
Clays and Clay Minerals. Vol. 45, No, 1.92-98, 1997, 

REHYDRATION OF Zn-Al LAYERED DOUBLE HYDROXIDES 
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Abstract-Rehydration is shown to be straightforward for the reconstruction of polyoxometallate-pillared 
layered double hydroxides. Zn-Al hydrotalcite-like minerals were prepared with Zn/Al ratios of 1 to 5 by 
coprecipitation at pH 7. Good crystallinity was obtained for sampies with Zn/Al ratios above 2. Thermal 
decomposition was achieved by calcining the sampies at 300 to 900°C. The calcined sampies were 
exposed to decarbonated water, with or without hydro thermal treatment to evaluate reconstruction of the 
hydrotalcite-like minerals by rehydration. Restoration of the hydrotalcite-like structure was found to be 
independent of the Zn/Al ratios for sampies calcined between 300 and 400°C; however, a second phase, 
aluminurn hydroxide or zinc oxide, was generally detected. A spinel phase, formed during the calcination 
of sampies at temperatures above 600 °C, inhibited reconstruction of the hydrotalcite-like phase. The 
rehydrated hydrotalcite-like minerals had Zn/Al ratios elose to 2, irrespective of the chemistry of the 
starting material. 
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INTRODUCTION 

There is considerable interest in the synthesis and 
application of layered double hydroxides (LDHs), also 
called hydrotalcite-like compounds (HTLCs) (Cavani 
et al. 1991; de Roy et al. 1992). They consist of pos­
itively charged brucite-like sheets with intercalated an­
ions and water molecules, and can be represented by 
the general formula: 

[Mr_xMT(OH}z]x+ [A;);;;·nH20]X- [1] 

short noted [MI) - MIII - A] with R = (l-x)/x and 
where MII can be Mg, Zn, Ni, Cu or Co and MIII Al, 
Cr or Fe. MIIJMIII molar ratios (noted R) between 1 
and 5 are possible (Miyata 1975; Reichle 1985). Such 
LDHs have have attracted attention as adsorbents (Mi­
yata 1983; Kopka et al. 1988), catalysts (Martin and 
Pinnavaia 1986; Suzuki et al. 1989) and precursors for 
catalysis (Clause et al. 1992). Their calcination yields 
a mixture of oxides (Sato et al. 1986) that show cat­
alytic behavior for many basic reactions (Cavani et al. 
1991). 

The high affinity of HTLC for carbonate anions pre­
cludes reversible exchange, thus making it unsuitable 
as an anion-exchange material. However, carbonate 
can be removed by thermal decomposition and the ox­
ides obtained will sorb anions when suspended in so­
lution to restore the hydrotalcite structure. Some cal­
cined HTLCs reconstruct the original hydrotalcite 
structure on exposure to aqueous solution (Miyata 
1980; Sato et al. 1987). However, other oxides need 
hydrothermal treatment between 80 and 250°C (Sato 
et al. 1988; Kooli et al. 1994) to reproduce the hydro­
talcite structure. This property has also been used as 
an effective route to a variety of materials, the method 
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being applied to intercalate both organic and inorganic 
anions (Chibwe and Jones 1989; Chibwe and Pinna­
vaia 1993; Kooli et al. 1994). 

In earlier work, we focused on Zn-Al and Zn-Cr 
HTLCs as anion-exchangers and proton conductors 
(Dupuis et al. 1990; de Roy and Besse 1991; de Roy 
et al. 1992). To the best of our knowledge, no work 
has ever been published conceming the rehydration of 
Zn-Al LDHs. This paper describes the reconstruction 
properties of Zn-Al LDHs. Numerous parameters were 
studied to characterize the nature of the products ob­
tained, including Zn! Al ratios, calcination tempera­
tures of precursors, temperature of hydrothermal treat­
ment and pH of the suspension. Powder X-ray diffrac­
tion (PXRD), Fourier transform infrared (FTIR) spec­
troscopy and chemical analysis by inductive coupled 
plasma atomic emission spectroscopy (ICP-AES) were 
performed to identify sampies. Extended X-ray ab­
sorption fine structure (EXAFS) was used to investi­
gate the change in the nature of the Zn environment 
during rehydration. 

EXPERIMENTAL 

The synthesis method used for the Zn-Al HTLC was 
similar to that described by de Roy et al. (1992). A 
solution containing zinc and aluminum chloride salts 
with Zn! Al ratios ranging from 1 to 5 was added to 
decarbonated water with vigorous stirring at constant 
pH = 7. The white slurry was aged ovemight. The 
precipitate was centrifuged, washed several times with 
decarbonated water and then dried at room tempera­
ture. 

