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Preparation by Using Soft Template and Adsorption
Properties of Three-Dimensional Flower-like MgAl-LDH
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Abstract: Three-dimensional flower-like LDH (3D-MgAl LDH) microspheres were successfully synthesized via
hydrothermal method. The sodium dodecylsulfate was used as soft template. The effect of Mg/Al mole ratio, the
concentration of SDS and the reaction time on the crystallinity, composition and morphology of 3D-MgAl LDH
were investigated by XRD, FT-IR, SEM and TEM. The results show that the optimal condition for uniform 3D-
MgAl LDH microspheres with high crystallinity, regular flower-like morphology and thickness uniformity of
nanosheets are as follows, ny/ny=2, the concentration of SDS was 0.1 mol -L™', and reaction time of 6 h. In
addition, the growth mechanism of 3D-MgAl LDH was also inferred, SDS was used for intercalated anion to form
LDH as well as could form micelles that bond to the outside surfaces and plate edges of LDH, which induced
LDH nanosheet cross-growth. Finally, the adsorption activity present that 3D-MgAl LDH exhibits great adsorption
capacity of ca. 30 mg-g™ for naphthalene and the removal rate of 100%.
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PLK A o G SR 1 A4 8 A E AL D) (Layered
double hydroxides , LDHs), & — 28 B 2§ + A — 4k )2 4R
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45 tHAEIR CaAl-LDH Bk, FFHRR =45 /KL
M AF Y, 3X SERF 58 K 22 SR 1T i il 1R 35 6 = 4
LDH Z5# iy 2 | ff /D pb N2 BB R 2 5 = 4
LDHs JE LI AR, ook VR i I o8 & 3
1 2% DI P 700 o SR R 4 (SDS) VE S ede M 7 T
W 2 LDHs 2 R AK PR AR R ik v, 35 T
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T 336 P SR S ARAROE 1) = 4E LDHs 1E 0 3 b5
B A DL G W 0 1 B AR 4 BIF 9T i R L ARGE

R, A58 % R BB 2 | 3 L SDS Sl B AR
I, DAGSBREE AR 45 AN R R R JERE 7E K IE A%
PR iE I SDS 5 RN W) S AR AR A R
=446 AR MgAI-LDH(3D-MgAl LDH), i i & G485
Mg/Al ¥ 5 1) 12 2 L, SDS Ve BE K 7Kk #4452 1 i [i] 4
XJ 3D-MgAl LDH 4544 JE &R0 | 3R 1 3D-MgAl
LDH JE LI Bb Ak, LLZEAE 3R B 7 RS Je it
&, 38 AT R R B S5 | % 4% 3D-MgAl LDH X H
MPERE, SHZ R EE S M =4E LDHs 1E 8 KBk
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AP AT LTS Sy BB bR LR S04,
1 K®HE

1.1 3D-MgAl LDH Kl &

K 7K # ik i 4 3D-MgAl LDH, FK HU 1.6
mmol Mg(NO3),-6H,0 1 0.8 mmol AI(NO3);+9H,0 T
50 mL £ 8 FRK PR BIR 5 A (R A); PRI
0.48 g IR EE AW A P, ¥ 30 mL KJE N 0.1
mol - L™ [ SDS W SV A PREIR S, AU
JE B 30 min, IS 00 B R A S 2 P e 2R I 9RL
LA TN 22 150 C TR KIASE 6 h, [
NS5, RS O TR, TR

Fi R R Ty k| BRI SR S — £ 81 3D-
MgAl LDH, #RFE XS 3D-MgAl LDH JE 1 #Y
B RN AR L (1) P ny/ny=2,1,1/2 F1 1/
3;(2) W& SDS MR 0.01,0.1 F1 0.2 mol - L5
(3) KIS R B R IR 1,3,6 AT 12 h,

A SR I TUHE T VLY 7 ny/ny=2 1 SDS ¥
FE 0.1 mol - L7 £ 14 F il £ — 4 MgAl LDH(2D-
MgAl LDH), FHFERT H 28 5B R a8 |
1.2 YR

