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Adsorptive removal of sulfate from water by Zn/Al layered double oxide

Cheng Junyu Yue Xiuping Cao Yue Zhang Yue

( College of Environmental Science and Engineering Taiyuan University of Technology Taiyuan 030024 China)

Abstract The adsorption characteristics of sulfate from aqueous solution by the Zn/Al layered double oxide
(Zn/A1-300) and its influencing factors such as the pH of aqueous solution dosage of Zn/Al-300 equilibrium i—
sotherm and adsorption kinetic were studied. The results showed that the adsorption of sulfate on Zn/Al1300 was
conformed to the Langmuir isotherm equation and the maximum adsorption capacity of Zn /Al-300 for sulfate was
62. 5mg/g which was close to the stoichiometric adsorption. Three kinetic models were used to fit the experimen—
tal data indicating that the pseudo-second-order kinetics model could better describe the adsorption process. The
adsorption of sulfate with the maximum removal rate was found at pH = 5. 5. The results by X-ray diffraction (
XRD) showed that the reconstruction of its original layered structure in the presence of appropriate anions is
mainly attributed to the removal sulfate mechanism of Zn/Al1-300. Zn/Al-300 has a good desorption and it can be
regenerated by calcination. Through the economical analysis and comparison it was found that the Zn/Al1-300
could be used to remove sulfate at the lowest costs.
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Zn/Al ( Zn/Al4.DHs)
Zn /Al
1
1.1
Zn/Al4.DHs 2. n(Zn):n
(Al) =3 .
. pH=10=0.3 65 C
12 h o 70 °C
12 h Zn/AldADHs.  Zn/AldLDHs
300 °C 4 h 100
Zn/A1300.
SO;~ Na, S0, 7.40 g
110 °C Na, SO, 500 mL
S0;~ 1 000 mg/L o
1.2
Zn/Al4.DHs S0O;~ Zn/A1300
D/max-RB X
o : Cu k
( 1.5418 nm DS 1° SS1° RS 0.15 mm
5 °/min 0.02°,
Nicolet Nexus-670
KBr
lem™'.
1.3 SO;~
50 mg  Zn/Al-300 50 mL SO;~
500 mg/L o
10.15.20.30.60.90.120.150.300.420.540.720
1 440 min BaCrO, SO;~
1.4 pH SO~
50 mg/L  SO;~ 50 mL
NaOH pH 1.97.3.06.

3.99.5.01.6.06.7.02.8.04  9.03. Zn/Al-
300 50 mg 150 r/min
3h SO;~ o
1.5 SO%-
20.40.60.100.140.200 220 mg/L
Zn/A1300 50 mL SO%" 500
mg/L.pH =9 150 r/min
3h S0;” o
1.6
SO;~ (C,) 100,200+
400,500+ 600.800.900 1 000 mg/L 500
mL Zn/A1-300 100 mg/L
288.298 303 K 3h
S0;” (c) » (1) Zn/
A1300  SO2° (0. -
Q. =(C -C) x0.5 (1)
L Q. (mg/g); C,
SO2- (mg/L);C, S0~
(mg/L);0.5 SO~ (L)
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(Q.) S0;” (Co)
F L .
1.7 .
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20 mL ( 0.1 0.5
mol/L. NaNO,.0.1 0.5 mol/LL.  Na,CO,)
S0~ S0~
Zn/A1300 300 °C 3h
2
2.1 XRD IR
Zn/Al4.DHs S0;~ Zn/Al-
300  XRD 1 . Zn/
Al-LDHs JCPDS  ( JCPDS22-700)
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. Zn/Al4.DHs.
Zn/Al4.DHs d (003)



