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New Hydrotalcite-like Compounds Containing Yttrium
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Layered double hydroxides (LDHSs) containing Mg?*, AI*t, and Y3* in the brucite-like layers
and with carbonate as counteranion have been prepared following the coprecipitation method
at constant pH. The Al/Y ratio depends on the concentrations in the starting solutions.
The crystallinity of the layered materials decreases as the Al/Y ratio increases, probably
due to the distortions introduced by the large difference in the ionic radii of the cations. On
calcination at 750 °C MgO (probably containing AI** cations) and Y,0; are formed from the
sample richest in Y, while the other samples lead to formation of MgO and presumably
Al;Y40q4. At 1000 °C, MgO, MgAIl,O,4, and Al Y409 are formed in all cases. Exposure of
samples calcined at 750 °C in air at room temperature leads to reconstruction of a Mg,Al
hydrotalcite and segregation of Y-containing phases.

Introduction

Layered double hydroxides (LDHSs) constitute a class
of layered compounds complementary to classic clays,
as they contain positively charged layers and anions in
the interlamellar space. The so-called “hydrotalcite-
like compounds” are LDHs with the general formula
M1 M'MM(OH), A2 -nH20, displaying the Cdl,
structure with a partial isomorphic M"'/M"! substitution,
the corresponding positive charge being balanced by
interlayer anions. Water molecules also exist between
the layers.1—3

Many papers deal with the composition and struc-
tures of these materials, where divalent (Mg, Zn, Ni,
...) and trivalent (Al, Fe, Cr, ...) cations exist;*° only a
few systems have been described containing two diva-
lent cations and aluminum, despite their interest as
precursors for mixed oxides catalysts (i.e., CuO/ZnO/
Al,03).487 Very few systems containing one divalent
and two different trivalent cations have been de-
scribed.®® In the present paper, we report on a new
LDH possessing the hydrotalcite-like structure contain-
ing Mg, Al, and Y in the hydroxide layer as a potential
precursor to mixed oxides currently prepared by ceramic
methods.1® Yttrium aluminum garnets used as hard
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gemstones, and sometimes containing other cations, also
have interesting magnetic properties.!!

The synthesis was carried out by coprecipitation of
Mg(ll), Al(I11), and Y(111) cations at 60 °C with strongly
alkaline solutions. The changes induced by thermal
treatment have also been studied. Finally, the nature
of mixed oxides obtained by calcination at increasing
temperatures has been assessed by X-ray diffraction.

Experimental Section

Synthesis of the Samples. Three samples have been
prepared. They differ in the Al/Y atomic ratio and are named
accordingly. Synthesis of sample A4Y1 was carried out at 60
°C by dropwise addition of 100 mL of a solution containing
Mg(NO3)2-6H,0 (0.3 M), Y(NOs)s-aq (ca. 0.02 M), and Al-
(NO3)3°9H,0 (0.08 M) to 100 mL of a 0.1 M NayCOs solution
(pH = 11.47); for samples A2Y1 and AlY1 the AI¥T and Y3*
nitrates concentrations were 0.066 and 0.033 M, and 0.05 and
0.05 M, respectively. When naming the samples, the figures
stand for the integer closest to the AI3*/Y3 atomic ratio. In
this way, we tried to prepare solids with an atomic ratio M2/
M3* (i.e., divalent to trivalent cations in the layers) of 3.00
but with an AIP*/Y3* ratio of 4, 2, and 1, respectively.
Regardless of this ratio, a white precipitate is immediately
formed upon addition of the first drop of the mixed-metal
nitrate solution to the basic Na,CO; solution. Once the pH of
the reaction mixture reached a value close to 10.0, a 0.1 M
NaOH solution was added along with the mixed Mg?*/AI3*/
Y3+ solution to hold the reaction pH at a value of 10.0. After
complete addition of the mixed nitrate solution (ca. 3 h from
start), the reaction mixture was aged while magnetically
stirred for 8 h, with the pH maintained at a value of 10 using
0.1 M NaOH and a Metrohm Dosimat 725 apparatus. The
white product was centrifuged and washed several times with
distilled, deionized water, until no infrared bands due to
nitrate were detected. The solid was finally dried in an open-
air oven at 60 °C.

