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A Comparative Study of Silicate-Oxide Nanocomposites 

SEBASTIEN MOWAU, LAURENT DUCLAUX, JEAN-NOEL ROUZAUD 
and FRANCOIS BEGURV. 
Centre de Recherche sur la Matiere Divide, CNRS-University, 1 b rue de la 
Ferollerie, 45071 ORLEANS Cedex 2, FRANCE 

LaCo(fsa)2en-Montmoriillonite and LaCo(fsa)2en-Taeniolite ((fsa),en = 

N,N’-bis(3-~arboxysalicydene)ethylenediamine) derivatives have been 
synthesized by cationic exchange and characterized. The thermal treatment 
of the exchanged clays under oxidizing atmosphere led to the formation of 
nanocomposites above about 300°C. It has been shown that the LaCo0,- 
Montmorillonite nanocomposite is stable up to about 55OoC versus 700°C 
for the LaCo0,-Taeniolite nanocomposite. Both are constituted of oxide 
pillars (diameter 20-40A) intercalated within the silicate matrix. 

Keywords : montmorillonite, taeniolite, perovskite, rianocomposite, Cationic 
exchge. 

INTRODUCI’ION 

Dunng the last decades, perovskite type oxides @Ma) were extensively applied in 

d y t i d  processes’” Initially, they were syntheszed by gnnding a stoichiomebic 

mixture ofa  rare earth oxide and a metal (M) oxide, and subsequent heatmg at 

S0O0C?’, or by the thermal decomposition of oxalates or cyanide#’ The most recent 

d o d  based on “chimie douce” is the thermal decomposition of heterobinuclear 

metallic complmes with a W b a s e  as a ti&L4J, but the homogeneity and the 

charaaaistics ofthese sotids have not been controiled cardidy. In a previous paper, 

we d m i  improvements which allow to better control the stoichiometq of the 

resul tmg~mpoundwham~thenahrre~fMI~~ 

ontheother hand, sur6lce a r e a d  catalyticactivityof~vskite”plbred” 
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H 

Figure 1 Schematic representation of I-&(fiaa)pn (a) and 
w h ) 2 f l 0 3 ' % '  @)' 

EXPERIMENTAL 

The Lac0 ~h noted hwb)2m03.%07 (@' lb) 

syntheszed according to t h e e  mode desaibed in dq. For the 

exchangewiththealkaliintetlamellar cxtions of silicates, the appropriate amount of 

LaCo(h)m,N03.€$0 complex (1.2 CEC) was soaked m 100 ml of a 1% aqueous 

Suspension of clay (Li-Tamiolite : Topy Industry, Japan, CEC=262meq/100& Na- 

Mon$norinonite : Wyoining, CEC=87meq/100g)7 and the mixture was stirred fbr 
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STUDY OF SILICATE-OXIDE NANOCOMPOSITE [705]/297 

s e v d  days at 60°C. Atter repeeted washing with water and sepamion by 

cenmfugation, the LaCo(h)Z€al-clay cOmpOund was tkia dried. 

Thermal treatments of LaCo(h)2en-Clay compods were carried out m a 

home made ThemoGmvimebic Analysis (T.G.A) qpuatus coupled with a Balzers 
QMG 420 C mass spectrometa; under OJAr (1/1,15 dmin)  atmosphere with a 

50°C/h mnpenam ramp. KBr pe4lets (0.5% dispersion in 0. lg KBr) were analyzd 

by infrared spectroscoW (Nblet  710 FT-IR spectrometer) in the transllission 

mode. X ray dihctograms ofthe solid powders spread on a glass plate were 

recorded on a Siemens D5OO ditfractometer (Cu Kal radiation, A = 1 .W56 A) in 

the dection mode. Samples fbr TEA4 (Philips CM20) were ground into ethanol 

and dispersed into water by ultrasound fbr 5 minutes. A drop ofthe suspension was 

deposted on the thin amorphous cartxm film covering the copper gtid and the 

sohmtwasevaporatedinadessicator. 

RESULTS AND DISCUSSION 

Atomic absorption titration of the alkali dons present in the 6ltrate after the 

reaction conthmed at lead 95% exchange in all cases. A control by X ray ditliaction 

showed that the exchange reachon is complete after3 days. The identity period L 
(22.7A) is c o w i e  with complex d o n s  standing almost peqxmdidar to the 
silicate layers of LaCo(h)ren-Mont. For the taeniolite intercalrrtion compormds, two 

identity periods (24.4 and 32.0A) were fxnd, cotxqndmg to two intercalated 

stnrcbes. Due to the high CEC of taexloh in co- with montmorilonite, it 

is suspected that cumplete ex- can be only achieved in taexlolite ifat least a 

part of complex is fbnning a double intercaLded layer. 

Inh-e!d spectra ofthe exc4langd clays collsist in the superimposition of the 

- m  of Na-Montmorillonite (or G - T h o h )  and 

L a ~ f h ) 2 e q N O ~ ~ 0  without the narrow peak corresponding to NQ- The 

absence of the peak of the No3- counted anion confinns that the complex has been 

exchanged and not only adsohxi at the surfirce ofthe clay. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

53
 2

0 
A

ug
us

t 2
01

2 



298/[706] S .  MOREAU e ta / .  

0 I I I I I I 

0 100 200 300 400 500 600 700 
Temperature (“C) 

Figure 2 Thermogravimetric analysis on LaCo(fsaben-Mont and 
mass spectrometry of the evolved gases. 

The thermal behavior of LaCo(fsa)len-Taen (fig. 3) is similar to that of 

LaCo(fsaben-Mont, however without any small slope above 500°C. As 

compared to montmorillonite, one must remind that the layers of taeniolite 

are free of OH groups. This is the reason for the absence of water evolution 

at high temperature. The C02 peak ( d e  = 44) in the a s s  spectrum above 

700°C is related to the decomposition of residual lanthanum oxicarbonate 

(as observed by X ray diffraction) which is formed during the thermal 

decomposition of the La-Co complex . 
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STUDY OF SILICATE-OXIDE NANOCOMPOSITE [707]/299 
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Figure 3 Thermogravimetric analysis of LaCo(fsahen-Taen, and 
mass spectrometry of the evolved gases. 

of temperature. 
Temperaaae( "C) 20 325 350 400 415 

&iLdh(h*M~nt(A) 22.7 15.5 - 14 
& , ~ M ~ M T ~ u I ( A )  24.4132 - 15.5 14.5 - 
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300/[708] S. MOREAU ei nl. 

wh3tever the pristine silicate, 001 lattice finnges were easlly observed even 

after heating up to 600°C (fig. 4), however numerous d&s are always detected. 

The average mterhnge distances are about I5A (415"C), 14A (500°C) and 131( 

(600"C), for the montmociuOnite nanmmposite ; 14%r (400°C) and 13A at 500°C 

for the taeniolite nanmmposite. 
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STUDY OF SILICATE-OXIDE NANOCOMPOSITE [709]/301 

CONCLUSION 
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