133

1 :Zn/Al
0.782 nm, 0.48 nm SO~ Co;~
0.302 nm. Zn/Al300 Zn/Al- S0O;” 7Zn/Al300
LDHs “’ Co%" : Zn/Al-
Zn/Al4.DHs 300 S0%"
° Zn-0-Al
T o Zn/Al-300 S02~ .
L Zn/A1300
S0;” o
1 Zn/AdDHs S0;~ " B N v oo
Zn/A1300  XRD ¥ $em)
Fig. 1 XRD patterns of Zn/AdDHs( a) Zn/Al300( c)
and Zn/Al-300 after sulfate adsorbed( b) 2 Zn/A-LDHs S0;~
Zn/A1300
1 7n/Al300 SO?1 - Fig.2 IR of Zn/AdDHs(a) Zn/Al300( c) and
XRD 7n/AlLDHs Zn/A1300 after sulfate adsorbed( b)
Zn/A1300 N
. 1(b) (a) d(003) d 22 S0~
(006) 2.2.1
Zn/A1300  d (003) 0.551 nm Zn/A1300  Zn/AdDHs SO
Zn/AILDHs  0.302 nm Zn/ 3 Zn
A1300 S0 S07- Al300  Zn/AldDHs  SO;~
y . 1h  Zn/Al300
’ 44.19 mg/g  Zn/AlLDHs
1 Zn/A-LDHs S0}~ 29.10 mg/g; 3 h Zn/Al1300
Zn/A1300 60. 06 mg/g 3h
Table 1 IR Data of Zn/A-LDHs Zn/A1-300 )
and Zn/Al-300 after sulfate adsorbed 1 AVAL00
(em™!) _
Zn/AILDHs  Zn/Al300 Zn/AI300 2 ¥
Vou 3442 3443 4327 = 40 ZwAl-L lﬂ
ot 1630 1618 o)
Voco 1 364 1397
Voso 1164 20— e
Vo 783 793 Mileming
8zm0al 449 442
3 Zn/Al300  Zn/A-LDHs
SO;~ Zn/A1300  Zn/Al4.DHs 03"
2 Fig. 3  Effect of contact time on removal of
1. SO;” Zn/A1300 SO:" by Zn/Al300 Zn/Ald.DHs
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3h  Zn/Al300 Q =Ki" +¢C (4)
. 5h  Zn/AldLDHs Tt (h); 0, t SO; -~
35.05 mg/g. (mg/g); Q. S0;” (mglg); k
Zn/A1300  Zn/Al4.DHs ( min"") k,(mg/( g * min) )
Zn/A1-300 Zn/A1-300 K (mg/( g+ min®%)) ;
Zn/Al4.DHs C .
15 .
 Zn/Al-LDHs 2 Zn/Al-300 SO2°
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SO;” .
. Q to.s
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(2) (3) (4) R 0.998. C Zn/
2 . A1-300 S0;~
Kt
t 1 t
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0. " ke )
2 Zn/Al1300 SOﬁ‘
Table 2 Data of sulfate adsorption fitting to different kinetic models
Q. K, R Q. K, R Ky c R
Zn/Al1300 13. 18 0.4737 0.751 63.4 0. 128 0. 996 3.33 1.86 x10* 0.998
7Zn/Al4.DHs 24.58 0. 8810 0. 819 34. 4 0. 605 0.992 1.58 0. 5476 0.873
2.2.2 pH Zn/A1-300 SO;- OH”
pH 4, 4 Zn/A1-300 S0; -
pH  Zn/Al1300 SO;~ o OH o pH 2
pH 2-~4 Zn/A1300 pH ~4 SO2-
pH 5~7  Zn/Al300 : pH 8  Zn/Al300
o pH 8 Zn/A1300 o+ OH™ H*
o : OH™ S0; -
0 Zn/A1-300 S0;~ .
i Zn/A1-300 S0O;~ .
: 2.2.3  Zn/Al300
S _ Zn/A1300
| t\h#_ Zn/A1300
E | : . N Zn/A1300
pH 5017 5 o
Zn/A1-300 Zn/A1-300 200 ~ 1 000 mg/L

4 pH

Fig. 4 Effect of initial pH on removal of SO;~ by ZnAl-300

S0O;”
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5 Zn/AI300
Fig. 5 Effect of amount of absorbed SO}~
on removal of sulfate by Zn/Al-300

K000 | 00

S0;~

6 Zn/AlI300
Fig. 6
from sludge filtrate on ZnA1-300

Isotherms of SO, adsorption

o Zn/A1300 Langmuir
SO;~ Zn/Al1300 C. 1 C,
802" . Zn/A1300 0. 0.k "o,
1000 ~1 400 mg/L SO~ Freundlich -
° Zn/Al- InQ, = InK; + InC.
300 503" ; Zn/A1-300 "
1 400 ~2 000 mg/L. SO + (meg/g); C,
96% (mg/L); Q.
S02- (mg/g) ; K K Langmuir . Freundlich
Zn/Al-300 o °
SO2- 3 Langmuir ;
7n/ Al300 i R 0.99 Langmuir
2.3 Zn/A1-300 Zn/A1-300
6  Zn/Al300 o ;
. 7208 K Zn/A1300
S0:- 0 ~200 mg/L Zn/A1-300 o Freundlich
SO2- S02° 15.09 mg/ Zn/A1300
¢ 63. 14 mg/g 502" 200 mg/ no1~10 7 Zn/
L Zn/AI300 SO AI300 SO -
76.13 mg/g. 2.4 .
Langmuir. Freundlich
3 o o o
3
Table 3 Data of phosphate adsorption fitting to different kinetic models
Langmuir Freundlich
Zn/Al300
Qn(mglg) K, R Ky n R
288 K 58.61 0.073 0.999 2. 665 3.122 0.921
298 K 66. 10 0.033 0.999 6.432 2. 665 0.958
303 K 112.36 0.017 0. 996 7.345 1. 868 0.914
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7 750 mg/L ) 250
4, mg/L 5
5.
5
= sof Table 5 Cost analysis of adsorbents
| : 25. 0/ 9) 680 17. 00
R | 12.5( 7) 1485 18. 56
- 14.2( 8 ) 660 9.37
7 5.0( 10 ) 2 000 10. 00
Fig. 7 Effect of kind of desorbent on SO.™ desorbetion Zn/A1300 7.6 7 500 5.70
4 5 Zn/A1300
Table 4 Contrast from kinds and 5.7 Ito o
density of desorbents to number Zn/A1300
1 2 3 4 5 °
Na,CO; Na,CO; NaNO;  NaNO,
(mg/l) 0.1 0.5 0.1 0.1 4
(1) Zn/A1300  Zn/Al4.DHs
X 7Zn/A1-300 S0;~
o NaNO, “ .
o Na,CO, NaNO, (2) Zn/A1300
Na, CO, 3h
0.1 mol/L 0.5 mol/L 57.23 mg/g 63.4 mg/g.
63.75 mg/go 0.5 mol/L Na,CO,
o o pH  Zn/Al300 SO;~
pH 2 ; Zn/A1300
N €
4 60 mg/  7Zn/A1300 SO;" o Lang-
8o o muir  Freundlich Langmuir
12 31.2 mg/g. (4) .
o 7Zn/A1-300
° Zn/A1300 o
2.5
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