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Effect of Temperature on Microstructure and Cr(VI) Adsorption Capacity of
MgAl Metal Oxides

XU Li-Hua, ZENG Hong-Yan, LIAO Meng-Chen, XU Sheng, ZHANG Zhi-Qing, Li Qiao

(School of Chemical Engineering, Xiangtan University, Xiangtan 411105, China)

Abstract: The adsorption properties of Cr(VI) on the double oxides (LDO) from calcined MgAl hydrotalcites
(LDH) were investigated. The effect of temperature on the adsorption performances of the LDO was studied, and
the adsorption kinetics and thermodynamics were studied at different adsorption temperatures. The samples were
characterized by XRD and FT-IR to clarify the adsorption mechanism. The results indicated that CrO,> had inter-
calated into the interlayer structures of Mg-Al hydrotalcites. Moderately increasing temperature was beneficial for
the reconstruction of LDH crystalline structure from LDO. In the temperature range of 20°C—-60°C, adsorption
capacity of the LDO was increased with temperature rising, it reached 91 mg/g in the temperature range from 50°C
to 60°C. The experimental data were well fit to the Langmuir equation. The negative values of AG® indicated that
the adsorption process was spontaneous, and positive values of AH° and AS° showed the endothermic and
entropy-increasing nature of the process. The adsorption was consistent with the pseudo-second order kinetic model.
The active energy value was 20.04 kJ/mol, which implying that the internal diffusion was the rate-determining step
in the chemical adsorption.
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BRI AR Cr(VIA 1R S B, (R 35 o
WP Cr(VIYAT Ay FR 52 M0 o 6 DL 30 o W B0 88 ] 5
W) < JeB 7 O o 71 T PR R B R o R, AT —
TS T VB o 4D S ORI PR A5 R AOW LB, %) T i) B
LDO X 7K A& Cr(VDW AT A H F B3 o A TAE
454 XRD FT-IR $iAR, LKA+ MgAI-LDO W it
PRER NI TN S, PRI E AR AT SLIR I Cr(VI) T
BE MRS M A, AT e 1A 2 R T 2550 A RO AT

1 SRE7AZE

1.1 MgAI-LDO 8% #&

MgAI-LDO [¥) il % J7 ¥ 2 B SCHR [3].  HEHFR
Mg/Al FE/REE N 4 1) Mg(NOs),-6H,0. Al (NO3)3-9H,0
(BEE TR 0.5 mol), HIZ: 8 ¥ I/KHEC IR & &
W FUEAREUE BIR B (RE/ NOs FEIREL N 4),
TR IS F LI ) b3 P R i A = D e i TR 5 35
AY, VEIARUA N 400 mL. 105°C s P 5 ) B b
KN 10 h, 80°C &4k 10 he Hhdk. PRk, T, 4
MgAI-LDH, i’y LDH. #7rHEafE 500°C o GerT
#] MgAI-LDO, it} LDO.

1.2 Cr(VI)I%pt

53 MAEAS TS (204 30, 40, 50A160°C) Kk
17 VAW R G o A5 FRER0.10 gfILDO, 45 E T
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g.=(C.-C,)V/m (1)
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Fig. 1 XRD patterns of the samples absorbed Cr(VI) at
differemt temperatures



%5 0

TRELAE, S5 WEHHEL RO MgAT < S M oW 5 4 AR B Cr(VIPE BE ) 5% 531

), VLT 60 CHR BIHFE S 45 SR s A B Z5H
%, LDH. 20. 30. 40. 50 Al 60°C WA 1
doos 1H 23 9124 0.7562.0.9589. 0.9258.0.921. 0.9041
0.9023 nm, MgAl-CrOy ] doos 94 0.903 nm™, 1]
FE S CrO 248 N LDH J2 7], S0 22 ) B4 K
212 FT-IR 9k

2 4 LDOZE AN [l [ R W B CrOL* J BT 434
i FT-IRE G .t 20T %0, Brf#F b 2 A LAl i
MgAUK I A 40 SMEEAE i g BT, M F-LDH, W b
CrO,” FESAESST em ' HEUTAT — Fr & B, %16 Ny
J2 T CrO,™ [ Cr—OFR Zh ), WY B 3 (1 T, %
W AT U ) s e A5 A% HLUE B 5, m e 2 b TR B
YR T A CrO > 5 J2 18] 45 i H,0 802 B —OH &
B IR) Cr— OB 3 5 ¥ 5 i, 2 W U i 3 iy, WO B
I CrO” (& B % . W BERE 721375 cm ' Ab A
683 cm ' AbCOs> WIS A4 53 K8, 1140 cm ™!
Kb 55 C-OfH 45 R S 0 2%, & W J2 1R 47 4ECO5™ )
TR ANKFEE, XPEEZ M TLDO “id {28y ” &
RN CrO >4 N JZ 0], [7] I 3R5E h /b B COs™ i )2 .
W BRAE SR E 1651 em ' AT HLO 125 i HR 5004
2.2 LDO B Cr(VI)IMi#h %
221 MR A4