The precipitates were calcined overnight under air 
atmosphere at temperatures in the 300 to 900°C range. 
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Table 1. Determination of Zn/Al ratios by chemical analyses and of a and c parameters for the original precipitate, the 
rehydrated phases without hydrothermal treatment and the rehydrated phases with hydrothermal treatment. 

Zn/Al ratio Original precipitate 

Sampies calc.t obs.* a (A) c(A) 

[Znj-AI-Clj 1.00 0.98 3.0631(3) 23.2216(2) 
[Zn2-AI-Clj 2.00 1.93 3.0738(5) 23.3037(1) 
[Zn3-AI-Clj 3.00 2.86 3.0887(7) 23.5303(0) 
[Zn.-AI-Clj 4.00 3.80 3.0890(2) 23.5966(7) 
[Zns-AI-Clj 5.00 4.87 3.1077(0) 23.5605(3) 

t Calculated from charged material. 
:j: Observed for the precipitation. 

The calcined oxides thus obtained were suspended in 
100 mL of decarbonated water, at room temperature 
(25°C). After being stirred for 1 h, some of the sus­
pension was hydrothermally treated in a Teflon cell, at 
autogenous pressure and at several temperatures in the 
range 50 to 160°C, overnight. The rest was kept in 
suspension and stirred for 18 h, without the hydro­
thermal treatment. The rehydrated oxides were centri­
fuged, washed with decarbonated water and then dried 
at room temperature. 

To exarnine the effect of the pH on rehydration, the 
pH of a suspension of calcined oxide and decarbonated 
water was adjusted to 4.5 by adding hydrochloric acid 
solution and to 10 by adding sodium hydroxide solu­
tion, before the hydrothermal treatment at 120 oe. 

Zn and Al in the products were assayed by ICP­
AES, using a IY 70 11 spectrometer. The PXRD pat­
terns were recorded on a Siemens D501 apparatus fit­
ted with a graphite back monochromator using CuKu 
radiation. The calculation of the lattice parameters was 

• bayerite Al(OH)3 

Zn/AI = 5 
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Figure 1. PXRD patterns of original precipitates with dif­
ferent Zn/AI ratios: 1, 2, 3, 4 and 5. 

Rehydrated sampIe Rehydrated sampie (hydrothermal) 

a (A) c (A) a (A) c(A) 

3.0774(1) 22.7641(4) 3.0749(6) 22.8269(2) 
3.0726(4) 22.9322(5) 3.0741(1) 23.2417(0) 
3.0740(6) 22.9319(2) 3.0745(2) 23.2133(5) 
3.0728(2) 23.0425(3) 3.0726(4) 23.1571(3) 
3.0706(7) 22.7456(0) 3.0713(8) 22.8822(7) 

performed using least-square refinement. The FfIR 
spectra were obtained with a Perkin-Elmer 16PC spec­
trophotometer (single beam) using the KBr pellet tech­
nique. The TGA diagrams were recorded with a Se­
taram TG-DTA92 analysis unit, at a heating rate of 5 
°C rnin- 1 under air atmosphere. X-ray adsorption spec­
tra at the K edge of Zn were obtained at the French 
Laboratoire pour l'Utilisation du Rayonnement 
Electromagnetique (L.U.R.E.) synchrotron radiation 
facility. The EXAFS analyses were carried out using 
programs written by Michalowicz (1991). 

RESULTS AND DISCUSSION 

Characterization of the Precipitate 

The Zn/Al ratios in the precipitates are given in Ta­
ble 1. There was a slight discrepancy between calcu­
lated and observed ratios, indicating that almost all Zn 
and Al ions were precipitated during synthesis. 

The PXRD patterns of the sampies (Figure 1) show 
that only an HTLC is detected, at different Zn/Al ra­
tios, except for a trace of bayerite phase (AI(OH)3)' 
also observed at Zn/Al = 1. The crystallinity of the 
HTLC was improved when the Zn/Al ratio was higher 
than 2. The peaks are indexed in a hexagonal cell with 
rhombohedral symmetry, where the c parameter cor­
responds to 3 times the distance between adjacent 
brucite-like layers, and the a parameter is almost the 
same as that of brucite (3.10 A). The interlayer dis­
tance, d, is approximately 7.9 A. This value is in the 
literature range (Miyata 1983; de Roy et al. 1992). The 
a parameter increased as the Zn/Al ratio increased (Ta­
ble 1) due to substitution of the Zn cation (r = 0.745 
A) by the smaller Al cation (r = 0.53 A) (Shannon 
and Prewitt 1969). The c parameter also increased with 
the substitution rate, due to the increase in the electro­
static interactions between the chloride anions and the 
positively charged layers (Brindley and Kikkawa 
1979). 

