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Adsorption Applications of Acid Blue 7 on Mg/Al Layered Double Oxides and
Mechanism Study

Zhu, Haitao Ni, Zheming* Xue, Jilong
(College of Chemical Engineering and Materials Science, Zhejiang University of Technology, Hangzhou 310014)

Abstract Layered double hydroxides (LDHs) have received considerable attentions in recent years owing to their unique
layered structures. Their general formula is [MlzieriJr (OH),1(A" ),/ *mH,0, where M is metal cation and A is an ex-
changeable anion. LDHs are layered materials with hydroxide sheets, where a net positive charge is developed on the layer
due to partial substitution of trivalent for divalent cations, balanced by exchangeable charge compensating anions and water
molecules, that are present in the interlayer space. The adsorption property and mechanism of Acid Blue 7 (AB7) on MgAl
Layered double oxides with 3 : 1 Mg/Al molar ratio were investigated. The adsorption of AB7 on MgAIl-LDO was carried
out using the batch method. We changed the dosage of adsorbent, pH value and initial dye concentration to study the influ-
ences of various factors and then calculated the maximum capacity of AB7 adsorbed at equilibrium (Q.) and percentage of
adsorption (%) respectively. The results of adsorption experiments indicated that the maximum capacity of AB7 at equilib-
rium (Q,) and percentage of adsorption (%) with a fixed adsorbent dose of 0.33 gL~ were found to be 446.9 mgeg™' and
99.31%, when AB7 concentration, temperature, and pH were 150 mgeL ™', 288 K and 6.74, respectively. Adsorption iso-
therms showed that the adsorption process was consistent with both Langmuir and Freundlich equations. It was also sponta-
neous and exothermic. The Gibbs free energy was calculated to be 8 to 10 kJemol ' because of hydrogen bonds between the
layers and dye molecular. According to the calculation of Materials Studio5.5, a periodical model of MgAl-LDHs was estab-
lished in hexagonal (2H) stacking sequence, containing MgAIl-OH as host layer and CO3~ as guest anion, that is the
host-guest interaction model with CO3~ in the position of hep-Al. The mechanism of adsorption process was that the ma-
jority of AB7 were adsorbed on the surface of MgAl-LDO. The regeneration for re-use of LDO after AB7 sorption was feasi-
ble with four cycles.

Keywords calcined Mg/Al layered double hydroxides (MgAI-LDO); adsorption; mechanism; Acid Blue 7
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Figure 1 XRO Patterns of (a) LDHs; (b) LDO and (c¢) AB7-LDO
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Figure 2 FTIR Patterns of (a) LDHs, (b) AB7 and (c) AB7-LDO
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Table 1 Atom charges and Mulliken bonding population of LDHs-COs

¥ LDHs-CO; 74T Mulliken FE{7 A7 & 20 #7153 1
Mulliken HLfgAf Ji DA SCBEAT B AN 1 . K LDHs
JARRRN 2 8] 43 A R AR A A, SRR 42 BRI
F|+1.85, R HET MNZEME 7 2R %R, 2
[BI4EH Jy3 K. € LDHs-CO; , AP F1 Mg® Iy i A1
JE53 1A 1.46e Fi1 1.68e, Mg—O(Al) {18 Ai 5 4 —0.48e~
—0.58¢, Mg—OMg)FIF¥8EAL fE4: —0.70e, Al—O
PR A 5 M 0.38e~0.40e. M Mulliken Hi fuf A1 R 5 A Jot
el 1 B O g e L W e e e i 7 PR
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2.4 FEIZFERVIEKE RS0

3 4 535 7R T 500 °C R RRBE 4 h AR LDO
YT E UL T, pH=6.74 [RIAS[R] LRFA BE 16 B W B 1 0

Atom charges (e) Bonding population
Al 1.46 0.40 Al—0(2)
1.67 Mg(1) 0.39 Al—0(6)
Mg 1.68 Mg(2) Al—O 0.40 Al—0(8)
1.69 Mg(3) 0.39 Al—0(10)
—1.08 0(2) 0.38 Al—0(12)
—1.08 0(4) 0.39 Al—0O(16)
—1.12 0O(6) Mg(1)—O0(6)(Al)
O(layer) —1.13 0O(8) Mg(1)—O(16)(Al)
—1.07 0O(10) Mg—O(Al) —0.48~—0.58 Mg(2)—O0(2)(Al)
—1.08 0(12) Mg(2)—O0(12)(Al)
—1.09 0O(14) Mg(3)—O(8)(Al)
—1.08 0O(16) Mg(3)—O0(12)(Al)
0.39 H(02) Mg(1)—0(4)(Mg)
0.40 H(04) Mg—O(Mg) —0.70 Mg(2)—0(4)(Mg)
0.38 H(O06) Mg(3)—0(4)(Mg)
H 0.39 H(O8)
0.39 H(O10)
0.40 H(O12) O—H 0.59
0.40 H(O14)
0.38 H(O16)
C 0.77 Cc—0 0.81~0.83
—0.56 0O(18)
O(interlayer) —0.56 0(20)
—0.56 0(22)
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Figure 4 Effect of initial dye concentration on AB7 adsorption
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Figure 6 Effect of adsorbent dosage on AB7 adsorption
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Figure 7 Effect of initial pH on AB7 adsorption and equilibrium pH
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Figure 8 Effect of temperature on AB7 adsorption