Characterization. Mg, Al, and Y contents were deter-
mined by ICP at Servicio General de Anélisis Quimico Aplicado
(University of Salamanca, Spain) and also by EDAX, in a
Philips PSEM 500 microscope coupled to an electronic micro-
probe (detection unit ECON 1V). Elemental chemical analysis
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Table 1. Metal Contents Data and Specific Surface Areas
for A4Y1, A2Y1, and AlY1 Samples

sample AlYl A2Y1 A4Y1
Mg? 171 19.7 16.2
Al2 3.8 5.2 5.2
Ya 10.1 4.0 2.6
MZ2+/Mm3+ b 2.8 (3.0) 3.4(3.8) 2.8(3.2)
Al3F/Y3+D 1.3(1.3) 3.8(3.8) 7.0 (8.5)
Sget® 47 50 46

a9 weight, as determined by ICP. ® Atomic ratio by ICP (values
determined by EDAX in brackets). ¢ Specific surface area, m2 g1

using spectrophotometric methods were discarded due to the
strong interferences between Al and Y.1?

Powder X-ray diffraction (PXRD) diagrams were obtained
with a Siemens D500 instrument, using Cu Ka radiation
(graphite monochromator) at a scanning speed of 2°(26)/min.

Transmission electron micrographs (TEM) were obtained in
a JEOL 200CX microscope. Samples were dispersed in acetone
by ultrasound and settled on copper grids covered with a
carbon film for examination.

The Fourier transform infrared spectra (FT-IR) of the
samples were recorded in a Perkin-Elmer FT-IR 1730 ap-
paratus, with a nominal resolution of 2 cm~! and averaging
100 scans; the sample was pressed in KBr pellets (concentra-
tion ca. 3 mg of sample/100 mg of KBr).

Differential thermal analysis (DTA) and thermogravimetric
analysis (TG) were performed on Perkin-Elmer DTA 1700 and
TGS-2 instruments, respectively, using flowing air (60 mL
min~1) at a heating rate of 12 °C min~1.

Specific surface areas of the samples were measured by the
single-point method using a Micromeritics Flowsorb 11 2300
instrument, using a N/He (30/70) gas mixture from Sociedad
Espafiola del Oxigeno (SEO, Spain).

Results and Discussion

Hydrotalcite-like Materials. Elemental chemical
analysis results for the three samples are given in Table
1. It should be noted that both the M?*/M3* and the
AIRT/Y3* ratios calculated using ICP and EDAX are
slightly different. So, while the expected value for ratio
M2+/M3* would be 3.00, values obtained are in the range
2.79—3.38 (as determined by ICP) or 3.02—3.80 (as
determined by EDAX). The values obtained by IPC are
2.99 + 13% (values from EDAX are merely indicative
and cannot be taken as quantitative).

The AIBT/Y3T ratios results were markedly different
from those used in the starting solutions. Sample A1Y1
(expected AIRT/Y3T = 1) had a value of 1.27 using both
methods, sample A2Y1 (expected AI¥T/Y3+ = 2) was 3.80
and, finally, for sample A4Y1 (expected AIRT/Y3T = 4) it
was 7.00 (ICP) or 8.45 (EDAX). In other words, the solid
is enriched in aluminum when compared with the
composition of the starting nitrate solutions. This
indicates that a complete precipitation of yttrium is
difficult and that this is more evident as the AIB*/Y3*
ratio is increased.