FfIR spectra are shown in Figure 2. Irrespective of 
the Zn/Al ratio, all of the sampies showed a strong 
broad absorption band at 3400 to 3500 cm-I, corre­
sponding to the v(OH) vibration. There was also par­
ticipation of water molecules whose B(HOH) mode is 
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Figure 2. FfIR spectra of original precipitates with different 
Zn/Al ratios: 1,2,3,4 and 5. 

reeorded at 1640 cm- I . The position of this band was 
shifted to relatively high frequeneies as the Al content 
deereased in the brucite-like layer, consistent with the 
studies of Hemandez-Moreno et al. (1985) and Kooli 
et a1. (1993). The peaks at frequencies below 800 em- I 

can be attributed to metal-oxygen vibrations v(M-O) 
and o(O-M-O) (Gastuche et al. 1967; Bish and Brin­
dley 1977). However, at Zn/Al ratio = 1, a shoulder 
band and a broad band appeared at 1026 and 800 cm- I , 

indieating the presence of a seeond phase already de­
tected by PXRD as Al(OH)3' The weak band in the 
region 1500 to 1400 cm- I can be attributed to carbon­
ate anions adsorbed during the synthesis. FTIR data 
agree closely with those of XRD analysis, and confirm 
that the erystallinity is improved at ratios higher than 
1, the bands at low frequencies beeoming sharper. 

There was no difference in the TGA eurves for 
products with different Zn/Al ratios. The TG curves 
showed 2 main weight losses in the ranges 20 to 280 
and 450 to 800 oe. The first weight loss occurred in 2 
stages. The first stage is attributed to the loss of phys­
isorbed and interlayer water between 25 and 180 oe. 
The seeond stage oceurred eontinuously up to above 
300 °C and corresponds to the elimination of structural 
hydroxyl groups in the basic layer (Martin and Pin­
navaia 1986; EI Malki 1991). At higher temperatures 
(450 to 700 0C), there was total dehydroxylation and 
elimination of interlayer chloride. De Roy et a1. (1992) 
have reported that the loss of CI- is aceompanied by 
the release of gaseous HCI during this step under air 
atmosphere. 

'" cu 
'.:::3 
'1jl 
s::: 
B 
.S 
cu 
:> 

'.:::3 

~ 

4 

+HTLC 
vZno 
.~O4 

+ 

calcination: 900°C 

original precipitate 

++ + ++ 
'---'---' 

12 20 28 36 44 52 60 68 76 

2 theta (Cu Ku) 

Figure 3. PXRD patterns of sampies in [Zn3-AI-CI] series. 
Original precipitate and calcined oxides obtained at different 
temperatures: 300, 600, 700 and 900 oe. 

THERMAL STABILITY. The PXRD patterns of the phase 
with Zn/Al = 3, the original preeipitate and the oxides 
obtained by the ealcination at different temperatures in 
the range of 300 to 900°C, are shown in Figure 3. 

For the sampIes heated to 300 °C, the diffraction 
pattern of HTLC disappeared and only the zine-alu­
minum oxide phase was deteeted. The a parameter of 
this phase (3 .225 Ä) was lower than that of pure zine 
oxide (JCPDS value 3.249 Ä), as a result of the in­
corporation of Al inside the zine oxide particles, in 
agreement with previous studies (Miyata 1980). At 
600°C, only a zine oxide phase was detected with a 
spinel phase beginning to appear around 700 oe. Cal­
cination at higher temperature (for example, 900 °C) 
eaused sintering of the mixed oxides, with segregation 
and formation of ZnO and ZnA120 4 phases with sharp 
peaks of the spinel phase. We then used the calcined 
eompounds to study the reconstruetion properties. 

Rehydration Properties 

WITHOUT HYDROTHERMAL TREATMENT. Influence of 
Zn/Al Ratio. The reeonstruction properties were inves­
tigated using the [Zn3-Al-Cl] oxides ealcined at 300 
°c, and suspended in deearbonated water. 

