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The hydrotalcite like compound Cuo.1sMgo.s Ao27(OH) 2(CO3) o35 * xH20 ( CuHTlc) are syn-
thesized by coprecipitation method and are characterized by XRD, DTA-TG, BET, TEM and 7 Al
MAS NMR. The results show that at relatively low calcination temperatures (below 300°C), the
layer structure of CuHTlec is retained, although partial dehydroxylation in addition to dehydration
oceaurs. At 500 °C, the hydrotalcite structure is destroyed and M gO phase appears, the spinel phase
forms with the further increase of calcination temperature. CuHTle calcined at 500 ‘Chas the highest
surface area (l93m2 . gil) . When CuHTle are calcined above 500 C, the composition of resusting
products is CuosM gosAlo270055, the equation of thermal decoposition of CuHTlc can be expressed
as following:

Cuo.13Mgo.6 Alo.27( OH )2( CO3)0.135 * x H20 _’Cuo-lngo-éAlo-mOO-ms + (1+ x)H20 + 0. 135CO-.
Keyword: hydrotalcite like compound thermal decomposition calcination temperature

0 Introduction
Recently, it has been found that Cu-M gAIFHT (CuHTlc), a synthetic hydrotalcite-like anionic
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layered clay mineral( HTlc), after a heat activation at 750 'C, gives rise to special catalytic activation

for the reduction of NO and the removal of SO« from the exhaust gas of FCC units o

During the
experiment, we learnt that the catalytic properties of the calcined CuHTlc are greatly influenced by
the activation (calcination) temperature, but this process has not yet received any attention in the
literature ' . In this article, The various changes which occurred when the CuHTlc was heated in

order to render it catalytically active have been studied by means of XRD, TG/ DTA, N: adsorp
tion-desorption, TEM and Al MAS NM R, Many novel and interesting results are obtained.

1  Experimental

1.1 Preparation

The CuHTlc was prepared by coprecipitation of an aqueous solution of Cu(NOs) 2 * 9H.0, Mg
(NO3) 2+ 6H20 and AI(NOs3) 3 = 9H20 (total cation concentration of 1 mol * Lil) with an aqueous
solution of NaOH and N a2CO3( COs° -te-Al molar ratio of 0.5) . Other procedures followed those de
scribed by Valenezuela''' . The slurry thus obtained was stirred for additional 15min and aged quies
cently at 65 Cfor 4h , then filtered and washed with a large amount of water to eliminate the alkali
metal and the nitrate ions. The filter cake was dried at 120 Cin a forced air oven overnight and
CuHTlc was obtained. CuHTlc was calcined in air at the required temperatures (300TC, 500 C,
750 C, and 1050 Crespectively) for 3h in a small muffle furnace and the corresponding products were
designated CuHT 300, CuHT 500, CuHT 750 and CuHT 1050.
1.2 Characterization

X-Ray powder diffraction patterns were obtained on D 5005 diffractometer with a solid detector
and Cu Ka radiation( 40kV, 40mA).

The contents of Cu, Mg, Al and Na of samples were determined using X-ray fluorescence spec
troscope by a Rigaku Model 3271E spectrometer ( XRFS).

Thermal analyses (DT A/ TGA) were performed on TA 2100 thermal analysis system in a highly
pure N2( 50mL * min '), the heating rate is 10 C* min .

Surface area and pore distribution measurements were conducted by N2 adsorption-desorption in a
M icromeritics ASAP 2405 instrument, using the BET equation for surface area and BJH method for
poredistribution calculations.

TEM micrographs were taken on a JEOL JEM-2000FXII electron microscope operated at 120kV .

Al MAS NMR spectra were recorded with a Bruker AM 300 spectrometer operating at 78. 171

MHz with sample spinning rates of 9~ 12 kHz.
2 Results and discussion

T he composition  of  CuHTle is  determined by element analysis method as
Cuo.s Mgo.wAlo.n (OH) 2(CO3) o135 * x H20. When CuHTlc are calcined above 500 C, the com-
position of resulting producs is CuoisMgosAlo2700.35, the equation of thermal decoposition of

CuHTIc can be expressed as following:
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Cuo.13Mgo.6Alo.27(OH)2(CO3) 01 * x H20 - Cuo1sMgosAlo2700as+ (1+ x )H20 + 0. 135C0>.
2.1  XRD analysis