Powder X-ray diffraction patterns of three samples
are shown in Figure 1. First of all, the low crystallinity
of sample A1Y1 is noted. The overall aspect of the
diagrams indicates a layered structure, peaks due to
basal diffractions being observed at 8.09, 4.02, and 2.60
A for sample A1Y1 and at 8.02, 3.98, and 2.60 A for both
samples A2Y1 and A4Y1. For a layered, hydrotalcite-
like material, these three peaks correspond to diffraction
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Figure 1. PXRD diagrams of untreated AlY1, A2Y1, and
A4Y1 samples.

by planes (003), (006), and (009), respectively.31314 The
value for the (003) peak at 8.09—8.03 A is significantly
larger than the value reported for natural hydrotalcite,
7.68 A.15 This value is related to the thickness of the
brucite-like layers (4.8 A for hydrotalcite?), as well as
to the size of the anion (and, in some cases, its orienta-
tion) and the number of water molecules existing in the
interlayer.’®17 However, the hydration degree in the
interlayer is almost the same in our samples and in
natural hydrotalcite (see below), and in all cases the
interlayer anion is the same (carbonate). Therefore the
increase may be related to the increase in the thickness
of the brucite-like layers, due to the aluminum/yttrium
substitution. The ionic radii reported?!8 for octahedrally
coordinated AIRt and Y3+ are 0.675 and 1.04 A, respec-
tively. A similar variation has been observed in other
hydrotalcite-like compounds upon substitution of cations
in the layers with markedly different ionic radii.® In
addition, the slight increase in basal spacing with
increasing yttrium content is consistent with the lower
polarizing ability of Y3+ (if compared to AI"), then
decreasing the Coulombic attractive force between the
positively charged brucite-like layers and the negatively
charged interlayer anions.’® The markedly low crystal-
linity of sample AlY1 could be also related to the
relatively large yttrium content in this sample, thus
introducing large distortions in the layers, because of
the different ionic radii (Mg?* in octahedral coordination
0.86 A, values for octahedrally coordinated AIR* and Y3+
given above).

The other PXRD feature characteristic of the hydro-
talcite structure is the doublet recorded between 60 and

1 1 1 1
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Figure 2. TEM of sample A2Y1.
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Figure 3. FT-IR spectrum of sample A1Y1.

65°(26). These maxima are due to diffraction by planes
(110) and (113). The lattice parameter a is related to
the (110) spacing according to a = 2d(110).* Unfortu-
nately, the very low crystallinity of sample A1Y1 makes
it a highly imprecise determination of the positions of
these maxima; moreover, they are recorded as a single
peak at 1.53 A. The (110) and (113) peaks are recorded
at 1.54 and 1.51 A, respectively, for samples A2Y1 and
A4Y1. Although incorporation of Y3t gives rise to an
increase in the value of ¢ (see above), such an incorpora-
tion does not necessarily give rise to a similar increase
in a: it should be noted that c corresponds to 3 times
the distance between the brucite-like layers, whereas
dimension a is measured within the layers. Once any
amount of Y3* enters into the layer, ¢ should increase,
but without changing appreciably as more and more
yttrium is present in the layer. A large increase in a
would, however, require large amounts of yttrium.

The TEM micrographs of the three samples show
similar agglomerates of small particles (Figure 2), in
agreement with the similar values (almost coincident,
within experimental error) for the specific surface areas
of the samples (Table 1).