K H1 1% E BRUKER A % D8 ADVANCE %! X
AT (XRD) 43 BT FE S A Z549 | Cu $E Ko
AT A=0.154 18 nm, FHJE 40 kV, EHL 50
mA , A E 2°-min~'; [E Thermo 23 7] NICOLET
5700 FILLAR G5 53 AT A (FT-IR) 73 B e i B g AT H
A JEOL JSM 6701F 37 % S5 4714 v B2 e 1A (SEM)
XA S B S EAT 0 B, TAEFL . 5 kV;JEM-2100 %Y
B L I U (TEM) R AE AR O30, T/EHLE 200
kV,FE PE /A ] Optima 8000 7 HLJEHE 7 45 2 114
FHEREAL (ICP-OES) 73 T A Sl 5 W 4147
1.3 3D-MgAl LDH Y I% Bt 4 g8 izt
1.3.1 "R Bl J1 2o

FRHL 0.015 g 3D-MgAl LDH £ &M ZE 15 mL
ZEWIIR R BE R 30 mg- L VA, F & IR T KB
Ui EBTHURE IR BWAE L EE, FIEWRAE A=
219 nm P IO EE(E , LA 2800k i

3D-MgAl LDH W B 25 1 W Bt 3t () 19 3 5807 1
Fe A (1)2HEAT

q=(Co=C)VIm @)
o Co FC, 43501 R Z% 000 Ui v B8 RTERE [B] ¢ 1 ) 9
FE (mg - L7,V o 280 W0 R AR BL(L);m R 3D-
MgAl LDH W B 55 59 FH £ (g) 5 .. W FfT £ (mg - 27
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AL EEIE R (ny/ny=1/2 501/3), 7P 8L T R
AR EA ALY (PDF No.49-0133, 1 A & 7m) IR 1)
B 16 ¥ (PDF No.22-0006, 1] € & 75) )RR AR 04 | JF:
HAREE LDH &b HRFAE 0 A SDS ) 8 AE W43 2% | i3
B Y R & AL & it 2 0 LDH 2R 4
J& Lok A 530 LDH Sk TE Ak,

Kl 2 AN TF] Mg/Al 9 5t ) & 2 L 4540 & il
P FT-IR B3, m TR, 2 nyg/ny=2 F1 1,
S3AE 3 530 F1 3 510 em™ Ab 3T 5 0T S8 14 W
WA |3 AR R R R R ] K 3 M v i B 5 R
1, 2 962~2 856 cm™ i P Y I 3 14 S -CH, X Bk
R KT PR AR R B0 51 210 em™ 2 S=0 B8 (1 4
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Fig.1 XRD patterns of 3D-MgAl LDH with different
ratios of ny/ny from 2°~5° (a) and 5°~65° (b)
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Fig.2 FT-IR spectra of 3D-MgAl LDH with different

ratios of ny/ny
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# LDH EJ2WE5H 1Y 4 8 AU M-0 1Y 45 P 3l i
(M h Mg B¢ Al), 5 3CHR il — 20>, SR, BE&
Al & 5N (ny/ny=1/2 2% 1/3),7E 3 530~3 510 cm™
bR B OH A 45 B 3 g | 3 W] 7= g o oS B R R
PAZ K BY R 2 S50 2% Rl 3% SDS (4
TR B 08 75 55 (ny /ng=1/2) 8K A W B4R AL (ny/na=1/
3), LRGSR — 2 UESE T XRD 40T 45 5%,

Kl 3 A Ta] Mg/Al ¥ 5 9 5 2 b 28 F &
PR SEM B, B 3a T RLE R o B
LDH #1K 7 238 SUR AR TE BU AR AR 0K, HAEBRIE 30

(@2, (b) 1, (¢) 1/2 and (d) 173
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LDH 1 SEM ¥
Fig.3 SEM images of 3D-MgAl LDH with different ratios

of ny/ny
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Table 1 Mg, Al and SDS content of samples