The XRD pattern of the CuHTIlc (Fig. 1) illustrates the formation of the desired HTlc, taking
on the general features that are typical of hydrotalcite. Fig.2 shows the X-ray diffraction patterns
of CuHTle calcined in a temperature programmed mode. From 120 Cto 300 C, the ( 003) reflection,
giving the basal spacing d (003), decreases in intensity and shifts towards higher 2 0value com-
panied by the disappearance of (006) and (113) reflections, suggesting disorder in the stacking of
the layers. After calcination at 500 C, the (003) reflection becomes very weak and the broad,
diffuse, and weak diffraction pattern corresponding to MgO is detected. Up to 750 C, the diffrac
tion pattern of MgO is more intense and the spinel pattern begins to appear. However, the
diffraction pattern of M gO shifts to higher positions of 2 0Ocompared to that of pure MgO. This
fact, combined with no aluminium oxide pattern in the X-ray diffraction patterns, indicates that
substitution of Al for Mg (the Al jon is smaller than Mgz+) into MgO lattice occurred. After
calcination at 1050 C, the diffraction lines of both MgO and spinel phases are sharp and intense;
the diffraction pattern of the MgO in the diffractogram is in good agreement with that of pure
MgO. This means that calcination at 1050 Cled to sintering of the mixed oxides( MgO phase doped

with aluminium) , with phase segregation and formation of pure M gO and of spinel.
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Fig.2  XRD pattern for CuHTlc after calcination at
Fig. 1~ XRD pattern of CuHT lc

different tem peratures
a:300 C b: 500 C ¢:750C d: 1050 C

CuO is not observed by XRD even after calcination at high temperature. This means that CuO
is either amorphous, or present in the form of very small crystallites, or dissolved within magne-
sium oxide.
2.2 TG-DTA study

A TGDTA curve of the CuHTIc is shown in Fig. 3. The three endothermic peaks detected in
DTA curve are ascribed to losses of interlayer water, OH groups, and carbonate ions (as CO2) from
the brucite-like layer respectively. The exothermic peak at 825.8Cis speculated to be attributed to
the transformation of Cuo.1sM go.e Alo.2701.135 to MgO and spinel. Surprisingly, the TG curve shows a

slow weight loss accompanied by a wide endothermic peaks( not measured above 1150 C) above



850 C, presumably assigned to the formation of 50 0
eutectic mixture of M gO and spinel. 40 _15;
2.3  Relationship between surface area and L5 E
calcination temperature & -2%

Fig. 4 illustrates the values of surface areas as :g,zo B g
a function of the calcination temperature. Be- 1 g
tween 120 Cand 300 °C, surface area has apparent ¢ . -4
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changes (from 23 to 119 m * g ) which is due temperature/ 'C
to the dehydration and dehydroxylation during Fig. 3  Decomposition DT A~ TG curve of
calcination at this temperature range. After calci- CuHTle in N2
nation at 500 'C, the surface area increases up to 193 m e g '. The reason is that H20 and COz,

resulted from the elimination of hydroxylation and carbonate ions, escape through holes in the
crystal surface which then appear as small, fairly regularly spaced craters perpendicular to the
crystal surface, as is shown in the TEM (mnot given in this paper) . Compared to that of
CuHT 500, the surface area of CuHT750 slightly decreases to 161m” * g " resulting from the par-
tial collapse of the layered structure of CuHTlc. A sharp decrease of surface area occurs upon cal-
cination at 1050°C, in correspondence with the appearance of more intense X-ray diffraction lines
typical of the spinel phase, indicating that calcination at 1050 Cleads to sintering of the mixed ox-
ides, which is not consistent with the behavior of M gAI-HT ! Data about the porosity distribu-
tions of samples show that the pore radius mainly concentrate at 60~ 200 A for CuHTlc and
CuHT 300, at 100~ 400 Afor CuHT 500 and CuHT 750, and almost no pores exist for the CuH T 1050.
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Fig.4  Surface area as a function of Fig.5 Al MAS NMR spectra of
calcination temperature a: CuHTIlc b: CuHT 300

c: CuHT 750 d: CuHT 1050

2.4 7 Al MAS NMR analysis
The Al MAS NMR spectra of CuHTle, CuHT300, CuHT750 and CuHT 1050 are shown in
Fig.5. Two phenomena can be observed with the increment of calcination temperature: (1) a change

in the aluminum environment from octahedral to tetrahedral, and (2) a deformation in the coordi-
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nation sphere of the remaining octahedral aluminum, as deduced from variation of chemical shift of
the NMR resonance line from 7.8 to 9.4 and then to 8.0ppm. These phenomena are consistent with
the XRD(phase transformations) and N2 adsorptiomrdesorption(changes of BET surface area) results.

A detailed study about the relationship between calcination temperature of CuHTlc and corre
sponding catalytic adivity for NO+ CO reaction is on the way and results will be reported in forth-

coming paper.
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