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“Memory Effect” of Mg-Al Hydrotalcites and Its Chromium(V1) Adsorption Property
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Abstract: Mg-Al hydrotalcite (MAH) with high crystallinity was prepared using urea method. The “memory
effect” and the chromium(VI) adsorption property of Mg-Al Hydrotalcites were studied. The MAH, recon-
structed MAH (RMAH), calcined MAH (MAO) and calcined RMAH (RMAO) were characterized by XRD,
FT-IR, SEM and DSC as well as self-deconvolution analyses. The results showed that the MAH and RMAH
possessed a layered structure of hydrotalcites with high crystallinity, and there was little difference in crystal
structures and charge density of brucite-like sheets between MAH and RMAH. The brucite-like sheets were
still held in MAO, and a little remained in RMAO with more MgAl,O,. The adsorbility of Mg-Al
LDOs(MAO and RMAO) to Cr(VI) anions was substantially higher than that of Mg-A1 LDHs(MAH and
RMAH), mainly because of the structure “memory effect” of hydrotalcites. The adsorbility of the MAO was
higher than that of the RMAO. The adsorbility decrease of the RMAO might be due to the increase of the
content of spinel MgAl,0O4 phase and the decline of brucite-like sheets in RMAO that resulted in the descent
of the “memory effect” reconstruction property. This newly discovery for anionic clays is useful for the de-
contamination of waste waters. The Mg-Al hydrotalcite can be considered as a potential material for sorption
of anions in wastewater treatment systems.
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Ak, R Mg-Al LDHs Kb 248 (Cr(VI))
PEKR B2, Cr(VDI 25 F7E Mg-Al LDHs L1y
W Bt T 3 Ay S TR) 2 - A 68 R R A/ 2 THTWR B, 413
THI RV B 2 A A2 B S A DR N J2 4% G P R
HLAE T AM 2 45 S B Mg-Al LDOs % Cr(VI)
B 9 1 %) 8 W B e D0 U T LB M g5 4“2k
7 BT Mg-A1 LDHs “A84Z 308 ” 259 5 3
X Cr(VI) B1E IR IR OC R g dse 2. Rk, A
“CUAZBN” G1R ) Mg-Al LDHs 45 4 1 i 11 A%
e %, % Mg-Al LDHs  “iCAZ2% 0 7 W b 5 ik
TR, ¥ RS T % Mg-Al LDHs(LDOs) W Ff
Cr(VI) B 7 EIR R AR, Xva K R Y] e 1Y
YA —E R X

1.1 KigARH &

FRER 0.20 mol 43 Hr4L ) Mg(NOs),-6H,0 F10.05 mol
AI(NO3);9H0, BL JK & (urea) & Ui W&
(n(urea)/n(NO; )=3/1), #3CHR[S]M 7 %414 Mg-Al
LDH £, i 4 MAH. MAH £ 5 LA 5°C/min THE 5
500°C, KikE 4 h R HIRENE, ke BAE L=
Mg-Al LDO, iy MAO. ¥ F¥ MAO & Ti&E &
(1) 0.3 mol/L T8N Eh i rh e iR 4R % 4 h, PrfSHf
AR, T, 153 “id12” Mg-Al LDH F 8, id
4 RMAH. # RMAH #ih LA 5°C/min FHiff 42 500°C,
JEle 4 h G, AEIRER, R D elEsA T
¥ Mg-Al LDO, itk RMAO.

12 KiBARLERZE

K H A2 D/IMAX-3C B0k S T4 4% (CuK o,
40 kV, 30 mA, 1438 5 O 2°/min)BEAT 45 84 73 7
H 2& # PE 7/~ 7] Specrum Qne B {37 - AR ¥ 21 4h
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R H A % 3.0 nm, IKE 0 #F% 4.0 nm; H
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1.3 WA =*

I KoCroO7( 73 28) Al =X 28R /KBC il 100 mg/L
Cr(VD)BER. 43 51HX 200 mg Y] MAH.RMAH #1100 mg
() MAO-RMAO #8334 100 mL %4 100 mg/L
(1 Cr(VDIEH R, KRR ORI 4% 3 4 e
I 25°CHR3% (150 t/min)24 h, BT E, W58 &
Cr(VDIRJE, AR ETE Cr(VD R
Wt 5 ().