The FT-IR spectra for samples Mg—AIl-Y were very
similar, sample A1Y1 is shown in Figure 3. The broad
band at ca. 3446 cm™1 is due to the stretching mode of
hydroxyl groups, both from those existing in the brucite-
like layers and from the water molecules existing in the
interlayer space: The bending mode band of water
molecules, usually recorded close to 1600 cm™, is
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recorded only as a weak shoulder on the large wave-
numbers side of the strong band at 1515 cm™. This
band, together with its companion one at 1388 cm™1,
should be due to mode v; of interlayer carbonate species.
This band is recorded at 1450 cm™? for free carbonate
species (Dsn symmetry) but splits and shifts upon a
symmetry lowering. So, for calcite (local symmetry
around the carbonate anion D3) it has been reported in
the range 1492—1429 cm™1, while for aragonite (local
symmetry Cy) it splits into two bands at 1504 and 1492
cm~1.29 In the present case, the splitting is even larger,
probably due to the restricted symmetry in the inter-
layer space, in addition to the different electrostatic
interactions because of the distortions originated by the
three, very-different sized cations in the layers. Such
a large splitting (ca. 115 cm™1) has been previously
reported for carbonate species formed upon adsorption
of CO; on aluminum hydroxide gel.2! The band at 857
cm~1 is due to mode v, of carbonate (879 cm™1 for free
ion and calcite, 866 cm™! for aragonite). Lower wave-
number bands at 605 and 412 cm™! are due to lattice
vibrations (Mg—0, Al-0, Y—0, Mg—0—Al, ...),%22 while
mode v, of carbonate could be responsible for the weak
shoulder close to 724 cm™1 (706 cm™1 for free carbonate
and calcite, split into two bands at 711 and 706 cm™?
for aragonite). Activation of mode v; (originally for-
bideen in IR for a D3, symmetry) has been observed in
some cases,21.2324 gnd could account for the weak
shoulder at 1060 cm~! (1080 cm~! for aragonite and
1060 cm~! for CO, adsorbed on aluminum hydroxide
gel).2l Nevertheless, the positions of the bands origi-
nated by modes v; and v4 are only tentative, due to the
difficulty in locating precisely their positions on the
sides of much stronger bands.

The DTA profiles for three samples are shown in
Figure 4. All profiles show two strong endothermic
peaks within 140—180 °C (due to dehydration)?5-28 and
370—400 °C (dehydroxylation and decarbonation).25-28
The traces are slightly different in the precise position
and relative intensities of the peaks. The larger inten-
sity of the first endothermic peak for sample A4Y1 is
in agreement with the larger water content for this
sample, as concluded from TG analysis (see below). The
second peak moves slightly toward lower temperatures
as the Y content is decreased, while the first peak shifts
in the opposite direction. For Mg,Al hydrotalcite, the
first endothermic peak is recorded at 270 °C;2%%0 in our
case it is recorded at 143 °C for sample AlY1, at 170
°C for A2Y1, and the average temperature value for the
two peaks recorded for sample A4Y1lis at 175 °C. These
results are not unexpected, as the sample whose chemi-
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Figure 4. TG (dotted lines) and DTA (solid lines) profiles of
the A1Y1, A2Y1, and A4Y1 samples.

cal composition is closer to that of pure hydrotalcite
(A4Y1) shows the first endothermic peak at the highest
temperature. It should be also noted that peaks for
samples AlY1l and A2Y1 are rather broad. We can
tentatively argue that in all three cases two endothermic
processes should be included, but splitting is observed
only for sample A4Y1. The marked asymmetry in the
first peak here recorded is probably due to a heteroge-
neous distribution of water molecules, i.e., water mol-
ecules should be held with a different strength in the
interlayer space. Also the second peak shows a promi-
nent shoulder at low temperatures. As the Y3* content
increases, molecular water is removed at lower temper-
ature, in agreement with the lower charge-to-size ratio
for Y3+ than for AIST,

The TG traces are also included in Figure 4. Two
weight losses are recorded, coinciding with the endo-
thermic peaks in the DTA profiles. As expected, the
first weight loss for sample A4Y1 can be tentatively
resolved in two overlapped processes. The outline of
both DTA and TG curves are very similar to those
previously reported by several authors for hydrotalcite-
like materials,3! thus suggesting that a single phase
exists, as no additional DTA peak or TG loss are
recorded. However, weight losses and DTA minima are
recorded at lower temperatures than for hydrotalcite,
suggesting that the presence of Y3* in the lattice
somewhat favors water removal.

