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ABSTRACT 

Lithium aluminium hydroxy salts, obtained by exchanging the interlayer OH- groups of 
[LiAl,(OH),] OH.2H,O with solutions of the appropriate salt, were studied with respect to 
their thermal behaviour. These layered compounds of formula [LiAl 2(OH)6] X. mH,O, 
where X = Cl-, OH-, NO;, 1/2COz- and 1/2SOi-, show, upon heating, several decom- 
position stages depending on the interleaved anion. The decomposition intermediates were 
also examined in order to study their thermal stability and the structure of the interlayer 
arrangement. 

INTRODUCTION 

Synthetic Li, Al double hydroxide of formula [LiAl,(OH),] OH * 2H,O 
consists of positively-charged layers of [LiA12(OH)6]+ in which Li+ cations 
occupy, in an ordered fashion, the free sites of Al(OH), layers [l]. These 
positively charged brucite-type layers are balanced by an equivalent negative 
charge coming from an interlayer containing OH- anions and water mole- 
cules. 

Mixed hydroxy salts with analogous structures exist for a variety of 
divalent and trivalent metals with most anions [2]. Although the first 
synthesis of mixed hydroxy salts goes back more than fifty years [3], their 
importance is still relevant. Anionic exchange [4-71, ionic conduction [8,9] 
and antacid behaviour [lO,ll] are typical of the properties of such com- 
pounds. They are also interesting as precursors of oxyhydroxides obtained 
through controlled thermal decomposition. These oxyhydroxides also may 
be of interest because of their ionic conduction [12], since the presence of 
anions together with O*-/OH- pairs can enhance their ionic conductivity. 

With the exception of Ca, Al hydroxy salts [13], the decomposition 
intermediates of these compounds are not well known, while thermal be- 
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haviour has been studied only on salts of the following pairs of metals: Mg, 
Al [14-171 and Zn, Cr [12]. The thermal decomposition behaviour occurs in 
several stages to produce metal oxides at higher temperatures. 

EXPERIMENTAL 

Following the procedure previously published [ 111, the various anion-forms 
were prepared by exchanging the interlayer OH groups of [LiAl,(OH),] 
OH. 2H,O with solutions of the appropriate salt. These samples were 
equilibrated over silica gel at ambient temperature (21°C). 

The heat-induced weight loss of the exchanged forms was determined 
through simultaneous TG and DTA utilizing a Stanton Redcroft instrument, 
mod. 781. The following conditions were used: weight of the sample, 20 mg; 
heating rate, 10°C mm-‘; cu-Al,O, as reference material. All experiments 
were carried out under a dry nitrogen flow. 

The samples were also thermally treated at selected temperatures in an 
electrical furnace for 24 h and subsequently cooled in air. The decomposi- 
tion intermediates were characterized through X-ray powder diffraction 
analysis (XRD) using a Guinier de Wolff camera and CuKar radiation. 

Some samples were also chemically analyzed: chloride analysis was car- 
ried out according to Mohr’s method; the sulfate was gravimetrically de- 
termined as BaSO, and CO, content was determined by a cakimeter. 

RESULTS AND DISCUSSION 

Dehydration stage 

Figure 1 shows the DTG curves for the hydroxy salts and a-Al(OH), 
(bayerite) up to 1200°C. 

The effects observed below 200°C are related to the dehydration stage. 
The water content was calculated from isothermal weight-change determina- 
tions at selected temperatures assuming the formula [LiAl,(OH),]X * mH,O, 
where X = Cl-, OH-, NO;, 1/2CO;- and 1/2SO,2-. This water loss 
corresponds to the removal of the interlayer water according to the following 
and reversible process: 

[LiAI,(OH),]X+mH,O + LiAl,(OH&X + mH,O 

The accuracy of the evaluation of mH,O is affected by three factors: 
absorbed water, due to the small size of the particles; overlap, in some cases, 
of the dehydration stage with that of the subsequent dehydroxylation (as 
will be discussed later); partial carbonatation of the samples during the 
thermal dehydration treatment when carried out in air. The absorbed water 
was almost completely eliminated by equilibrating the samples over silica gel 
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Fig. 1. DTG curves of WAIF and [LiAl,(OH),] X.mH,O, where X = OH-, 1/2COi-, 
NO;, Cl- and 1/2SOi-. 

and submitting them as soon as possible to thermal investigation. The 
overlapping of the dehydration stage with dehydroxylation is very marked 
for the carbonate-form. The other anionic forms show both effects well 
separated (Fig. 1). This peculiar behaviour of the carbonate form, which is 
perfectly analogous to that previously found for Mg, Al hydroxides and 
related carbonate phases [15], may be related to the simultaneous presence 
of interleaved CO:- and HCO; species in chemical equilibrium, through a 
proton transfer [ll], as follows 

CO;- + H,O = HCO, + OH- 

In this case the effect of the loss of the interlayer water overlaps with that of 
the dehydroxylation unlike the hydroxide form which shows the two effects 
more separated. 