X LDO Wit Cro 2 HisemmE 3 piox,

; 555
114(
LDH ’\F\,\/
3447 261
60°C J/‘/_\
—_ 0%
=i—\ 50T /'_\ A
é\ 30T /—P\‘WN\N
= — /«
- - A
\ 20T 16511375 /\
*\M’\
779
L 1 L 1 L 1 L L L | 1 L 6]83&-{
4000 3500 3000 2500 2000 1500 1000  S00

; -1
Wavenumber / cm

B2 AFEEFEWRE Cr(VDFE R ML oh e i
Fig. 2 FT-IR spectra of the samples adsorbed Cr(VI) at
different temperatures
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FHISE T, CrO” W It B AU AT B TE, 2 mi A
Yo 455 XRD M FT-IR 73, il BEm, Wb Et)
B b 45 B BB, K CrOy® W B s .

WG o 45 i 42 2 1 R R B I R () 22 B B A, LDO
WL B Cros™ W25 2k 8 T 1 R 2k, R
Langmuir (X, 2)H! Freundlich(z, 3) /7 F2 ik ", 4
P4 A FH v R B R R A b 22 s B0 UEASE IR fy ]
fFRE. H, g FIRE KM 5 (mg/g); qe: ~FHTL
b 5 (mg/g); Co: W V873 B (mg/L); b Al n 435
Jy W B 45 W 2 B . Langmuir W B 25 35 2R
Freundlich W b 55 X LG S BNE 1.

i .

9. b c 4,

lgqe :1ng +llgce (3)
n

H3E 1 ATAN, 75 Cr(VDHIEAI A 50~600 mg/L.
pH 6.0 F1 20~60°C ¥ J& Yo [, Langmuir %5 545 74 1)
WA R R >0.99, Flbri2s s ¥J/N T Freundlich

% 1 Langmuir # Freundlich B M5 £ %51
Table 1 Parameters of Langmuir and Freundlich model

Langmuir Freundlich
e (mQ-mL/’l) e bi(Lg" 2 Jee/(mg-L ! 2
g (mgL ) L-g) R s n F/(mg'L) R s

20 76.20 76.20 10.4167 0.9930 0.0004 6.5789 30.9742 0.8668 0.0410
30 115.32 115.30 23.2558 0.9945 0.0008 5.6180 41.9759 0.9799 0.0008
40 142.06 142.04 42.0168 0.9936 0.0006 5.0761 52.3600 0.8622 0.0798
50 155.00 155.00 50.0000 0.9951 0.0009 5.4348 51.4044 0.8870 0.0665
60 157.69 157.01 100.0000 0.9954 0.0007 5.8480 61.3762 0.8697 0.0770

*Om: Maximum experimental adsorbing capacity (mg/g)
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Fig. 4 Change of LDO adsorption capacity to Cr (VI) with time
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Table 2 Kinetic and diffusion parameters of the Cr(VI) adsorption
e Pseudo-first-order Pseudo-second-order Boyd W-M
ky/min’! R? s ko, (g-mg'lmin'l) R? K Ry R? K; R?
20 0.0312  0.9941 1.6131 0.0003 0.9962 0.0311 0.0261 0.9533 6.5581 0.9763
30 0.0420 0.9977 1.3373 0.0004 0.9965 0.0287 0.0280 0.9497 9.1976 0.9687
40 0.0615 0.9968  1.6489 0.0007 0.9955 0.0234 0.0543 0.9067 10.9090 0.9517
50 0.0639 0.9947 2.1821 0.0008 0.9942 0.0217 0.1008 0.9093 12.3047 0.9501
E 20~60C lj‘] ) I]& I}ﬁ *‘ IIIEIIII le’l: EEliEIE Eﬁ‘/ﬁ'ﬂﬁﬁ %55 with layered structure. Journal of Inorganic Materials, 2004, 19(6):
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