Figure 4 shows that all the oxides regenerated the 
original hydrotalcite structure after the 18-h rehydra­
tion, irrespective of the Zn/Al ratio. However, the 
Al(OH)3 phase was also detected in the [Zn I-AI-Cl] 
series and as traces for the other eompounds. A eertain 
amount of zine oxide phase was also observed, in ad­
dition to the HTLC. The proportion of zine oxide in­
creased at high Zn/Al ratios between 4 and 5. 
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Figure 4. PXRD patterns of rehydrated sampies prepared 
with ca1cined oxide obtained at 300 °C. Values are Zn/Al 
ratios of original precipitates. 

The a parameters of the rehydrated HTLCs (Table 
1) were usually lower than those of the original pre­
cipitates, except in the case of Zn/Al = 1, where it 
was higher. This suggests that not all Al ions partici­
pate in the reconstruction process. Aluminum hydrox­
ide was detected within the rehydrated product. The 
formation of aluminum hydroxide suggests that the 
calcined oxides are rich in Al on the surface, with 
formation of an amorphous alumina phase that cannot 
be detected by PXRD (Rebours et a1. 1994). 

For the other cases, a decrease in this parameter 
may be due to the behavior of the Zn ion. The zinc­
aluminum oxides were not totally rehydrated, and so 
some Zn ions could form an oxide phase (ZnO), or an 
amorphous zinc hydroxide phase undetectable by 
PXRD. 

The c parameters of rehydrated sampIes were al­
ways lower than those of the original ones, due to the 
presence of carbonate anions in the interlayer space, 

600°C 
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4 12 20 28 36 44 52 60 68 76 
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Figure 5. PXRD patterns of rehydrated sarnples of [ZnrAI­
Cl] series derived from ca1cined oxide obtained at different 
temperatures : 300, 400, 500, 600, 700 and 900 oe. 

and to the interactions between the positively charged 
layers and the anions. 

Effect 01 Calcination Temperatures. The ability to re­
store the original structure was examined for the ox­
ides calcined at different temperatures between 300 
and 900 oe. The results are summarized in Table 2. 

Figure 5 indicates that the calcined oxides could be 
rehydrated if the temperature of calcination was no 
higher than 600 oe. In addition to the HTLC, the pres­
ence of zinc oxide was also detected, and its PXRD 
intensity increased with calcination temperature. The 
rehydration was not achieved for the sampIe calcined 
at temperatures higher than 700°C; only traces of 
HTLC were detected with the spinel and zinc oxide 
phases. The formation of spinel-type phases makes the 
reconstruction process more difficult (Kooti et a1. 
1994). 

The a and c parameters decreased with an increase 
in calcination temperature of the precipitates, and were 

Table 2. Comparison of a and c parameters for [ZnrAI-CI] phase calcined at different temperatures between 300 and 600 
°C and rehydrated without hydrothermal treatment or with hydrothermal treatment between 50 and 160 oe. 

Rehydrated without hydrothermal treatment Rehydrated with hydrothennal treatmentt 

Calcination 
tcmperature CC) a (Al c (Al 

Hydrothennal 
temperature (Oe) 

300 3.0740(2) 22.9320(3) 50 
400 3.0670(5) 22.7393(1) 80 
500 3.0657(1) 22.6880(7) 120 
600 3.0654(8) 22.6027(4) 160 

t Calcination was carried out at 300 °C before the hydrothermal rehydration. 
:j: No HTLC is regenerated. 

a (Al c (Al 

3.0742(4) 22.9610(1) 
3.0740(7) 22.9663(2) 
3.0740(5) 22.9319(6) 

-:j: - :j: 
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Figure 6. Fourier transform of k3 weighted EXAFS spectra 
at K edge of Zn of [ZnrAI-CI] series:-original precipitate, 
+ + calcined oxide at 300°C and 00 rehydrated sampie from 
calcined oxide at 300°C (no phase correction). 

always lower than those of the original preeipitates. 
The deerease in the a parameter may be related to 
partial reaetivity of Zn before rehydration, eausing it 
to partieipate as a zine oxide phase. The possibility of 
partly restoring the original hydrotalcite-like strueture 
by rehydration of sampies ealcined at 600°C exeludes 
alumina (AI20 3) segregation during thermal treatment 
of Zn-Al LDHs, eonsistent with the results of Rey et 
al. (1992). 