The evaluation of mH,O interferes with the partial carbonatation of the 
samples during the anionic exchange reaction and/or the thermal treatment 
in air. The degree of carbonatation is related to the interleaved anion type; 
in particular it changes according to the selectivity sequence found in the 
anionic exchange reaction [ll]. The sulfate form, in fact, characterized by a 
high selectivity value, shows no carbonatation unlike the other anionic 
forms. The degree of carbonatation of the samples changes from 15% for the 
synthetic hydroxide form to 4% for the chloride form obtained by anionic 
exchange. The small effect at about 250°C for the chloride and nitrate forms 
(Fig. 1) has been attributed to their partial carbonatation. 



70 

Fig. 2. Thermal stability range of samples in Fig. 1 towards the reversible dehydration 
process. 

The dehydration temperature of the interlayer water for the various 
anionic forms is higher than 100°C. The lower value for the chloride form 
( < 100°C) can be explained by taking into account the “hydrogen” bond 
that occurs for the water molecules in the interlayer. A hydrogen bond of the 
type Cl - . . H-O can be expected for the chloride form, energetically weaker 
than the bond 0 - - - H-O that occurs for the other anionic forms char- 
acterized by anions with oxygen content. Consequently the loss of mH,O 
for the chloride form takes place at a relatively low temperature. 

The thermal stability of [LiAl,(OH),] X - mH,O towards the reversible 
dehydration process has been estimated from X-ray patterns of the samples 
thermally treated for 24 h at programmed temperatures. These results are 
summarized in Fig. 2 in which the thermal stability range is represented by a 
full line. It appears that the chloride and nitrate forms are characterized by 
the widest range of thermal stability. 

In Table 1 the values of mH,O for the various anionic forms together 
with the layer basal spacings of the corresponding hydrated samples are 
reported. X-ray measurements on the dehydrated samples cooled from 
selected temperatures, revealed no significant change in the basal spacing 
with respect to the corresponding hydrated samples. This behaviour is 
different from that of [Ca,Al(OH),J OH * mH,O whose basal spacing 
changes with the interlayer water content [18]. 

TABLE 1 

Basal spacing c’ and interlayer water molecules of [LiAl,(OH,]X. mH,O 

X 

OH- cl- 1/2co,z- NO; 1/2so,2- 

cf (A) 7.50 7.70 7.60 8.80 8.70 
mH,O 2.0 1.0 1.5 l-l.5 1.5 



It must be emphasized that the variation of c’ values reflects mainly the 
interlayer content (anion + water molecules); the electrostatic attraction 
between the ~osi~ve~y-~ha~~ and the negat~ve~~~harged int~r~ayer~ which 
also ~n~~e~~ c” values, remains condom as the various ariionic forms are 
characterized by the same positively-~b~g~d layer. These data suggest that 
c’ values are only related to size and space arrangement of the interleaved 
anion while interlayer water molecules fill the remaining and available 
in~er~ayer sites. 

The hydro~de form, witb an ~~er~ayer ~o~~~~g one 033 anion and two 
water rno~e~~~ per unit formula, shows a C’ value smithy lower t&m that 
of the carbonate form {Table 1). This latter form, containing 1/2CO,2-, in 
place of OH-‘, and 1.5 water molecules, shows the interlayer oxygen 
packing of the corresponding hydroxide form. Pn any ease exchange of the 
OH groups with krger anions promote the removal of some uf the inter- 
layer wager ruojeeules re3at& to the byd~~de form, The vahre of anH,O, in 
fact, ranges between X and 1.5 (Table 1) 

As the NO, and CO;- anions are both characterized by a planar 
structure, the different observed c’ values (8.80 and ‘7.50 A9 respectively) 
may be justified by two differen* space ~angements. Car~nate anion 
~nter~~ves in par&ef to the basic laye$s$ while nitrate interposes orthogo- 
nally. A basal spacing equal to 8.70 A for the sulfate form suggests the 
tetrahedral form of this anion. 