Sample ny, /'n ny'/n nss' /n ny /ny’ nsps' /iy’
N/ =2 45.37% 20.55% 34.08% 22 1.65
g/ na=1 33.80% 26.12% 40.07% 1.29 1.53
N/ na=1/2 5.85% 75.35% 18.80% 0.08 0.21
ny,/na=1/3 3.22% 100.34% 10.89% 0.03 0.11
RAF BEAh K 7 R — JR 214 56 nm, JZ 7 = =
#: SDS

A B, Y ny/ny=1 B FEBRRCGHE R Z
] H0 B HE B | JE I N 100 nm , 2 R 4518 M i
B 028 ny/ny=1/2 I 7= 9 2 1 H 30 /)
R, BSR4 Rk, 1 Al & &5
(nyd/na=1/3), 7= W) F TR/ INEE B WIIRIH 2% 8 R I
e FEER X = BT Mg/AL 95 1 2 b 2R i )
Tk AN LDH 49K f

R T iR Mg/AL W BT Y 22 LA G
FEP S R 1 TS RE A R T 25% (whoe)
TR IEAT T 1CP 20 #r I BA RNk 1 Fios, ik
AT nyng=2 F1 1 BIRE AL SEPR Mg/AL ¥ 5T A9 4 L
{EL (o ) 23900 09 2.2 F1 1.29, 5 SEB WG BESE ny/
ny A ZEA K I SDS 1Y 58 bR A 43 & i (ngys /n) 77
5k 34.08%F1 40.07% ., 4 nyny=1/2 1 1/3 B ny,’
Iny WAE 23 514 R 0.08 1 0.03,SDS/AL ) 5 11 i Lt
(B (nsys’ /ng )N 0.21 F10.11, B /N F10 2 4LAE
a Y HAE 254 XRD i g8 RS Al & il
i, TCEE L LDH 949K R, JF <52 SDS 5 LDH
Z A A EAE ] 3X — s AE J5 3C SDS R FE X 3D-
MgAl LDH JE 52w EAT PR ie 3k 36T Bk iF
FEAEA I ny/ny=2 I i 25 B RE i F T %) SDS &
JE KK 52 7 B ] 52 1) fr) S 96 AF Y
2.2 SDS iR E Xt 3D-MgAl LDH # B B % i

Kl 4 AR SDS e B 4540 & BRE i i XRD
B, MR RIE B R i 2 BT R X i R A
K I4(003) . (006) . (009)F1(110) A T FEAE AT 5 0 | H >4
SDS MK 0.2 mol - L7 B JLJZ B d g4 2.72 nm,
3D-MgAl LDH B EJZRJZ N 0.48 nm, LA K SDS
VS TR DS e S5 K B R 1.85 nm™, i
THE A I ) PR 3 R AR 2 25 W AR 2 N GE A
JE 2.24 nm, HAEA T HAFAA AL B 7K
ZAR] PR SDS B B AE 2 8] S 353 1
BT 2 HRIE 38 8547 17 1 HE A A =X T A AL ]
B 4621 LDH,

(006)

26=3.31°
d=2.68 nm

(009)

0.1 mol-L!
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26=3.3°
d=2.66 nm
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Fig.4 XRD patterns of 3D-MgAl LDH at different
concentrations of SDS from 2°~5° (a) and 5°~

65° (b)
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A HL LDH , (E157E B 1S | A< BR8240 iy 91 ik 98 3R
SDS AXAE R A HLBT 5+ B LDH 2 8] JCHLEH &+
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Fig.5 FT-IR spectra of 3D-MgAl LDH at different

concentrations of SDS
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Kl 6 AN SDS ¥ BE T 45 L 3D-MgAl LDH 9 SEM ]
Fig.6 SEM images of 3D-MgAl LDH at different concentrations of SDS

