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Kinetics and Thermodynamics for Anionic Dye Adsorption on Calcined
Layered Double Hydroxides
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Abstract: The adsorption thermodynamics and mechanism of acid red 88 (AR8S), acid orange 3 (AO3) and acid
violet 90(AV90) on MgAl Layered double hydroxides with 3:1 Mg/Al molar ratio were investigated. The adsorption
isotherms were measured at different temperatures, and the functions of thermodynamics were also calculated. The
results indicated that the adsorption process on MgAI-LDO were well consistent with the Langmuir equation and
were also spontaneous and exothermic. Three kinetics models were used to describe the kinetics experimental
data, and it was found that the pseudo-second order kinetics model was best fitted. The Gibbs free energy was
calculated to be 7 to 15 kJ-mol™ because of Hydrogen bonds between the layers and dye molecular. According to
the calculation of Materials Studio5.5, the mechanism of adsorption process was that most dye anions were

adsorbed on the surface of MgAl-LDO accompanied with intercalated into the layer.
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Fig.1 XRD patterns of (a) AO3-LDHs, (b) AV90-LDHs,
(c) LDHs, (d) LDO, (e) AR88-LDHs
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Table 1 Atomic orbital populations of LDHs

System H 0 C Al Mg Cu
Initial electron distribution Is! 2s2p* 25s2p* 3s%3p! 2p°3s? 3d"%4s!
Mg Al-LDHs 150 251880 25080 35093p0% 2393500 _
%2 LDHs ¥ Mg-O 5 Al-O F# K
Table 2 M-O(M=Mg, Al) bond lengths (nm) of LDHs

System Bond L, L, L L, Ls Le <L >

Al-O 0.192 3 0.192 6 0.193 1 0.193 4 0.193 9 0.194 6 0.193 3
Mg;Al-LDHs 0.204 5

Mg-O 0.205 3 0.206 6 0.208 3 0.209 1 0.209 7 0.210 2 0.208 2

3o i I AR 3 AT, T E A [ D T
SR L LA BN [ LB A AL 2 s rh i MR T, AR S
F 5 MgAl-LDHs J& U PERCARY I8 b #ie 1 H 5 i 5
JEF BB M-O(M: Mg Al)/\ T 45 K ik £ 22 8] (Y
M, MRERFHRENEFSHE.0HN
2s2pt H N 1s',C A 2s2p%, Mg A 3s%2p°,Al K
3s23p!, TEJE AR ) 5] A BRI AR AT 04 1
S I BLE AR JR 3% 1 FrzR , MgAl-LDHs H R E 73
Mg Al [ p BUE AR T2 3, 0P Y s B )
KA BB HE Mg AL B R A 2 ) A B A
ARG H b | BRI IR R B EOK
A R SR EE T, AT/ HT T MgAl-LDHs H?
% MOs(M=Mg, Al)/\TH A1 6 1> M-O B8 (-
Lo) SAF R PIZ AR A4 M-O BERSF-E{EN, H 3R 2
A, 7E MgAI-LDHs 1, Mg-O 1 Al-O A K Z
gy BUE 2 E S AR L, B Mg-0 H AL-O 8 K 4%
KX 52 g — 850, XKW MgAl-LDHs 12
Me 2 i Mg-0-Mg F1 Al-O-Al #4 5% [ MO4(M=Mg,
A/NTHARZH B, 250 258 F /KB Mg(OH),.,

32 WHMEREBERBAZSH

IR 45 T A I8 7E — A IR BNV BT 43 TE P A
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& 3 LDO %K ARS8, AO3, AV90 B Langmuir #1 Freundlich % M &R 4 5 %
Table 3 Langmuir and Freundlich isotherm constants for adsorption of AR88, AO3, AV90 by LDO
e Langmuir Freundich
Qu/ (mg-g™) K./ (L-mg™) R n Ki/ (L-g") R
ARS8 25 2 000 0.185 0.984 0 0.283 7 516.25 0.888 6
35 2 000 0.143 0.939 3 0.517 2 303.51 0.9355
45 3 333.33 0.081 0.972 1 0.746 7 267.41 0.975 4
55 2 000 0.084 7 0.971 7 04420 312.97 0.904 6
AO3 25 5 000 0.039 2 0.969 1 0.640 1 288.36 0.949 3
35 10 000 0.012 8 0.928 9 0.510 1 313.66 0.763 7
45 5 000 0.016 4 0.943 1 0.586 3 199.16 0.848 9
55 1 666.67 0.027 2 0.962 5 0.593 9 77.66 09710
AV90 25 33333 0.027 0.852 4 0.308 5 612.04 0.786 2
35 5 000 0.009 0.920 3 04233 317.44 0.811 6
45 5 000 0.005 3 0.866 5 0.555 6 149.95 0.818 8
55 3 333.33 0.004 2 0.990 2 0.561 3 81.15 0.996 5