The FTIR speetrum of the oxide obtained after eal­
cination at 300°C shows that the hydrotalcite strueture 
was lost. M-O vibration bands almost disappeared and 
broadened. After rehydration, a typical FTIR speetrum 
of Zn-Al HTLC with a strong band of the V 3 mode of 
the carbonate anion at 1370 em- 1 (Brindley and Kik­
kawa 1979) was obtained. The strong broad band at 
3540 em- 1 is due to the OH stretching mode and a 
shoulder eentered on 3000 em- 1 suggests the presenee 
of hydrogen-bonded water moleeules and carbonate 
anions (Hernandez-Moreno et al. 1985). As the ealci­
nation temperature inereased, there was no signifieant 
change in the FTIR speetrum. The intensity of the car­
bonate band decreased, meaning that the amount of 
HTLC within the rehydrated powders was lower. Con­
versely, the intensity of the band at 800 em -1 inereased 
and a new band appeared at 1100 ern-I, a result of the 
presenee of zine oxide within the sampies, compared 
to the FTIR speetrum of the starting precipitate. 

These FTIR data confirm the results obtained by 
PXRD analysis and are also in elose agreement with 
an EXAFS study eondueted at the K edge of zine on 
ealcined and rehydrated sampies. On Figure 6, the ra­
dial distribution of Zn is represented in the ease of the 

[Zn3-AI-CI] sampie. The 3 major maxima of radial 
eleetron density observed for these eompounds are 
easily assigned to the first 3 shells arising from ° at­
oms for the first and third peaks and Zn or Al atoms 
for the seeond peak. For the [ZnrAI-CI] original pre­
cipitate (synthesized at room temperature), the first 
peak is eharaeteristie of an oetahedral environment: 
the Zn2+ eation is surrounded by 6 oxygen atoms. 
When this phase was ealcined at 300°C, we eould 
observe a shift of this peak to the shorter distances 
and a deerease in its intensity. This modifieation eon­
firms the presenee of zine oxide at this temperature. 
In zine oxide, the Zn atom is in a tetrahedral environ­
ment. The surfaee area of the peak therefore deereases 
and the Zn-O distanee shortens. In the ease of the see­
ond peak, we observed a marked eollapse for the 
HTLC ealcined at 300 oe. The lamellar strueture was 
destroyed and the distanee obtained was elose to the 
pure zine oxide phase. As for the rehydrated phase, 
the seeond peak was loeated between that of the orig­
inal preeipitate and that of the HTLC ealcined at 300 
°C, meaning that 2 phases are formed after the reeon­
struetion proeess, a phase with the hydrotaleite strue­
ture along with the remaining zine oxide. 

WITH HYDROTHERMAL TREATMENT. Previous studies 
have reported that some ealcined oxides revert to the 
original strueture of the preeipitates with hydrothermal 
eonditions (Sato et al. 1988; Kooli et al. 1994; Courty 
and Mareilly 1983). This was attempted here. 

Effect 0/ Zn/Al Ratio. Different precipitates with vari­
able Zn/Al ratios were ealcined at 300°C and the hy­
drothermal treatment was earried out at 120°C as de­
seribed before. After the rehydration, the hydrotalcite 
strueture was obtained irrespeetive of the Zn/Al ratio, 
although the zine oxide phase was also deteeted in the 
rehydrated powders. The intensity of refteetions of the 
zine oxide phase was higher than that obtained in the 
rehydrated produet without hydrothermal treatment. 
For Zn/Al = 2, no signifieant amount of zine oxide 
phase was deteeted. As mentioned previously, after the 
rehydration, the a parameter of the HTLC is always 
lower than for the starting precipitate. This value was 
around 3.074 A, eorresponding to a ehemical eompo­
sition of HTLC with Zn/Al ratio = 2. 

Effect 0/ Calcination Temperature. As deseribed 
above, the ealeination temperature affeets the reeon­
struetion properties without hydrothermal treatment. 
We also investigated the inftuenee of this faetor. The 
temperature of the hydrothermal treatment was set at 
120°C and the calcination temperature varied from 
300 to 900 oe. The Zn/Al ratio was 3. 

At 300 °C, the HTLC was the major phase, eom­
pared to zine oxide. It was diffieult for sampies eal­
cined at temperatures in the range of 400 to 600°C to 
rehydrate and reconstruet the hydrotalcite strueture. 
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Figure 7 . PXRD patterns of sampIes of [Znr AI-CI] series 
hydrothermally rehydrated at different temperatures: 50, 80, 
120 and 160 °C. That far the calcined oxide at 300 °C, which 
is used for the hydrothermal rehydration experiments, is given 
for camparison. 