PLIGERST 43 AR R FE L A RN K | b ke R IX S F
3D-MgAl LDH #£ 3 530,3 500 cm™ 4b Hi 301 5 1717 58
MIPR BN IE | 14 R =4k LDH JE2 M L A Fe 3k 3E
AR K 53 T A7 AE AL 22 B85 5 48 LDH A [R) | i
WIEB 43 SDS 38 i #t F AE FH WG 7E LDH 2 M bh 3k
1 8% LDH JZ2 i e T LDH £ 2/ Ltk
E2878

g 1 kB HRSE SDS e X 3D-MgAl LDH &
BRI FE I, ANE] SDS MR BE 4548 A UFE & 9 SEM
FInE 6 s, 24 SDS ¥ EE A 0.01 mol - L B, ;=4
FEL R ANt 9K R (LDH), 9K v 2
A —E S, 2 SDS N 0.1 mol - L 1), 44
KA Z B AEE B B 2s B al AT 25 il 28 AR K
L H AT RIS R AP0 = 4EFEBR L 24 SDS ¥k 4
2 0.2 mol - L™ B =W 3R 101 )2 e 45 44 A KT 5 W
i LDH J2 R B 28 BAE /N LT e i e il
YIRS SR S SDS Ik B AT O 456 XRD FT-IR
SR LIE ) Y SDS kB ARET(0.01 mol - L7,
DSk BT 88 18 564 )2 T2 BUAT L MgAl LDH 44K
B G0 SDS A7 BAE R s oK 2R,
5% R SDS W EERAN, 5 LDH 40K i Z [ i /EH
XSS, IXRERS K LDH 40K i R AR i, 4
SDS ¥ & 32 = 15 (0.2 mol <L), BRAE N & T4 )2
Ab, b SDS Ui B AE LDH 40K F i1 4k 58 W [
TEFEMAMRT, @ SDS 5 LDH 44K fv Z [H]
AHEAE RS o fe F = 4EEBRIE L, (Bl T SDS
A B FLATHE R MR SDS Ve B b, RS LA ™
&N R R Z SR E | KA 6c
TR T H B K R TR A 2 2k B A AR 5
B (B HObR 4544 U
2.3 k¥R MR E X 3D-MgAl LDH B 9 5

R TR GE BN I R XF 3D-MgAl LDH JE B 5%
e, 18l 7(a, b) 73 0l 52 72 W) AE 2°~5°F1 5°~65° 19 XRD

Bl B R DU K3 BB ] BR 1 h Ah A AR
177 W YA 20=3.31° 6.68° . 10.01°F1 60.65°4b i B
T XFIT 3D-MgAl LDH 1#(003) ., (006) . (009)#1(110)
Al T AT S0 | d {298 2.7 nm, ELREE SO0 B[R] 1)
FEK (] Ta), A8 (003) i T 9 7 AF 06 1) i B 3% 347 14
9, A T B 22 A8 2 U Y 7 ) Bl A I 1] Y
FEA 2 B ARG | SR RS S AR K

@ O m (b)
(006)

;

2h (009)
(003) 195

@=2.71 nm (006)
(009)
bh Me h

(006)
(003)
d=2.73 nm (009)
3h o 5,
h \/\_‘*\\1 h

5 5 10 15 20 25 30 35 40 45 50 55 60 65
20/ ()

.

(

2 3 !
20/ ()

&7 ASIA B ] I 3D-MgAl LDH 9 XRD [4]
Fig.7 XRD patterns of 3D-MgAl LDH prepared at
different reaction times from 2°~5° (a) and 5°~

65° (b)

8 Ay AN [H] 2 I I B] 2% 47 T A JRE i SEM
Bl B 8a AN X R BB EISA 1 h B FF R T L
o, BAMNBPOIREH ;. SR E R 3 h
IFFE S R T 45 R W WAL BRAEIE (] 8b);
2K $A L B[R] AE K B 6 h B (8] 8c), HiAE BRCR 5%
T T AL oK I AT DL, A8 AR AP
WLERE ) = HEAE Bk AEIK AR TE 1.5~2 wm, 4K
FIEEE 2R 69 nm , JW I (B 4K 22 SE K 28 12 h B (&
8d), K Fr itk — 3 AR B & 169 nm, HA4>
BRI S, X TR K, 9k A gk ik
K, SRR I, 94K R 2Z 8] 09 25 B/ | AH A
B BUE A LRI I, =48R LDH 1B