# 4 MgAI-LDO W Ff AO3, AV90, ARSS I /1 Z S #]
Table 4 Gibbs free energy, enthalpy, entropy changes associated with AO3,AV90, AR88 adsorbed on LDO

ARB8 AO3 AV90
r AG®/ AH® / AS®/ AG®/ AH® / ASe/ AGO/ AH® / ASe/
(kJ-mol™) (kJ-mol™)  (J-mol™-K™) (kJ-mol™) (kJ-mol™)  (J-mol™-K™) (kJ-mol™) (kJ-mol™)  (J+mol™-K™)
25 -14.661 9 -13.085 6 -11.13
35 -14.488 7 -12.4355 -9.82
-19.41 -15.71 -39.31 -87.55 -49.65 -129.12
45 -14.811 9 -11.656 9 -8.69
55 -14.004 4 -10.401 2 -7.21

FH Langmuir 5 £ 58032 W B 2o 8 9 #8022 2800 IF
MR B R )2 25 L A 1 1 BE(AGD),
W B K5 (AH ©) S W B35 (AS©) S I H e IR 6 27 3t e it
M PEBERYSZM SR H R R 9 T7 72 (5)P2ok 115 ik %k
i

AG® = -RTInb 5)

R Fm M SR E B, T RORIEE (K),b A
Langmuir % 4% ,6=K, Q...

AS°®

HR A8 Y47 86 K J7 F£(Van't Hoff model)lnb= R

AN ), R LA W9 75 1 b 3F 1T f L,

3] — M A R BRI 2R, Rl S ke
A LSRAS AHO K ASO, A — S5 T3 4,
AHOR A BB MgAL-LDO W B 2 1 e b 2 — i
g e, H AHOE/NT 50 kJ-mol™, X U] MgAl-
LDO X B Ak 73 1 W B sk 2 S 49 2 2 B O A 3 ik
2 S R T 2R | R 3k 3] b 2 B D 24 BT 7 i Y B 2 60

kJ-mol™", W BY H H1 68 AGOE 1T LA ST W B aod 52 4 5l
TR AGOM A X BB R, 3R B 4 3 Bk
SCHR B B W B R Y E R BB (—=20~0 kJ - mol ™)/
TALZE R (~400~-80 kJ-mol )®!, M 4 7] LI
th 7 25~55 °CIa] ,MgAl-LDO Xf 3 Ff Lk 0 fff b i
1) AGOTE-7~-15 kJ-mol™ Z [H] , % W] MgAl-LDO "
BB B - Rk ok B2 B R BRI T ASS R
B UL IR W Bt A e, AR R A BOOE AR T i
GRHYT RS+ LA — & 19 HE A 0 200 2 K i A 2 ]
BAMK R A B R,
33 WM SRR

Bl J A BRI MgAl-LDO XJ B &5 7 4Lk
W Y 3 23 3 4 0 AT B 1 S W ML, 7E pH=10 & A1F
U SR EE T=25 35,45 .55 °C, 43 Bl E A
[F] I B2 T MgAl-LDO X B &5 G4 BHES W AR ¢ B 210 1Y
W B 25 Qu(mg - g, FAR 48 E — SR T (7)1
T AR )T (8) N Elovich J7 2 (9) 1F 81 JF #4174k
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TR T2 TT R Q=1(kQD)+1Q. 8)
Elovich 77 Q,=BIn(aB)+Blnt 9)

Horfr; Q. 8 B B et (mg » g') 5 Q4 ¢ IF 2B I
B 2t (g - o) 5o A R AR ISF 1) 5 Ay A — G0 3R R AR
(min™) 3k, A THE R E B (g mg ™! min) ;a0 (mg -

x5

g™ min™) A WA W BRI 55 B(g - mg ™) o B A R

TS ONEWE T H 3 R [E 8l ) 2 6 50 X
MgAI-LDO W BfF B 85 5 e il B2 i A7 4005 B A (0 45
BN 5 T LAE W E RN B Sy SR R A BT
A5 1) B0 W B S 3 T S SR {E, HLAE 25~55 °Clil
HZVEA OC R BRI T MgAl-LDO X iR
el 0 W B 2h 7 2 3 B B A B o R UOR DT R U
BT 3 19 KL TR] (10 VR 6 3 23 52 1) I I 590 45 i 4 0 9
BT YR b e B 1) R S