1.4 Cr(VOEBEFRERNE

Cr(VI) B B 19K B2 K H [ X bR fE(GB7467) &
i 1 — JWE(DPC) 6 B vE Ml s, = N H A H A7
U-3400 8455 66 R v e W B2 R PR FU6S Cr(VT)
BH 251 I B 2 O S R

0= (Co—C)VIm

Hrp: Co b Cr(VD) B ESF WG A B (mg/L); C,
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(FIARFA(mL); m W B 75 & (mg).
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Fig. 1 XRD patterns of MAH, RMAH, MAO and RMAO
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RMAO ' MgALO, 2 A1 S s34 I, 76 110, 23°,
35040 FR(003) (006)F1(009) 7K H A7 i T 777 5hF W A i
AT, B RMAO 35k A7 2Rk, N 2 AT 4,
RMAO ] dygo fH EL MAO )7\, RMAO fki ) ~F7E
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—OH 4 #= sh Al 2 (8] /K 43 A 4 9% 2h 41 (OH-HOH),
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2 )2 W B 7K R 2 ] DX 5k 45 i K 10 4R Sl R E U
It 4 RMAH F W W6 8 MAH (854 20 em ™', 26 1]
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R R A 0 53 S0 6F I C O™ (14 5 6 R AF 45 9 20 () A1
[ FRES AR S (ve). T 781 em™' AbSEKFI-OH K
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Ji FT-IR & il 5 MR SC U 0 T35, TG 1l o s R
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RGBT FE b AL B PN R 4. B 2(B). 2(0)s
2(D)43 %8 MAH #l RMAH [£] 2600~3600 cm™' .
1000~1600 cm™'. 600~1000 cm™" #5 FT-IR 24547 ]
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2927 cm™ AbH W WO, b O 2 E) K RN T
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M Jy 1348 cm Al 1408 cm ' I, FEAE 1051 cm™
Ab HBLE . T RMAH JF oK LR, R RMAH
1] H,O/CO5> BEJR LL i K™, Tl 66 11 MAH 70 4%
Beit BErh, SRR GE M R ZAE T T COs” i Y 3
IR, AR B SLTE R RMAH B, T 755 T A
DAY Mt 7 2 B Bl CO5° 3E A JF A3 R0 HE 51 7
RMAH JZH a1, AT A RMAH JZ 5] CO5™ (¥ H ik
b HAR RMAH )2 7K 70+ Prig/b, {H RMAH
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Table 1 Calculation of lattice parameters and basal planes for MAH and RMAH

d /nm

Sample (003) (006) (009) (110) a /nm c/mm  FWHMp;/(°) Dys/mm  FWHM/(°)  Dijo/nm
MAH  0.7649 03802 0.2573 0.1523 0.3046 2.2947 0.596 13.6 0.464 20.3
RMAH 0.7675 0.3811 0.2574 0.1523 0.3046 2.3025 0.734 11.0 0.672 13.9
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Table 2 Lattice parameters and basal planes for (R)MAO

d/
Samples om a /nm FWHOMZOO Do
(200)  (220) (°) /nm
MAO 02096 0.1477 0.4192 1.501 5.7
RMAO  0.2094 0.1207 0.4188 1.473 5.8
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38 22 F0 2R A5 A6 T AT R (1),
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2159y SR KM A R R B (R S IR e ). 5 1 A
W BRI e A2 AE 50~300°C, S o 3 T W B K 22 i) 7K
(PR, 28 2 AN ARG A A2 7E 300~600°C, X WY 2 (]
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WS FAUEE 35 v v il JE A A%, SR P AR e T, X
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P, EEOY R AI-OH iR, 0] RMAH
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iR (K 1, £ 1). K 4(B)& MAH Al RMAH (/)
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Fig. 2 Original and deconvolved FT-IR spectra of MAH and RMAH

(A): Original FT-IR spectra in 5004000 cm™'; Deconvolution in (B): 2600-3600 cm™; (C): 1000-1600 cm™; (D): 1000—1600 cm™
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Fig. 6 Adsorption capacity of samples
70
68 [TX]
< ]
S 66 [N
g A
2 o%ed
Al
T 62| [N
e ]
z o K] s
© 2] e
58 ?ﬁt! I?ftl
et el
o L_F5 , e
MAO RMAO-2 RMAO-3