%2 LDO Wi} AB7 (¥ Freundlich DA & Langmuir 4536 W i 5%
Table 2 Langmuir and Freundlich isotherm constants for adsorption of
AB7 by LDO

Freundlich Langmuir
T/K
Ky n R’ Ky On R
288 439.0  0.9158 0.9735 0.2148 435 0.8915
298 3449  0.9089 0.9990 0.1816 430  0.9655

308 219.2 0.9931 0.9919
328 168.4 0.9664 0.9722

0.08860 435  0.9973
0.04864 435  0.8703

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Table 3 Values of thermodynamic parameters for AB7 removal with
MgAI-LDO

T/K Inb AG” /(KJemol ") AH® /(kJemol ") AS® /(Jemol 'K )

288 4.537 —10.86
298 4.358 —10.79
—30.90 —68.97
308 3.652 —9.351
328 3.052 —8.322
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Figure 9 The ideal structure model of AB7 adsorption on LDO
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Table 4 Sorption heat caused by different forces (kJsmol ')
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Figure 10 Effect of different batch of sample on AB7 adsorption
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Figure 11 Effect of calcined times on AB7 adsorption
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(2) WMHHATERI LW, AG” K HUEERY] AB7
76 LDO kW B ek B 02 — AN F 19 4 H I it 3 7,
AH® =—30.90 kJemol " Ui WAL it 172 Atk FLBAS
UL PS8 (¥ T i, VBB S5 N BT 5 1 e e BRI, R =
Hi LDO T-GuleHY] 257 R4 ple iy AU B I 265 7 2, 120 7
BRI T AN T B ALK AT, (R B e
(FI30EAT

(3) ¥yt LDHs J& I, i 398 v 5 1 2
LDHs MR RS IE R, JF5 A ABT 7)1 R
BEAT XL, 9B B v AR 455, UEW] LDO X
ABT W B2 R TR AR I 45 2R, Rl I 5 4oy 20t
SRR 2 R

4 SRIGERS
41 HEHHE

KRGS vER Y, iR R Ry 3
1 ] Mg(NO;),*6H,0, AI(NO;);+9H,0 &AW 200 mL,
FiBC ] NaOH, Na,CO; VA 200 mL, K P55 43 7l {51
NP S R 0 - DU il LS T O
100 mL 2537 /K 1) = R S o, 1R =10
JEFENBCT e PE 3% b, bl ik g JF HARFF pH
HAE 9.5~10.0 Z[8], ¥ IN5E f5 44 L4 FE 30 min, 133
tRSRYTTE, FIHE TR T 60 C itk 24 h, JEKBE
o, T, B, i 80 H W, BE A MGAH K
MgsAly(OH),sCO5+4H,0 7K Hf £7.

¥ ik Mg;Al-COLDHs Jit T34, & T 500 C
(115 g b k5% 4 h, TS E] LDO. fREFTE, FFH.
42 RMISIE

FE—41 250 mL (1) = VB R N — 2 2 B 5
MgAI-LDO, I8 100 mL AS[A]38(25~150 mgeL ™)
(1] AB7 %, B TEE K, EA R SR pH
AT EE—E IE], 7E 3000 remin~ ' 454F 250 10 min,
I _F Z0E WO S 2550 AT Lo e e B AE B K
637 nm AW, 3 ARSE () FI2) TH R B R0
Wh AB7 WL 75 Q. (mgeg YRIL R n(%).

0.=(C—CIVXm (5)

n=(C,— C.)/C; X 100 (6)
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e, € (mgeL ™ YRI C, (mgeL™")53 S A W) AA R A
W ABT [PIREE, V (L) AW HIARTR, m (2) 0 B I
I
43 HREME

MgAI-LDHs, MgAI-LDO LA Jz ik 21 W B} 1~ 167 1)
MgAI-LDO(AB7-LDO) £ ik 1 gt Ak 2 J5 I 11 F (1 3%
fE: JH Shimadzu XRD-6000 4 X HF£H K ATHHY(Cu
# Ko S126, 40 kV, 30 mA, A 4 0.1542 nm, #f)J% 5 H
5°~80°)iMll 5 K i (1) A AR &5 4. K Bruker Vector 22 7!
A LI AR SR LT A G T RE S I Z5 R (FE b 5 KBr (1)
JRE LA 11 100).
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