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Removal of Metal Ions Cu’** ; Cd** and Pb’* from Solutions by Sorption on Slag

CHEN Xiao's, HOU Wen-hua"*, WANG Qun-hui'
(1.School of Municipal and Environmental Engineering, Harbin Institute of Technology, Harbin 150090, China;: 2.Research Center of Water
Pollution Control Technology, Chinese Research Academy of Environment Sciencess Beijing 100012, China)

Abstract: Batch experiments were carried out to investigate the adsorption kinetics and thermodynamic characteristics of heavy metal ions
Cu’* 5 CI* and Pb** on the electric arc furnace (EAF) slag from Baoshan Steel Factory. Several kinds of techniques including XRD
analysis~ BET specific surface analysis and SEM/EDS analysis were employed to determine the physico-chemical and surface characteristics of
slag. Results indicated that the adsorption rate of heavy metal ions on the EAF slag was relatively high, and the sorption rate followed the order
Cd* >Ph* > Cu’* . The adsorption kinetics obeyed first-order kinetics model( R* > 0.99). Adsorption isotherm experiment showed that
adsorption isotherm of heavy metal ions on slag fitted Langmuir model, and the maximum adsorption capacity of Cu’*, Cd** and Pb** was
0.101, 0.058 and 0.120 mmol*g™", respectively. The adsorption of heavy metal ions on slag was a spontaneous reaction(AG’ < 0) with
endotherm( AH® < 0) and the increase of enthopy(AS® >0). The effect of enthopy was the main driving force of the spontaneous adsorption
reaction. The analysis results of SEM/EDS revealed the changes of surface morphology and chemical proportion before and after adsorption.
Due to low-cost and high-efficiency, electric arc furnace slag showed great potential for the treatment of heavy metal polluted wastewaters.
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Table 1 Chemical and physical characteristics of the slag
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Fig.1 XRD analysis of slag

1.2 SR
1.2.1 WPz 2=scm

FREL 2 g KiARAE 0.9 ~ 2.0 mm AN, 75 H ZEHE
JEI A 200 mlL 15— 5 4 & i 1R 46 Ccu®™
Cd** “PH** W, W T4 8 & KL 2 mmol* L™,
FEWE 58 EN 5 mmol* L' NaNO, , Wl W14 pH b
S, 7EREIR B AR AR % (25°C = 1°C, #%3# 180 r/min),
FEAS TR 0.5+ 1~ 2+ 3+ 4+ 6+ 8+ 12+ 18+ 24 h X

FE, BRI 2 mL, 3 0.45 pom SENR, #0088 S5 W0 2 ¥
T G TR R, M R A Ak R R A B 22
A W i SEI AEAH [ 45 1F AR 3 A AT HE, AH
XRTE <5% .
1.2.2 WP S5

TEMURIAELE 0.9 ~ 2.0 mm [FIENE, FREL 0.5 ¢ &2
100 mL B0, I 50 mlL A A9 B2 (1) 5 — T 4>
JEAH IR R (Cu?* ~Cd® P DU, R BEBA N 0.2,
0.4+ 0.8+ 1.2+ 1.6+ 2.0~ 2.4+ 3.2 mmol*L™", ¥
BT ORE N 5 mmol* L™ NaNO,, W ¥4 pH A 5,
TERRIR bR 24h(25°C + 1°C, #53% 180 1/min)»
ARG AES 000 r/minff) 45 AF B 5 min, 7725 FIE
DU S8 1K 4 51U B BPAR BB, th ) ik
FERNP-r < B 2 72, FUBR 2% 1, SR A3 4 I8 s 7 R
tSCIGAEAR R 4 A AR 3 AN PATRE AR 2 <
5%
1.3 FEaa ik

AT ot 20 VY i i R FH L SRR 5 25 B R R
JEREAL (ICP-AES) M 52 LAk 2% e 431100 7K B rp 3 4
JEES 1K H K 1 W vk D g CShimadzus  AA-
6300011 s BET b8 i AR5 5 % FH U0 B L 3% 1T 2
FT A 32 ( Quantachrome Nova 3200e); 847 pH % H
P20 52 D00 s AR AR 2H R X 2R T B b
(Philips X’ pert PROD; >K H] 1 4 v 7~ W A 8 / 8 3% 4>
HH X (SEM/EDS, LEO-1450/KEVEX Sigma) %} I J% Ji5 £
R G STATIE 3 HT .