Total weight loss after calcination at 800 °C corre-
sponds to ca. 50% of the initial sample weight. From

(31) Sato, T.; Fujita, H.; Endo, T.; Shimada, M. React. Solids 1988,
5, 219.
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Table 2. Chemical Formulas of the Mg,AlY
Hydrotalcite-like Compounds Prepared?@

sample AW P formula

ALY1 48 [Mgo.74Alo.15Y0.11(OH)2])(CO3)0.130.87H,0
A2Y1 46 [Mgo.77Al0.18Y0.05(0H)2](CO3)0.11°0.74H,0
A4Y1 50 [Mgo,74A|o,23Y0A03(OH)z](CO3)0‘13'1.19H20

a Figures have been rounded to two digits. P Total weight loss
(%) after calcination at 800 °C.

the weight losses recorded up to the first plateau (ca.
245 °C) and the chemical composition of the samples
(see Table 1) and assuming that carbonate is the only
anion in the interlayer space (in agreement with FT-IR
data above), the amount of water molecules existing in
the interlayer space, and hence, the formulas of the
compounds, can be determined. The results are given
in Table 2.

Calcined Products. The nature of the crystalline
phases existing in the samples after calcination at
increasing temperatures are of interest. We have
chosen calcination temperatures from information pro-
vided by the DTA results. The samples were calcined
at 245 °C (after dehydration), 450 °C (immediately after
dehydroxylation/decarbonation), and at 700 and 1000
°C, where well-crystallized phases are expected to be
formed. Samples will be named AL1Y1/T or A2Y1/T or
A4Y1/T, where T stands for the calcination temperature,
in °C. The corresponding PXRD patterns are included
in Figures 5—7. The layered structure seems to be
stable up to 245 °C for samples A2Y1 and A4Y1l. The
poor crystallinity observed for the uncalcined sample
A1Y1 (Figure 1) results in a very weak pattern after
calcination at 245 °C. For the other two samples,
however, typical patterns of hydrotalcite-like material
are obtained, although the (00I) diffraction lines are
shifted toward lower spacing values, due to removal of
interlayer water molecules removal.

After calcination at 550 °C (i.e., after removal of
hydroxyl groups from the brucite-like layers, and car-
bonate anions, as carbon dioxide, from the interlayer),
the layered structure collapses, and only two peaks are
recorded at 2.106 and 1.489 A, corresponding to planes
(200) and (220) of MgO, respectively. However, these
peaks are very broad. Sato et al.32 have reported that
thermal decomposition of Mg,Al hydrotalcite at 420 °C
gives rise to formation of magnesium aluminum oxide,
that decomposes above 1000 °C to MgO and MgAl,O,.
Such a process leads to a decrease in the value of the
lattice constant as the AI** content increases, mainly
due to the lower ionic size of AI3™ than Mg2*. In the
present case, such a change in lattice constant a for the
rock-salt structure of Mg,Al oxide is difficult to check
for sample A1Y1, as the ionic size of Mg?™ is larger than
that of AI®* but smaller than that of Y3*. However, the
analysis of results for sample A4Y1 (where a very large
excess of AlI3* on Y3* exists) provides some clues on the
nature of the solid calcined at 550 °C. The lattice
constant a for samples A1Y1/550, A2Y1/550, and A4Y1/
550 are 4.219, 4.204, and 4.182 A, respectively (as
calculated by fitting the diffraction peaks to Pearson VII
functions33), while for MgO it is 4.212 A. That is, the
value of a decreases as the Y3+ content decreases (AI3+

(32) Sato, T.; Fujita, H.; Endo, T.; Shimada, M. React. Solids 1986,
2, 253.

(33) Hall, M. M.; Veeraraghavan, V. G.; Rubin, H.; Winchell P. G.
J. Appl. Crystallogr. 1977, 10, 66.
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Figure 5. PXRD diagrams of sample Al1Y1 calcined in air
for 2 h at the temperatures given.

content increases), in agreement with the ionic radii of
these cations.