930

xoH Ak

534 B

#o% 4R

@1, (b) 3, () 6 and (d) 12 h

AN I) B I T B 1 3D-MgAl LDH 9 SEM 5]
Fig.8 SEM images of 3D-MgAl LDH at different reaction

times
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JSZ S LI T B4 50 | de A /K RST8] R 6 b,

BT BT, AWPSEIR T S 4EE R MgAl
LDH #yA] BE A= K ML B (K 9a), TEZK A o B v,
SDS HFE M F2A45 2 D5, —J5 i DSHE AL
B s 4 )2, & A HL LDH 49K Fr | [RIE 7t it
P 32 5] Mg/Al 900 ) 3 L s, B G5 Y Mg/
Al Py 5t ) £ L6 20 B LDH 3 )2 A4 4 1F i fir 5
DSl i #4558 A AL LDH, 73— J7 i,
SDS A g — R WL 9785 ¥ 2 i 6 R DA I Y
WL T K5 B B 28 R EOIR R B 5 K e 2R
ERTE— TV L AR S 7K i 55 3 W v K 2 ik T B
A, N SDS B EKFE AT 5 LDH £ 28 1
SEREBE LDH 900K R i Gok Ak i, i S 9ok
R Z 58 K e B L = 44k LDH, IS
BEHE G TEM B (ny/ny=2,SDS # 0.1 mol - L™,
KT RIS TE] 6 hy % B 3D-MgAl LDH 2 b 4544 B
B, HEAERR SR AR RO — (8T 9b),

K9 3D-MgAl LDH JESALEL/R 2B (a) K dse AR A A F R HE & TEM B (b)
Fig.9 Schematic illustration of the formation mechanism (a); TEM image of 3D-MgAl LDH (b)

2.4 3D-MgAl LDH X5 2 B 14 B2 fff 58

l 10a 24 2D #1 3D-MgAl LDH Xf % 1 2 bR %
ORI i B R, 3D-MgAl LDH X9 45 B o 31
mg- L7 FZRIE IR L BR N 100%, T 2D-MgAl LDH
X BRRAL N 50% 547, W] =445 Mt T
LDHs X Z5 i ZZBRAIOCR . #A TAEBRAWESE T 3D-
MgAl LDH * Z= AW 450 &1 10b 2 25 R, %
WS BRAI IR MR BE A 31 mg- L™ 45 4F & 3D-MgAl LDH
Xt 2R MR B Ty 2E M 22, r B 10b 7RI B R B
I ] F9 S A< T TG SHC RS 0, 52 R A 30 min 26 47 35 3 °F-
i, 3D-MgAl LDH XF Z% i) - i 0 B = 29 24 30.98
mg-g” o HH WA —23h Iy 2 0r B (X(2) 2Bl
05 (X (3)),

q=qJ1-exp(=b1)] (2)
q=q.bt/(1+bt) 3)
S g, R o B A B (g g, ¢ O SR A 6
(min),q. AV 5 (mg-g™) b N5 B2 T R
W B 10b Bl HEAT IR UG TS A R LR
2, 13 2 AIAL, 3D-MgAl LDH XF 28 i) W B4 15 —2
% 2 3D-MgAl LDH X Z 0 WMt 3 1 2 E S
Table 2 Fitting parameters of Kinetics curve for
naphthalene adsorption by 3D-MgAl LDH

Parameter
Kinetic equation
q./ (mg-g™) b / min™ R?
Pseudo first-order 30.22 0.26 09199
Pseudo second-order 30.87 0.04 0.833 3
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100 (a) \ 32F () 45F (o)
[Jop-meaitpn NN e O - E—— 40k
=< g0 NNsp-meairon NN k(] ¥om T
o, ’ .
z '
5} = 28 ~ 30p [ ]
‘5 60 @ W
E £ |
< ~, ~ 20p
é 40 Sy R
5] 15p [ ]
~ 24 "
20 — Pseudo-first-order O Naphthalene
\ \ 22 SRERARORSE Peudo-second-order 5r
NN
0 NN " " " N " " " " 0 n I I I A
Naphthalene 0 60 120 180 240 300 360 420 480 10 20 30 40 50
Time / min C,/(mgL™)

