on
sorption of cyanide was investigated. Three different temperature( 25 ¢, 37 ¢, 50 € )
was chosen to represent that of landfill leachate. Initial concentration was 1 mg/! 5 mg/
I, 10 mg/!, and 20 mg/ ! . In addition, pH was set to three different level, that is, 3,
7, and 11 respectively.

As the result of batch mode experiment for cyanide adsorption, the removal rate was
found to be proportional to the initial concentration of cyanide. The order of removal rate
was 20 mg/! > 10 mg/! > 5 mg/! > 1 mg/!. Similarly the influence of pH was
proportional because of the change in solubility of cyanide. The order of removal rate was
pH 11 ) pH 7) pH 3.

As the temperature increased, so did the removal rate. The reaction was endothermic
and the value of activation energy( Ea ) was 127.93 J/mole and 59.44 J/mole respectively at
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1 mg/! and 20 mg/! of initial concentration. From the experiment, it can be postulated
that the capability of steel mill by-products to attenuate aqueous cyanide is enough to be
used as substitute for clay liner of landfill site in the aspect of pollutant removal.
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Table 1. Physical Characteristics of Steel Mill By-products

A 7} & ) 17.53 13.02 3.66 —
s i 22.18 17.68 4.45 Si0,, Ca0, AL O,
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Table 2. Particle Size Distribution of Steel Mill Slag and Sludge
&4 #200 A
Do D C A >E
Az =343 (%) (mm) 5o ( THIM ) (BEAF) | C(FEAF)
AdEda 3.93 0.13 0.62 477 0.97
AdEA 4.10 0.16 0.55 3.44 0.96
Table 3. Chemical Constituents of Steel Mill Slag
Constit. CaO SIOZ A]203 FCzO3 MgO NaZO Kzo T]Oz MnO S
tent
C(Og e)“ 388 | 364 | 148 | 067 | 623 | 025 | 048 | 062 | 062 | 0.8
(4
. _ T 11 Dot - ;
] i B e m——— O m

Fig. 1. XRD Analysis of Steel Slag ( X 1500 )
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Fig. 2. XRD Analysis of Steel Sludge ( X 1500 )
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Fig. 3. SEM Analysis of Steel Mill Slag
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Fig. 5. Experimental Procedure for Cyanide

Removal

Fig. 4. SEM Analysis of Steel Mill Sludge
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Fig. 6. Time to Reach an Adsorption
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Table 4. Adsorption Removal Rate for Cyanide
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Fig. 10. Arrhenius Plot of the Cyanide Hydrolysis

Journal of KoSES Vol.3, No.2 89~99, 1998



A RAE( A7 Sludge, A% Slag)& ©1&3 Alet &3 A|A 97

eItk &, 257125 ¢, 37 ¢C, 50 T £
Z715k Wt FHAAELE HA 28.0 % A
Aol 56.0 % A F7t A% Jedidi. ol&
ZAZ A FHAL FGukg o oA FHol
A dojun o) & wiFAe] 79 o It
B, Aere 2ot 2258 FH AA 2 2
Ro g Algdr.

By z2Ad MM AZEHR], A& 2
9% &% H7Ke Freundlich $& ¥34&
3ten® Freundlich Isotherm 4]&

X/M = KC*

where, X : F2€ £23%F (mg/l)
M:&3A 2% (g)

Cyanide Frieundiich Isotherm { 25 T )
4 0.5 0 0.5 1 1.5 2 2.5
0.5
¥l [
0.5

4
4.5

in X

InC

o pHIT, 23X
<o 22

pv, gixt
o pB. 2N

sl A2
x P8, &3x

Fig. 11. Freundlich Isotherm of Cyanide( 25 C
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Fig. 12. Freundlich Isotherm of Cyanide( 37 °C
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Table 5. Freundlich Isotherm for Cyanide Adsorption

2 13 484 I/n nK K ¢
pH 3 Sludge | y=1.34x-3.10 1.34 -3.10 0.045 0.98
Slag y=1.25x-2.84 1.25 -2.84 0.059 0.98
s0¢ | pH7 Sludge | y=1.16x-2.54 1.16 -2.54 0.079 0.99
Slag y=1.13x-2.46 1.13 -2.46 0.085 0.99
pH 11 Sludge | y=1.16x-2.43 1.16 -2.43 0.088 0.99
Slag y=1.12x-2.29 1.12 -2.29 0.102 0.99
Sludge | y=1.37x-3.29 1.37 -3.29 0.037 0.99
A PH3 e | y=133331 133 331 0037 0.99
370 | pH7 Sludge | y=1.03x-2.63 1.03 -2.63 0.072 0.96
Slag y=1.11x-2.72 1.11 -2.72 0.066 0.97
ot pH 11 Sludge | y=1.37x-2.84 1.37 -2.84 0.059 0.98
Slag | y=135x279 | 135 279 0.061 097
pH 3 Sludge | y=1.20x-3.42 1.20 -3.42 0.033 0.99
Slag y=1.25x-3.39 1.25 -3.39 0.034 0.99
¢ | pH7 Sludge | y=1.24x-3.32 1.24 -3.31 0.036 0.99
Slag y=1.24x-3.26 1.24 -3.26 0.038 0.99
Sludge | y=121x-3.14 1.21 -3.14 0.043 0.99
PRI e [ y=122x306 125 -3.06 0.047 0.99

N.& 8 A7}EH 2o &g At F&o] Permanent

ARME AASH] A AT A sH¥1y
AT 7ol Ui AY de o3 go] 89k
F it
1) 27187t 1 mg/19ld 5mg/!, 10mg/!,

20 mg/ 1 2 F7H] E3A AL 44 280 %

oA 31.0 %, 28.4 % M 56.0 %, 34.5 %°l

A 57.4 %, 38.1 % °IA 53.9 % = F7V4%

< JeERI
2) Aot S& FH2 L Giles 9 4 Type &8l

C-type o FehE witon 71€71( 1/n )9 &

o] 4 1.03 oA Atk 1.37 & JeT.

3) A}t o] 29 pH ¥ FFAAEL w2 pH ol

AN 7P =4 UYL oA AR
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charge ¥ th= pH dependent charge | 9&
S Jehir

4 ) FFA dgo2= HUSEY FFo] B2
AZsA7t AdEd 2 B 34 4 %~5 %
Az & FEAALE S UehiUT

5 ) Al FF FEWEoE B3 oA
(Ea )7} 1 mg/ 1 9|4 127.93 J/mol, 20 mg/ !
Al 59.44 J/mol2 e} ZIFEIH BE
& 2xRishl wie U2 LS ¢ F
Act.
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