Upon calcination at 750 °C the MgO peaks remain,
but additional weak peaks are recorded, ascribed to
different crystalline phases depending on the sample.
The lattice constant a for the rock-salt structure changes
from the values above given for the samples calcined
at 550 °C, approaching the value for pure MgO, in
agreement with segregation of Y3 and Al¥™-containing
phases, identified by PXRD. So, while for sample A1Y1
these peaks are due to Y,03 (Figure 5, main peak at
3.062 A), for samples A2Y1 and A4Y1 they may be due
to Al,Y4Oq. The presence of this compound cannot
undoubtedly be ruled out for samples A2Y1 and A4Y1,
where a rather low Y concentration exists. The MgO
are peaks better defined for samples A2Y1 and A4Y1
than for sample A1Y1.

The TG profiles for these samples show only a small
weight loss above 550 °C, but since this weight loss
extends over a wide temperature range, no defined effect
is recorded in the DTA profiles. On the other hand, no
weight loss is recorded above 750 °C. Hibino et al.3*
have recently proposed that the temperature for total
decarbonation of Mg,Al hydrotalcite depends on the x
= Al/(Mg + Al) ratio: for x = 0.33 such a decarbonation
is only completed after heating at 900 °C, while for x =
0.25 (i.e., the same M2T/M3* ratio as in our samples),
CO; evolution is almost complete at 500 °C. So, changes
in samples above 500—550 °C should be ascribed solely
to crystallization/phase changes.

Calcination at 1000 °C leads to crystallization of well-
defined phases. For sample A1Y1, peaks due to Y,03
vanish, and, instead, in addition to MgO peaks, new
peaks are recorded due to Al,Y4Og and to MgAI,O4. A
similar behavior is observed for samples A2Y1 and

(34) Hibino, T.; Yamashita, Y.; Kosuge, K.; Tsunoshima, A. Clays
Clay Miner. 1995, 43, 427.
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A4Y1, although in these cases crystallization of Al,Y4O0g
was not observed when the samples were calcined at
750 °C. Finally, the intensities of the Al,Y 409 peaks,
relative to those of MgO, are larger for sample A1Y1
than for A4Y1, as expected for the relatively larger
yttrium content:

ALYL (HT) 22+ a1v1 HT) 22°C 5 Mgor 22°€
—H,0 —H,0
—co,
1000 °C
MgO + Y,03 MgO + MgAl,O4 + Al,Y 409
245 °C ° 750 °C
AnY1 (HT) A2Y1 (HT) —=>22°C, mgor 25,
“H,0 “H,0
—Co,

o,

1000 °C
MgO + (up) ———= MgO + MgAI,0, + Al,Y,0q

n=24
up = unidentified phase, tentatively Al,Y 409
*solid solution with rock-salt structure

One of the most exploited properties of hydrotalcites
is their ability to recover the layered structure after
being calcined at temperatures of 400—650 °C, when
exposed to air®36 or immersed in a solution containing
different anions.3” This property is shown by hydrotal-
cite-like materials containing a volatile anion, such as
carbonate, and the maximum calcination temperature
after which recovering of the layered structure is
attained depends mainly on the nature of the cations
existing in the brucite-like layers.32:3536 This behavior
can be explained on the basis of the mechanism control-
ling the thermal decomposition of hydrotalcite-like
precursors:31:38.39 if g layered microstructure is retained
after the thermal treatment, recovering of the hydro-
talcite-like structure is possible.3® However, as far as
we know, no data have been reported in the literature
regarding reconstruction of calcined hydrotalcite-like
precursors possessing two different M2+ (or M3*) cations
in the brucite-like layers. We here report on the
behavior shown by the Mg—AIl—-Y samples.

Usually such a reconstruction is only observed from
samples where formation of well-crystallized phases has
not been completed (ca. 500 °C in most cases). We have
therefore checked reconstruction at room temperature
in open air of samples calcined at 750 °C, where only
crystalline solid solutions possessing the rock-salt struc-
ture have been identified by PXRD (in addition to Y,03
in sample A1Y1 and weak peaks, tentatively ascribed
to Al,Y4Og, for samples A2Y1 and A4Y1).

