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Mechanism and Surface Fractal Characteristics for the Adsorption of

p-nitrophenol on Water-quenched Blast Furnace Slag
WANG Zhe'’, HUANG Guo-he' ", AN Chun-jiang’, CHEN Li-rong’, ZHANG Si-si’

(1. Key Laboratory of Regional Energy and Environmental Systems Optimization, Ministry of Education, Environmental Research
Academy, North China Electric Power University, Beijing 102206, China; 2. Institute for Energy, Environment and Sustainable
Communities, University of Regina, Regina, Saskatchewan S4S 0A2, Canada; 3. School of Energy and Environment, Inner Mongolia
of Science and Technology, Baotou 014010, China)

Abstract: In the present study, the removal of p-nitrophenol (p-NP) from aqueous solution through the adsorption on water-quenched
blast furnace slag (WBFS) was investigated. The physicochemical properties of the slag were characterized by SEM, XRD, FTIR and
BET. Batch experiments were conducted to investigate the mechanism, kinetics and thermodynamics of adsorption process. The results
showed that the experimental data could fit to Freundlich model. The enthalpy change (AH) and entropy change (AS) were 3.29
kJ-mol ™" and 4. 66 J-(mol-K) =", respectively. It indicated that the adsorption of p-NP on WBFS was an endothermic and entropy-
increasing process. The values of AG decreased with increasing temperature, indicating the spontaneous adsorption proportional to the
temperature. The adsorption could be divided into two parts, one was high-speed surface coverage, and the other was slow-speed
internal diffusion adsorption. It was also found that the adsorption process followed the pseudo-second-order kinetic model. The fractal
dimensions of WBEFS surface calculated by Freundlich adsorption fractal model were 2.78, 2.80, 2.84 and 2.87 at different
temperatures, respectively. It indicated the existence of fractal phenomenon with higher fractal dimension of WBFS at higher
temperature.

Key words : water-quenched blast furnace slag; p-nitrophenol; isotherms; thermodynamics; kinetics; fractal
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JEEETE(T6, v b 5 5 A E A SR A R T AR A

")) BB BT R4S (GZX-9140 MBE H[E | i
WA BRA ) % B G AL (GI-3
R R R AN A o A BRA R ) I BE iR A
(HY-B2 W &I B K EIR R
#(SHA-BA H[E LIt E8 A RA ).
1.3 SEEJrik
1.3.1  WRRRF AR S
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mg- L™ (X RS SR v Wi b, 78 pH o 7, #4722 1
J& 293 ~323 K W LL 120 remin ™' B%E N 60
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(30,50, 70 mg-L™") B X Al B R Wy T, 7E pH
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A SR A RARR bR A L SE R S R, R
M (Q,) NI,

Q(mg-g™) =[(cg —c)VI/W (1)

K, 0, K o B2 B (mgeg ™" ) 5 ¢ A e, 50 ]
SV AT U R P R AR (mg - L") 5 VIR RKAK
FA(mL) 5 W IR (g).
1.3.4  XFfE IR B I 2 7k

SR 8 I3 0 B T e X i 5 2 1y 1 e
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Fig. 1 SEM photographs of WBFS
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X R, S | E | <8 kJ-mol 7', JE T4 HLIK
M,2%8 < |E| <16 kl-mol ™", J& T & F35#k, 4
|E| >16 kJ-mol ™', J& T AL2E ML B>

fi# 1 A %1, Freundlich #5  D-R 4% 54 44 fig
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SEA BT 5 — S B AR AR A A, 0 Y 3
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Uk B i 35 T B 0 T e W R R 0 B R R
Freundlich &R =% 8 1/n HEH /N T 1 , F SR

