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Structural evolution of heating treatment of Mg/ Al LDH and preparation
of mineral mesoporous materials
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Abstract: Although hydrotalcite or layered double hydroxides ( LDHs) is not a common mineral, it is an important material that can
be easily synthesized in laboratory. In this study, structural evolution and BET surface area changes of heat treated Mg/ AL LDH was
evaluated by XRD, TEM and N2 BET analyses. The results indicate that for magnesium_aluminum LDH with carbonate as interlayer
anion, periclase like oxide was formed at the temperature of 400~ 800 C. Meanwhile, 2_3 nanometer mesopores were formed during
the decomposition of LDH. However, the heat treated samples still preserve the morphology of original LDH plates. Periclase like ox-
ide formed from LDH heat treatment may re_hydrolyze and recover the structure of LDH. However, crystallinity of the recovered
LDH is lower than that of original LDH. Such a heat treatment will result in the formation of { Mg, Al)_oxide nano_crystals and
nanopores among the nano_crystals. When the heating temperature exceeds 1 000 C, the periclase like (Mg, Al)_oxide was trans
formed into a composite with periclase (MgO) and spinel phases. The periclase can be re hydrolyzed and dissolved in HCI solution.
After acid treatment, the sample with high surface area is composed of spinel nano_crystals and nanopores among them. T he results of
this study will provide a new and economical way to synthesize mesoporous materials through pathways of phase transformation of pre-
cursor materials with different compositions.
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HALAK AT 1 R G K, KA I S T e, 2
TR AT 3 A BHE AR, 7 AR AR I A, AT 2 N
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A5 3L 72 3% MR 90 CK AL 48 h, [ 4 25 95 00 T4, R IG
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el o3 S SR HBE A BT A B A RF O A Bk B AT AL R R o
%, A AT ISIS X R fEi% 2 47 R 00 JEOL_2010 A 45
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B Al b HET 4 A, 9 o o 6 T & Bk 37 IR P 0 4 15
i%5(Chen et al., 2004b) . Lo 0 #7425 6] D1 5 & PR 2R
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XRD patterns of LDH calcined at different temperatures
L—LDH; P—Jr8ifi: S —RfhAi

L —LDH; P —periclase; S —spinel

Fig. 1
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3 DX [ AR e AR 428 1 A 1) A S AR A 1 R B B . SR
DTATG Af Mg/ ALLDH 4 73 fiff il 38 45 L 42 UH ( £F IR A 25,
2004) , BB KHT AT A0 K 5 0 B A B B AL, B 1 A
W Bl I AE 220 C A2 47, o5 2 AN R LB/ 380 CAE AT .
S5 1AW R T 0] K R B, B 2 AN R AR
YA R K 1R B . 400~ 800 CHEEBE ™ 4 ¥ by I8k 40
LR, BRI AR I DX ) LDH 45 MK 5E AR L JF
L& A AR b 7 B A S5 ML SRR AL AR Mg 1 b AR A
LB Mg AU R .t TR ALERR Mg 11 A0
V7B ke B R A, FEE ARG, 2 T S AT S 06 i R RN i
ST SE AL . AR, 1000 CIBEKE (KR & 22 B 9% d A1 465 by A0
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Table 1 Surface area and structure evolution of LDH
and its calcination products

PR LDH 600 Tt 800 Citg 1000 e 0%
Ltfimm 40.6 83.5 110. 8
(m™/g)
GERA  LDH Per{cla.ae_ Per{cla.se_ Spn:n-.l+ Spinel
like like Vericlase