Reconstruction results for samples A1Y1/750 and
A4Y1/750 (i.e., those with the highest and the lowest Y
content) are summarized in Figures 8 and 9. First of
all, it should be noted that reconstruction takes place,
despite the markedly high calcination temperature. As
these figures show, reconstruction is clearly attained for

(35) Bish, D. L.; Livingstone, A. L. Miner. Mag. 1981, 44, 339.

(36) Moore, P. B. Lithos 1971, 4, 213.

(37) Sato, T.; Wakabayashi, T.; Shimada, M. Ind. Eng. Chem., Prod.
Res. Dev. 1986, 25, 89.

(38) Reichle, W. T. Chemtech 1986, 16, 58.

(39) Mascolo, G.; Marino, P. Thermochim. Acta 1980, 35, 93.
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Figure 6. PXRD diagrams of sample A2Y1 calcined in air
for 2 h at the temperatures given.
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Figure 7. PXRD diagrams of sample A4Y1 calcined in air
for 2 h at the temperatures given.

sample A4Y1/750, although for sample AlY1/750 a
weak, but distinguishible, peak close to 7.82 A, due to
planes (003) of Mg,Al hydrotalcite,® is recorded, to-
gether with the more intense diffraction lines due to
MgO. For sample A4Y1/750 such a reconstruction
process has undoubtedly taken place, with the main
diffraction peaks due to a hydrotalcite-like material at
7,67, 3.84, and 2.57 A.

Insets in both figures correspond to the 8° < 20 < 18°
range, where the diffraction line due to planes (003) is
expected. The insets correspond to the PXRD diagrams
of the original, uncalcined (hydrotalcite-like material),
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Figure 8. PXRD diagrams of sample A1Y1: (a) original, (b)
calcined in air 750 °C, (c) calcined in air at 750 °C and exposed
to air during 20 days. Inset: 8—18°(26) range for profiles (a)
and (c).
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Figure 9. PXRD diagrams of sample A4Y1: (a) original, (b)
calcined in air 750 °C, (c) calcined in air at 750 °C and exposed
to air during 20 days. Inset: 8—18°(26) range for profiles (a)
and (c).

and the reconstructed phase. It is worthwhile to notice
that this peak, recorded at 8.09 and 8.03 A for A1Y1
and A4Y1, respectively, shifts to 7.82 and 7.67 A in the
reconstructed material. This position is very close to
that of Mg,Al hydrotalcite, at 7.68 A.15

The lower extent of reconstruction for sample A1Y1
may be due to the irreversible crystallization of Y,03
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after calcination at 750 °C. In addition, the fact that
the basal spacing coincides with that of the Mg,Al
hydrotalcite suggests that segregation takes place,
reconstructing the fraction of the solid containing Mg
and Al, but leaving appart a phase of Y,03, probably
amorphous, as it was not detected by PXRD.

Conclusions

When Mg(I1), Al(111), and Y(I11) are simultaneously
precipitated under an air atmosphere from aqueous
solutions using NaOH and Na,COs(aq), a solid possess-
ing the hydrotalcite-like structure is obtained, with Mg-
(1n, Al(I), and Y(I1) ions in the layers. The AllY
atomic ratio depends on the relative concentrations of
the cations in the starting solutions. The Al/Y ratio
strongly determines the nature of crystalline phases
formed during prolonged calcination of these solids:
calcination of A1Y1 at 750 °C leads to formation of MgO
and Y,03, while calcination of A2Y1 and A4Y2 at the
same temperature leads to formation of MgO and one
unidentified phase (presumably Al,Y,Oq). However,

Fernandez et al.

calcination at 1000 °C leads to formation of MgO,
MgAl,O4, and Al,Y 40y, regardless of the Al/Y atomic
ratio in the starting material. When these materials
are exposed to ambient conditions for 20 days, recon-
struction of the layered structure is attained. This is
accompained by segregation of Y-containing phases, and
reconstruction leads to Mg,Al hydrotalcite.
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