KV R A 3k R By i W B R P E I R
Langmuir BRI 280 R, WU{H (0. 2762 ~0.8953) 1
T 0 ~ 1 Z 0], i — 25 U0 BH e W B o e 1 4
W BfE. D-R A7 R AN W B A1 R 22 L 3 1E 1 A
F BE AN BRI B, T L Ol il A X5 5 R S o 3R T
(WL B PERE. AR D-R BTG AH O R B & (H
EA AR B 0 B KW A & Q,, W& Tk
B EE , X0 A D-R RSB AR 1) 2 — il g ff 7
FLB 8 4 B I 00 4 A A B AEDIR S, YR BN
293 K Fl 3 323 K W, D-R AR5 1 0% () BE &
Ay - 8.33, —8.28, —7.95 LI K -7.86
kJ - mol =", 2B = 4 K R e W R T i R RS 1 ) 3
B [ B S R A

F1 MNHEXBESPKEE ENRHEESE
Table 1 ~ Adsorption parameters of p-NP on WBFS

A S8 293 K 303 K 313 K 323 K
Q,/mg-g"! 47.17 51.28 53.48 53.76
Langmuis K, /L+mg~" 0.0117 0.01138 0.0123 0.013 1
R, 0.299 4 ~0. 895 3 0.297 6 ~0.894 5 0.2890 ~0.890 5 0.2762 ~0. 8842
R? 0.943 0 0.9279 0.9326 0.947 1
Kp/mg-g~! 0. 74 0.76 0.78 0.83
Freundlich 1/n 0.82 0.83 0.84 0. 85
R? 0.9956 0.9953 0.996 1 0.991 1
Q,/mg-g”" 278.24 306. 06 319. 98 375. 62
DR k/mol® - kJ 72 0.007 2 0.007 3 0.007 9 0. 008 1
E/kJ-mol ™! -8.33 -8.28 -7.95 -7.86
R? 0.9853 0.984 8 0.9857 0.9856
A/L-mg™! 0.34 0.35 0.36 0.38
Tempkin B 5.87 6.08 6.20 6.51
R? 0.896 4 0.893 6 0.8918 0.914 6

2.3 Wtz Siee

H P 7 AT LA H T bR K A X o i R T 1
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Fig. 7 Effect of contact time on the adsorption of p-NP

onto WBFS under different initial concentrations
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Table 2 Kinetic parameters for p-NP adsorption onto WBFS

298K 308K 318K

SR SR 30 50 70 30 50 70 30 50 70
mg'lfl mg~L’1 mg~L’l mg'L’l mg~L’1 mg~L’1 mg'L’l mg~L’1 mg~L’l

Q¢ op/mg g~ 3.71 6.24 8.88 3.77 6.30 9.19 3.78 6.40 9.22

h—%5 Qu.a/mgg™’ 0.24 0.17 0.18 0.19 0.15 0.45 0.06 0.15 0.33
IRk, /min ! 0.0123 0.0103 0.0087 0.0098 0.0084 0.0146 0.0099 0.0137 0.013 6
R? 0.9864 0.9592 0.9834 0.9576 0.9440 0.9282 0.9783 0.9742 0.980 1

Qo onp/ Mg g~ 3.71 6.24 8.88 3.77 6.30 9.19 3.78 6.40 9.22

- Q. ca/mg-g”" 3.72 6.25 8.88 3.79 6.30 9.23 3.78 6.41 9.24
ﬁ%ﬁ?j k,/g+ (min+mg) 7! 0.1709 0.1575 0.1370 0.2016 0.1508 0.0752 0.5169 0.2223 0.1017

h/mg-(g-min) ~! 2.36 6.15 10.80 2.90 5.99 6.41 7.39 8.68 9.13
R? 0.9996 0.9991 0.9998 0.9996 0.9997 0.9999 0.9999 0.9995 0.999 9

AT C 3.51 6.03 8.69 3.55 6.11 8.73 3.72 6.25 8.91
;{%ﬂ%ﬁ k,/mg-(g-min) ~*3 0.0124 0.0133 0.0109 0.0145 0.0110 0.0300 0.0036 0.0096 0.020 1
R? 0.9687 0.8201 0.9763 0.8538 0.8013 0.8445 0.9369 0.8827 0.8655
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Fig. 8 Effect of contact time on the adsorption of p-NP onto WBFS at different temperatures
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