K10 2D, 3D-MgAl LDH %t 28 L BR AR B (a) 3D-MgAl LDH XF 25 19 W B 8h 77 24 i 48 (b) S B 55 R 2% (c)
Fig.10 Remove efficiency of 2D and 3D-MgAl LDH (a), kinetics (b) and isotherms (c) of naphthalene adsorption on 3D-MgAl LDH

KL B) I 8 R*=0.919 9(R> M HH & REL), — %
J N By g 2 A R 4G A5 B0 Y de K B Rl 30.22
mg-g”, 55545 4 (30.98 mg- g YT,

El 10c 2 3D-MgAl LDH XJ 2% () 45 i W B il &
ME AT B ), 3D-MgAl LDH X %% 1) 45 if W Bt
2k S 2 M, W o B A 2% 40 I v R A 1 i 4
R KT ZE WL B R IR B T 909% , KAELAIFSE B, 241
B A BT 08 A BILBB 3% 1 KT 0.5% (wihw) 55, W BEE A BT
A WL S A LA Y I — A TR B AR R Ot
AR 22 R D ] A Sy R R AR A SE AT Ab BRI 3D-
MgAl LDH ¥ i A HLAK I & 8 20155, 298 59%,
fit 3D-MgAl LDH H A HLER & 8 KT 0.5%, Kk
AR AR AL AR B 15 3D-MgAl LDH XF Z5 11
W A 2 H 43 T A P T 50, 45 i 5 R oty 28 T ke 4
PR R R

Q=K,C. 4)

K=K, /f.. (5)
K Q, WAPAE 3D-MgAl LDH A9 (mg- ™),
C. A HLYAEIK T (9 7 £ Wk BE (mg - 1.71), K, 4 3D-
MgAl LDH X Z5 1) 53 Be 2 8%, K, A A HLax bR Ak 2ot 1
Sy B R EL f,. 0 3D-MgAl LDH WA ML B 7 & &
(wlw) o

X5 P 10¢ 55 3 W B BSCHE R A7 Ze U5 LG 7
2 y=0.906 4x,R?=0.977 3, #ziE T 1, ¥l 3D-
MgAl LDH X %% i 0 B 49 5 32 42 P R A 80 ) 1)
3D-MgAl LDH *F %% 9 W B 45 & 43 B A FH |, 3D-MgAl
LDH Xf 25 B AE T, H LR B8ORS 282K h i
VA RE RN E BE K PR G, WIRE, 287K
o ) SR KV A B2 R 30 mg - LB AR BF 5T H 3D-MgAl
LDH Xf ZE i K EBR LN 31 mg-g”, ERFEmEIL
# 100% , % W] 3D-MgAl LDH ] AF i 20 2 B 7K B4

S5 -1 8 LT e RSB R
3 & it

(1) AWFFE LASDS 1 Ry B R | 28 7K FA A 3 1
UG L7 45 B v JE S — 19 3D-MgAl LDH , 3D-
MgAl LDH 2 LRI | AR TE 1.5~2 pum, A1k 7 &
FEZ 69 nm,

(2) Mg/Al ¥ 5 1 5 b, SDS ¥ J3 7K #4s y Fif
] 35 2352 0 3D-MgAl LDH FIE AL, b ny/ny=2,
SDS ¥4 0.1 mol - L, KA WIS H] 2 6 h I A
MF AR AERIE S e | B R — i 3D-
MgAl LDH,

(3) 3D-MgAl LDH X¥ %% fie KW fif i 294 31 mg-
g, KBRFE IS 100% ;3D-MgAl LDH XF 250 (11 3
J125 7 R 8 — G B 5 7 B R B A R LA A
BT, RUIHAEIHLE N 3 BCAEH . 3D-
MgAl LDH XJ3F & 8475 Je 1y 3 I HY 1R 4 7 W o e
AE , AR PR /K A B 7 ThT B A WA 4 0 1
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