TEM 430745 0 W 2. TEM F 5% 45 5 2 W), J5 05 o B
L& LDH ORI AR dh ik, SR 4220 60~ 500 nm( 4] 2a),
IXHE KA A B Mg/ ALLDH (19— SETE S4% 4E . 300 °C 45 5%
0 i A TS S O R0 A JBE e 4 i AR AR [, (H 2 3 el R
XY, e SR s T AR b, 5 XRD £ 48, TEM
AF 400~ 800 CHfitke LDH £ 8 43 4 45 4 7%, LDH JBE 7K Ml 42
JerATy S A0 T IR 10 LR R T S0 4 B e i L B UK
LDH MBS IEE . BB r= A OUILAT J5 840 1 5 PR 25 4, i
BT W A AT K E 10 nm, 9K J7 AT AR 2 1] 4F
1EA9K ALER, LB 4R 2~ 3 nm( & 2¢) . SR, RIS S
PRILIAT A BE 2L, BV SE R AT B0 L ol 7 T S 48 5t TR 45
FFEAE S, 6 LDH JBEe I B 45 $ K 0 o Rt epr, N\ A 1 5
T(Mg Al EHEIE R A K 7 B, 3K — 45 1 5% w1 4 b
MIAE LB, AA 7 DA JE A Ak 7R T LDHL (1 5 4 45 #4 B 1,
BT AT AN 2 RIAEAE /N A & S, TEM 5 20 % i b PR A8 '
M S X PSR, R AT I BE SR A ML . 1000 CHtRE
(R B Gl A R T S A ( P 2e) 5 400~ 800 CHERE ™ M 2%
Al SUJE b A o AT A i A A Dy 2 AT A, IR
A 7 A R LB T L R B 0 A R X
2.2 K LDH KUE/EAfEHiR L

450 CHEE o 88 KAk (1 FE 5 XRD 23 M1 &5 4L 0L 3

2 LDH RIUEKE™ ¥l TEM 1%
Fig.2 TEM bright field images of LDH and its
caleination products
a—JUBG AR ERE LDH, S ad i O AR TE &, BLAR 80 OK 4 WK
b —450 CHEBE T B K AL I LDH, & 06 1118 3 L 5 5 A 1B i
LDH iy (£ LR/ ¢ —450 CHURE LDH, 5o BLAT J5 840 1 i 14 &4
F8, FAFAEANAALIE, J7 B A7 44 4 8 B AR T LDH (1 s 1 45
Hp, AR BEAT A M Z MLAE A /I S S d —800 CHitlE LDH,
fLDH 5L A2, Sk s B 7 0 1 9 K L IS0 88 B o 77 A
e—1 000 CH4E LDH, 109% HCLARFE, Son 2 b Av 44K R & ) 44
KALBE

a—originally prepared LDH, show ing laminar morphology, with erys-
tal sizes from tens of nanometer to submicron; b —rehydrolyzed LDH
caleined at 450 °C, showing the crystal size is smaller than that of orig-
inally prepared LDH; ¢ —LDH calcined at 450 C, showing that it has
crystal structure of periclase and mesoporous structure, periclase pre-
sents several nanomeler sizes and basically inherits the erystallographic
direction of LDH: d—LDH calcined at 800 C, showing mesoporous
structure; e —LDH ecaleined at 1 000 'C and acid treatment with 105

HCL, showing mesoporous structure
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{3 450 CIBse LDH B K465 XRD i
Fig.3 XRD pattern after rehydrolysis of LDH
caleined at 450 C for 2h
1 —J5ilf LDH: 2 —T0H KAk 24 hy 3 —TEHiK 4L 12 hy 4 —TL5
KA 2 hy 5B 3h ARk, L —LDH; S =R
| —originally prepared LDH; 2 —rehydrolyzed for 24h; 3 —rehydrolyzed
for 12h; 4 —rehydrolyzed for 2h; 5 —LDH caleined for 3 h;

L —LDH; S —spinel

XRD 200 &5 AL W, 7 45 1, LDH 2 B8 JE e tv) 4540
ZE R S A T LR R T8 A B LDH, H 24 h 53 A K1k
5e4s . P8 4 2 600 800 .1 000 THELE G 90 CokAk 48 h FES T
XRD P . 254 s, 600 CHI 800 CHEREFE S 28 17 48 h
SARACATE R, LDH J5 0 ™ 4 5 D A 25 b B 0 Sl A 4y sl i 4
e KAy LDH . L 28 4 oh 27 #40 oke LDH 7 K {k
JERC LDH {3 P U F5 2 LDH &5 #1242 1) i€ ( Stanimirova
et al., 2001) . #RMATH XRD 404745 Sk B, T8 K Ak JE i
) LDH 7755 06 5 15 b5 2 BB 119 LDH. A S 0 i J56 0 L 1) X e
%, LB W OB KAL S SR BT AZ 7 LDH (1 b A 45
g, AEUEE T eir) LDH &5 & 58 W 5k PR ARS, I AS A 58 4 A A2 1) i
At R S M, X —HEMI A3 B TEM 28 BT UESE . 1000°C
FBLE =4 48 h KAk 4 Ay AR B AT RIS it A TR IR £ A, W)
LDH £ 1 000 CJi BER Sl [ v M43k 20 43 i S A2 dh A A
TP, TS E AR A e B v R R AT L £8 SRR Ak B, JKBE
FUHR, 5R A R R WA AT A, (FE XRD P a0 e
ARG &5 S