2 HZR5IE

2.1 ANV 4R B T R N Bl ) 4
S AP O AN R B T (Cd
Cd™* Pb™* DI B 2 77 2 45 R LB 2 b ) WL, 49
XT3 P 4 B 1 R PR R R, A 600 min JE
X HE 4y Je 1) G B D A B SEAOIRAS | LA 3 R RS
IR B B ) 2 th 2 S 8 ¢ 280 &, WA, CdP T AEAN
WP B PR 240 min B 7E AR b (0 W B o R IK
Bl B KB 10 949 , LIRSS PR o™ . W BHE E
SRR AR I, X 3 e - 1 ds R IR B 5 23 0l A = G
0.097 mmol*g™'+ Cd** 0.060 mmol*g™'+ Pb’* 0.107
mmol*g ™", W I &R/ 4 P > Cu** > Cd** LK
Wb ES IR R B 2y ) 2P AR S — 20 )y g A AR AL R
T S AR, SR A e Pk RV e AT
— R H) AR
g = q.(1-eh") (1



2942 7N 53

B 30 &

B R
_ Qikzt
=1+ g kot

1, g, A g Comol e g™ )73 7] A& ~F- 4 Wi B e 1 - Ti]
¢ AW B &, &, Cmin ™' DA £, Lmmol * Cgomin) ™' 153
) e 2 R 0 W ok 3 4

G RN Bl ) S AR S 56 B AU A
R 2, 32 2 Fros AU SKAFI 8) ) “F BT 2
— ) ) TR TR W 32 A HOE BRI T

(2)

B T 4 T P A TR B i ) ¢ B 20 W B ) 22
{H, 2080 ) 2 AR i 1 (B W B 3 4 32 A 2 T
AR AL AR P42 1 W B 328 e 380 W B 1) - W B T )
FIH SRS AR R TN, 2 AP A
XTI B R e B A I O AU 5 5 2R, (H — G ) 2
JR ] A A Al M < A F P N LRI B
T RECR? > 0.99), 7T LU SN ¥ X ¥ v 2 <
o S 1 PR W PR S 3 WD R A A

2.2 AN e 1 AR R B A U £

0.08

0.15

Cu2+ Cd2+ Pb2+
Tep 0.09 0.06
S
g
£ 0.06 0.04 | £
]
:§ o LRHH
0.03 e | 002 |
rrrrr — g HeRn
0 I I I L 1 0 1 1 1 1 1 L I I L L
0 300 600 900 1200 1500 8 300 600 900 1200 1500 0 0 300 600 900 1200 1500
it 18] /min B ) /min F &)/min
B2 EERSEFERIPMELRRMENFHE
Fig.2  Adsorption kinetics of heavy metal ions on the EAF slag
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Table 2 Parameters of kinetics models for metal adsorption on the EAF slag
HER IR Iy R — B ) AR
T g. ks R qe s R SE
Cu** 0.096 0.006 8 0.998 0.009 0.110 0.077 0.992 0.015
Cd*+ 0.060 0.009 1 0.994 0.012 0.067 0.177 0.966 0.042
Ph?* 0.115 0.007 1 0.997 0.010 0.131 0.068 0.977 0.025
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Fig.3  Adsorption isotherms of heavy metal ions on the EAF slag
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Table 3 Parameters of isotherm models for metal adsorption on the EAF slag
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Cu?* 0.096 0.292 0.946 0.025 0.101 13.493 0.949 0.028
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Fig.4  Adsorption isotherms of heavy metal ions on the EAF slag under different temperatures
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Table 4  Thermodynamic parameters for adsorption of heavy metal ions on the EAF slag
LSENT e Qe /mmol *g ! Ky x 1073/L*mol - AG/kJ*mol ™! AH/kJ*mol ! AS?/J+ Cmol = K) !
15 0.085 12.813 -22.65
Cu®* 25 0.101 13.493 -23.56 5.32 97.03
35 0.126 14.808 -24.59
15 0.051 17.433 -23.38
Cd** 25 0.058 19.024 -24.41 8.77 111.56
35 0.068 22.133 -25.62
15 0.106 14.015 -22.86
Ph2* 25 0.120 17.675 -24.23 11.29 118.8
35 0.132 19.006 -25.23
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