K7 MAO T 3R B0 Cr(VI BT 1 W B 2R
Fig. 7 Effect of repeating use cycles of MAO of Cr(VI) anion
adsorption efficiency

EAY &, £YMAO & Frl R ARG R
(K] Cr(VI)BH 17U A4 L

3 4 it

FERI “iC1Z” RMAH FIHTA MAH [ 26
IR R 2 50 AR AN, 5 LA 4 i R K IE A
JRIR ARG ML, Wt Mg-A1 LDHs 3545 1)
UL . MAH £ 577 MAO 518 B 2R
458, RMAO RS MIA I, (HA7AT 2R 45 e 5k
B, H MgALO, R A dAH & =3, 8L “id
127 FHIRE ST R

Hol “Id 2 20% 7 B REY Mg-A1 LDOs 1)
Cr(VD) P25 7R i g Js KK T Mg-Al LDHs.
T HE MG F R RMAO “idi2” EIEE
TEPR, HXF Cr(VD B I 8 MAO A i T B
MAO TEFE ] 4 Ik, A EA R A Cr(VD) T Wt
o Bl R A B AR KA B K f
Cr(VI) B 2515 G iR Bt 1)

2% 30k

[1] Bk 2, xUmeds, SLSCH, 4. KM A ThRe k. o



880

TN MR IR

26 %

L L, 2008, 37(6): 539-547.

RIEE, P, 2B, %(XU Shu-Feng, et al). Mg/Al M 4x
JR AT Cr(VI I B 7 2 R A 22 WL B T R 4k 2 4
(Journal of the Chinese Ceramic Society), 2009, 37(5): 773-777.
WS, )7 E, £ (ZANG Yun-Bo, et al) Cr(VI)TE Mg-Al
RFK I A LR BB BRI T 1 MR B . Ak 2% 2% R (Acta
Chim Sinica), 2007, 65(9): 773-778.

WOBE, BUBAS, AR, Z(YE Ying, et al). JURP RIS PIX
AN ER B BE X LE Sise. TEHUAREIR (Journal of Inor-
ganic Materials), 2004, 19(6): 1379-1385.

XK, WETRE, W [ E IR W7 AL T A A A S A A
Pk, RERF=IIEI05 IF K, 2008(1): 113-116.

AR, SRIEA, WA T M SR AL SRR B (>3 T) 4R R
FIME . AHTIRIG =, 2005, 24(2): 73-75.

Aramenda M A, Borau V, Jimenez C, ef al. Comparative study of
Mg/M(IITI)(M=Al, Ga, In) layered double hydroxides obtained by
coprecipitation and the Sol-Gel method. Journal of Solid State
Chemistry, 2002, 168(1): 156—-161.

kB, AL, BV, S Mg/Zn/Al 2K A G R AIK

9]

[10]

(1]

[12]

[13]

[14]

PAERETTSL. b2, 2006, 70(5): 351-354.

Pavel O D, Birjega R, Che M, et al. The activity of Mg/Al recon-
structed hydrotalcites by”memory effect”in the cyanoethylation
reaction. Catalysis Communications. 2008, 9(10): 1974-1978.
Erickson K L, Bostrom T E, Frost R L. A study of structural mem-
ory effects in synthetic hydrotalcites using environmental SEM.
Materials Letters, 2005, 59(2): 226—229.

Dimotakis E D, Pinnavaia T J. New route to layered double hydrox-
ides intercalated by organic anions: precursors to polyoxometalate-

pillared derivatives. Inorganic Chemistry, 1990, 29(13): 2393-2394.

BOZE R, Z U, SR FIRA R AU RO i
B 1 RS R R (A R E AR, 2004, 44(2):
149-152.

RIYE, ¥ F, TS —, (LI Da-Tang, et al). 5 Hei Xt
Mg(ADO S EWIE R RN IR TR AR 5. A6 27 27
i(Chinese J. Chem. Phys.), 2000, 13(2): 220-226.

Shen J Y, Kobe J M, Chen Y. Synthesis and surface acid/base
properties of magnesium aluminum mixed oxides obtained from

hydrotalcites. Langmuir, 1994, 10(10): 3902-3908.