TEM X} 400~ 800 C# K% )5 H B K k1) LDH 43 #fr &5 4
S, B K AR JE B LDH & 44 1A% 8 Lh B A6 R 45 B 1
LDH &84k B A% 2b) (< 100 nm), iX 5 XRD 4801 5 75 1)
T S i S AT R A S 0 S A A 3. X B4 W), LDH £
Sk A5 6 ZRORIT A S AR AR T AR R e B T P AEL RO B
PRPURE A2 A1 0 AN T A, T RS A PR (R Al 1k .
2.3 LDH #&MBEEMEARILHBHREEX

A9 K FLAA R Ha T HL AT BRI TR AR S 11 VR S 4 fi

4 90 CHfitke 48 h LDH HEFiK46)5 XRD il
Fig.4 XRD pattern after re_hydrolysis of LDH
caleined at 90 'C for 48h
1 —800 CHtbe K fk: 2 —600 CHtBEK L 3 —1000 CIEEEAK AL
4—1 000 CHR KA EY: L —LDH: S —Rii41: B—Brucite
I —rehydrolyzed after calcination at 800 C; 2 —rehydrolyzed after
caleination al 600 C; 3 —rehydrolvzed after caleination at 1 000 C;
4 —residue of acid treatiment after caleination at 1000 °C L_LDH;

S —spinel; B —brucite

nf LA 300 A 40 0 0 B 0 4 BRI g S 4 i A AR RN A 7
B Sy O A, AL AOR R ST AN K S R R EHUE T 1)
Z—~(Velu et al., 2003) . JE[HAAK D fLA BEE R A BLAE
¥y 49 IR BT I, 2007 R A R 1944506, H
AU )2 P A AL R £ 2 By 3 A 5% 3 1T 5F P 00 AT LA e
L K AT WLJE BUEE £ 7 ( Serwicka and Bahranow ski,
2004) . LDH HA7) 209 e sy nf 5 4bk, i L LDH 15 Jg 1y
AT L 2 24 Tl e A3 R b (1 U464, 1T LDH i A2 AU 4
SEAE AR AT TR B BB Kung et al., 1996; Noda et al.,
2004) . LDH 75 #4425k 75 o 854 1S n] T8 sl 3y — 42K 4L,
nJ RAAH I SR N Ay 15 T S0 1) 1l o A ol 78 FLAT AR AL a b 1
B Pl A A A A, LARBC e Tk FEE A a8 o el £ 0 190 465 R R A5 R
SR RASE A, LA ) 40 ) 288 7R SR 428 T 40 K AL 1) LA A 4
Ali .

3 4 if/l%

R 1 2] B 2 D W R AL Mg/ ALLDH, 1E 300 C
FEAT IR B 2 Il A, T2 5 R R B e it . 400~ 800 C 2 J] JB B s
B g5 AR . IR BE R T 1 000 C U7 B A g5 F A A e —
AR A S AT R AR G . AR RS U P I 1 2
Rk T 1 A 4 ) el Bt o T TR 8 A AL BEE, LAY £ 9 D oK
LDH Jyhdb S T30, 4k R IS0k () bt 85 A 0 i . JBHoe
T e F AT J AT Bl Ak S A W vl LU 37 A4k JE e 7k LDH,,
{HFH K A6 T He ) LDH &5 5 B2 LU 5 2K 1) LDH &5 6 FEAIG .
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AL TE Mg/ ALLDH S5 #3540 R0 4 a0 K FU B R % 525

LDH #Heit % — B L 600 °C, LDH &5 KA 8 17 1 52, 44 K
FLESHI SRR . S B LDH i 45 46 35 £k 0 44 2K £L 1 45
F43 2 5 0F) 3T A VLK ) DA A A A G % DA 40 K AL A R LA
TS RO ok L LDH b i R 1 ) 4 52 A% Sl T i ah K
LE MR T B Bk .
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