BE—RHNFEE RN FEBNY BEE W FERE K, k)EXRHRY

Table 5 Kinetic parameters (k, and k,) and correction coefficient (R for the pseudo-first-order,

the pseudo-second-order kinetic model and Elovich model

Pseudo-First-order Pseudo-second-order Elovich
T/ Col esp ! e | kil e | ks /(g
< (mg(‘)lfl) (Y:)g':%’]) ("i%'lg’l) milff' r (Wi'i‘%’l) mgj'fin") r K
ARS8 25 200 978.1579 432.51 0.0124 0.929 1 1000 6.17x107 0.9999 0.666 8
35 200 966.809 2 283.64 0.0289 0.8723 1000 7.69x10° 0.9999 0.648 5
45 200 951.5132 336.5 0.0458 0.9547 1000 2.63x10™ 0.998 1 0.9790
55 200 935.5592 2265.84 0.064 8 0.9514 1000 3.85x10™ 0.9979 0.8250
AO3 25 200 974.487 5 3053.98 0.023 8 0.9202 1111 6.38x107 0.9957 0.924 6
35 200 961.329 6 1725.38 0.0410 0.976 9 1000 3.03x10™* 0.999 0 0.7185
45 200 945.1247 210.67 0.0809 0.8513 1000 5.56x10™ 0.999 8 0.608 8
55 200 791.080 3 204.51 0.1214 0.974 1 833.3 8.0x10* 0.999 8 0.678 4
AV90 25 700 2755438 1100.48 0.0324 0.965 5 2500 3.72x107 0.997 6 0.7356
35 700 2702.729 1591.13 0.0326 0.986 3 2500 5.33x107 0.999 4 0.8553
45 700 2661.979 2006 0.0340 0.967 2 2500 9.41x107 0.999 5 0.888 1
55 700 2017.313 735.61 0.0423 0.973 1 2 000 1.04x10™ 0.999 7 0.9520

Sy A I 6 sz g Y A ik B SR Arrhenius 2
X h=de 0 REALRE E, ok R R
AR E BT - mol - K, T AT 240 (K) , A N H
B, InK, X T AEESF AT LA AR 98 AR
R AR ARE , WA 3 BT, MgAl-LDO W fff
AO3.AV90 ARS8 i & M W& fb A& 4+ % A
67.23,29.83,54.56 kJ-mol ™", Pl 3% W B iof 72 2
MgAl-LDO 5 BH B YL bk 22 [a] 1) 52 07 3 2 44 it 15 A
SR Z B BER
3.4 WRHIHEE

MgAl-LDO 7 7K A 450 Bl v 52 WOSC Wb i) B s
¥, EM K AR AR A5 R R R R MgAlL-
LDHs, Pt | 7675 15 B 55 1 G s 78 02 B 550 (v e
LB | 75 253 50 A 58 MgAl-LDHs #1 MgAl-LDO ™
PR ME BT, B 5 LDHs At LDO B4 i 5 iy e if
PE BT ,MgAl-LDHs 1 LL R T AH 40~120 m?-g, &

ik 450 CHibe)E R BK T R B iR i 2 b
A JZ A AE A RE 2 TP 1K & /9 FL B LDHs 3 i %
o 4 S 20 0 oy B 2] W LG i 2 S AL MgAl-

0
o AO3: y=-8.079x+24.26
1 e ARSS: y=-6.556x+18.67
= \ A090: y=-3.584x+8.357
g LN
- [
£ e N
.E 2 - S A
o ~
=5 o
= A -
g 3 . - .
§ ~_
A— .
.
o
-4 I L }
3.0 3.1 32 33 34
103/ T/ K

3 LDO MR RN b InK, 5 1/T X R
Fig.3 Relationship between InK, and 1/T for

adsorption of acid dye
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Table 6 Gallery height, long axis, short axis and the thickness of AR88, AO3, AV90

gallery height / nm a/ nm b / nm ¢/ nm
ARS8 0.335 1.3250 0.840 0 0.283 5
AO3 0.326 1.5450 0.708 5 0.495 0
AV90 0.327 1.538 5 1.2250 0.728 5
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Fig.4 Mechanism of AR88, AO3, AVI0 adsorption on MgAl-LDO
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