Only traces of the hydrotalcite structure were detected, 
and zinc oxide was present as the main compound in 
the product. Only the spineI and zinc oxide phases 
were detected as a mixture in the rehydrated powders 
when the precipitates were calcined between 700 and 
900°C. 

lnfiuence 0/ Rydrothermal Temperature. The Zn-Al 
oxide regenerated the hydrotalcite structure at 120°C, 
accompanied by the formation of zinc oxide. Accord­
ingly, to make the reaction more complete, we studied 
the influence of the hydrothermal temperature on the 
rehydration rate, for the range 50 to 160°C. 

The PXRD patterns (Figure 7) of the samples hy­
drothermally rehydrated between 25 and 80°C showed 
the typical pattern of the hydrotalcite structure, with 
that of a trace amount of zinc oxide phase. The inten­
sity of PXRD of zinc oxide increased with the hydro­
thermal temperature. This treatment favored the crys­
tallization of zinc oxide which was initially amorphous 
in the precipitation. At 160°C, only the zinc oxide 
phase was present and no reconstruction occurred, 
suggesting that the rehydration of zinc oxide is not 
favored at relatively high hydrothermal temperatures; 
only an improvement in the crystallinity of the zinc 
oxide phase (sharper PXRD peaks) was observed. For 
this case, we can suppose that, during the rehydration, 
amorphous alumina on the surface was rehydrated as 
Al(OH)3' and amorphous zinc hydroxide was formed, 
during the early stage of rehydration. Some of the 

amorphous zinc hydroxide then decomposed to ZnO 
in the range 120 to 160 oe. 

lnfiuence 0/ pR Medium. Kooli et al. (1995) reported 
that Ni-Al oxide was not rehydrated in water when 
calcination temperature varied from 400 to 600 oe. 
Rowever, the reeonstruction was aehieved in an acid 
medium by exposure to decavanadate solution; the pR 
therefore played an important role in this case. 

The hydrotalcite structure was found to be slightly 
reconstructed from the Zn-Al oxide ealcined at 400 °C, 
by the hydrothermal treatment at 120 oe. The pR of 
the suspension was 6.9. When this pH was decreased 
to 4.5 by adding hydrochlorie acid solution, the hy­
drothermal treatment at 120°C rehydrated the Zn-Al 
oxide to reconstruct the hydrotalcite structure. This 
time, the RTLC was the main phase accompanying 
zine oxide and zine hydroxide. Rowever, at higher pR 
values of the suspension (around 10), only the oxide 
phase was obtained. The pR conditions affected the 
reconstruction proeess and the lower pR favored the 
rehydration of the Zn-Al oxides. In the acid medium, 
all the amorphous phases around the calcined oxides 
were dissolved and there was a complete reconstrue­
tion of the oxide, without secondary reactions. The 
dissolution of some zinc ion was shown by the de­
crease in the a parameter, which varied from 3.088 to 
3.064 A. 

CONCLUSION 

We have shown that the [ZnR-AI-CI] HTLCs were 
obtained irrespective of the Zn/Al ratio, at pR 7. The 
hydrotalcite structure was eollapsed by calcination at 
300 °C, and zinc oxide doped with Al crystallized, but 
the formation of amorphous alumina and zinc alumi­
nates was not excluded on the surface of the zinc oxide 
particJes. Sirnilar phases have been previously reported 
in the Mg-Al and Ni-Al hydrotalcite eompounds. At 
higher temperatures, only sintered spinel (ZnAI20 4) 

and zine oxide phases were detected in the calcined 
sampies. The reconstruction was fully obtained by 
simple exposure to a solution of decarbonated water 
of the Zn-Al oxides ealcined below 400 oe. At higher 
calcination temperatures, this proeess was diffieult to 
aehieve, whatever the Zn/Al ratio and whether or not 
hydrothermal treatment was applied. However, zinc 
oxide spread as the hydrothermal temperature in­
creased. In general, the rehydrated phase had the hy­
drotalcite strueture and chernieal composition with 
Zn/Al = 2, irrespective of the initial eomposition. It 
was diffieult to regenerate the original hydrotalcite 
strueture when the spinel-Iike phase was formed. It 
thus seemed to be an inhibitor for the rehydration pro­
eess. Possibly, during the reconstruction process, there 
is a prelirninary reaction of rehydration at an early 
stage of reconstruction of amorphous phases and then 
arehydration of the Zn-Al oxides. 
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