The effect associated with the dehydro~y~at~on stage occurs at vzuiabk 
temperatures depending on the interleaved anion, Taking in account the 
thermal behaviour of Zn, Cr hydroxy salts [12] and of WADE, from 
which derives the statute of Li, AI compounds [II& the d~b~droxy~a~on 
stage may be repr~ent~ by the ~o~~o~~~ therm& d~~rn~os~t~un 

~iAl~~~~~~X -+ ~~A~~~U~~~-~~~~X + xHzO 

The dehydroxylation temperature of a-Al (CIH), lies between those of the 
Li, Al hydroxy salts as can be observed from DTG curves iar Fig. I., The 
hydro~de~ sulfate and ~bonat~ forms show the effect at lower tempera- 
tures untike the chloride and r&rate oz~es. These fast, when coo;teit from 
2CWC, showed the same X-ray patterns as the corresponding hydrated 
forms and with no significant variation up to 25Q*C for the chloride form in 
which all the initial chloride content was still present. The azknic form 
with X eqwl to OH-, COG- and SO~-J: coded from 2oO”C, show a sin&r 
X-ray pattern with weak and very broad re~~t~~~s. These ~n~de~~~~~ 
patterns have been attributed, on the ground of TG data and anion eontent 
in the dehydroxylated solids, to oxyhydroxide formation. Oxyhydroxides 
with an extended range of thermaS stability are those deriving from the 
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hydroxide and carbonate forms. Their X-ray patterns remained unchanged, 
up to 4OO”C, while the chloride and nitrate forms have a narrow stability 
range. 

Further decomposition stages 

With the exception of the chloride and sulfate forms, there were no 
significant weight changes between 800 and 1200°C and the final products 
were LiAl,O, and y-LiAlO, according to the Li20-A1203 system [19]. 

Among the decomposition intermediates, LizSO was identified in the 
sulfate form cooled from 250°C. Its formation may be represented by the 
following decomposition 

LiAl,(OH),_Sx0~0.5S04 + Li,_ZyA12(OH)6-2x~0x~(0.5 -y)SO, 

+yLi,SO, + (x’ - x)H,O 

The Li,SO, content increases by treating the sulfate form at increasing 
temperatures and attains a maximum at 800°C. Li,SO, disappears at 
1200°C following its decomposition as can be deduced from the weight loss 
rate which, starting from 8OO”C, reaches a maximum at 1150°C (Fig. 1). 

In the chloride and nitrate forms, cooled from 3OO”C, microcrystalline 
LiAl,O, [20] was identified. This justifies the narrow stability range of the 
corresponding intermediate oxyhydroxides. The broad effect with a maxi- 
mum at 88OOC for the chloride form is indicative of the sublimation of LiCl 
[21]. This sample, unlike the other anionic forms, does not generate y-LiAlO, 
[22] when cooled from 1200°C. 

The nitrate-form also shows a broad effect, with a maximum at about 
48O”C, due to the evolution of nitrogen oxides [23]. Microcrystalline LiAl,O, 
was observed in all cooled samples from 500°C. At 800°C with the 
exception of the sulfate form, a metastable form, a-LiAlO, [24] was identi- 
fied together with y-LiAlO, and y-LiAl,O,. This metastable phase disap- 
pears in cooled samples from 1200°C. 

CONCLUSIONS 

From this study the following conclusions can be drawn. 
The basal spacing c’ of the various anionic forms depends mainly upon the 
size and space arrangement of the interleaved anion between the basic layers 
with the interlayer water molecules that fill the remaining and available 
sites. 
The temperature for the dehydration stage of the interlayer water is affected 
by the interleaved anion and by the “hydrogen” bond type that occurs for 
the water molecules in the interlayer. 
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The samples are characterized by loosely-held interlayer water molecules 
which allow reversible dehydration, especially in the case of high selectivity 
anions. 
The thermal stability of the samples towards the reversible dehydration 
process changes with the interleaved anion type. 
Oxyhydroxides can be obtained through appropriate thermal decomposition 
of the hydroxy salts at selected temperatures. 
A metastable cr-LiAlO,, which disappears at high temperature, has been 
identified among the decomposition intermediates. 
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