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Results of conductivity (ac) rmmurements are reported for synthetic mixed 

mtaJ. hydroxides as a function of temperature, ranging fmn 323 to 353’K, and 

relative hunidity, ranging from 50 to 80%. 

Tfr: polycrystaUfne canpacts of Isy&wl mixed hydroxides show protonic 

conductivities arising fran the interlsyer region. 

The conductivity is strongly depmdent on the temperature, relative humidity 

and cqition of mixed metal hydroxides. 

'Ihe ccnductivities are anisotropic with the direction of forming pressure 

owing to the preferential orientation of lamAlar crystals, psrtic3.iIsrly 

evident with powders characterized by high crystal size. 

Mixed metsl hydroxides msy be represented by the general foma.iLa: 

I: ~(1111 xM(III)x(CH)2 +x (x/n) Xsn*fl-p, 
1 

here M(II)=Mg, Zn, Ca...; M(III)=Al, Cl-:..; X-"=CX$, CH...; n=anionic charge. 

The M~I~)~(III) ratio changes betw&n 1 to 5 with preferential values of 2 

snd 3.lJ-1eatxwegeneraI formlahsf3baene&endedinclud3ngalso: 

k AI2 (M)6] (x/n) X-".Y HzO, 

a hy&xcalcite-l&e canpound with a momvalent cation (1). 

The structure of such layered caqmnds has been reviewed by Allnmn (2) 

Thed Atuzlys~ Proc. 9th ICTA Congress, Jerus&m. Israel, 21-25 Aug. 1988 
004O-6031/88/$03.50 (8 1988 Elsevier Science Publishers B.V. 



88 

ad Ta,~lor (3). It consists of positively-charged layers: 

1 M(II)l_x M(II1) (OH)2 +x 
J 

with or without ordered cations balanced by sn equivalent negative charge 

(x/n) hn.yH20 coming from interlayers anions; water molecules are also present. 

Actually there is a high interest in these materials for use in the areas 

of catalysis, anionic exchange, ionic conduction,etc. 

The high protonic conduction of Zr-Cr hydroxide (4) with hn=CEI- has been 

explained by the presence of the OH-/H20 species of interlayer through which 

protons could move by Grotthus mechanism. 

Anionic conduction with values ranging between 10 -3 to 10-4fi-1.cm-1 were 

also observed on compacts of Zn2 Cr (CH) 

such as F-, Cl-, Br- etc. (5). 
[I. T 

X-.yH20 with interleaved anions 

Compounds belonging to Ca-Al hydroxide intercalated with different anions 

exibited conductivities depending on either the intercalated anion and/or the 

relative humidity (6). This behaviour closely resembles that of other layered 

materials (7-10). 

In this paper the a.c. conductivity measurements carried out on double 

hydroxides belonging to Li-Al, Ca-Al and Kg-Al pairs are reported. Complex 

impedance as a function of temperature, ranging from 50 to 80'C, and relative 

humidity, ranging from 50 to 80%, were measured on polycrystslline compacts 

of such compounds. 

Mixed metal hydroxides of composition 

(OH) 

prepared according to previous papers (11-13). 

Samples for conductivity measurements were obtained by pressing the powder 

at 4CMPa into pellets 6tlchn thick, 16mn long and 8mn wide. For each mixed 

hydroxide two specimens were prepared: one obtained by coating with a silver 

paint the opposite faces parallel to the forming pressure, the other one by 

coating the faces perpendicular to the forming pressure. The a.c. 

conductivities were measured in the rsnge 10~+6~10" Hz with a Solartron l25OFRA 

and a Solartron 1286 electrochemical interface connected to a HP 86B desktop 

computer. The silver-coated faces of the pellets were connected with copper 
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wires. This arrangement was sealed into an &lenmeyer flask containing 

appropriate saturated solutions on which the samples were equilibrated at a 

constant value of relative hmdity. The cells were thermostated in an oven 

with temperature regulation. Before each measurement in controlled 

bgrcmetry and temperature the samples were equilibrated for several days. 

Table 1 illustrates the crystal size and morphology of the mixed hydroxides 

as a function of the composition. All samples have been obtained through a 

hydrothermal treatment at 5O'C with the exception of Ca-Al hydroxide which 

forms at lower temperature (25OC). 

A characteristic of such hydroxides is the predcminant growth of the 

crystals on the edges giving hexagonal-plate crystals having comparatively 

little thickness parallel to its principal axis (c-axis). 

TABLE 1 

Crystal size snd morphology of mixed metal nydroxides 

Composition IQ/Al=2 MidAl= &l/Al=2 Li/Al=o.5 

Temperature of the 
hydrothermal treatment 

('0 50 50 25 50 

Morphology A A B A 

Size of platelets (km) 
width 

tickness 
0.5 o-3 6 0.8 

4 0.1 co.1 0.3 co.1 

A= Pisolitic aggregates of thin platelets 
B= Hexagonal platelets 

Ca-Al hydroxide resulted in well defined hexagonal crystals unlike the 

other mixed hydroxides that showed thin, poorly crystallized platelets. 

The conductivities ware measured frcm typical impedance plots in which an 

arc is present at high and msdiun frequencies, while an almost linear region 

is seen in the low frequency part of the plot, probably related to electrode 



90 

polarization. This trend does not chsnge substantially with the various 

parameters considered such as compceition of the samples, temperature and 

de- of humidity. The relative d.c. resistance of the bulk samples ms 

obtained by the extrapolation of the arc on the real-impedance axis. The a-c. 

conductivity so measured on pellets gradually dropped to lower values due to 

the carbonation of the samples during the exposure to air. The interlayer OH 

groups of the samples ace, in fact, easily converted into cartmate sniohs 

that, according to the following reaction, sre held very tenaciously: 

OH-qH20 + (1/2)co2 ------+ (1/2)co 3-2*(y-0.5)H20 + 0.5H20. 

lhis reaction reduces the intercalated water molecules as was observed -for 

Mg-Al hydroxide (14). This behaviour is confimed for both Li-Al and Ca-Al 

hydroxides too. In fact in DTA curves of plain bdroxide, partly and fully 

carbonated forms of IL-Al hydroxides, the endothermic pesk at lower temperature 

(ti2OO'C), related to the loss of the intercalated H20 molecules, gradually 

disappears with the degree of carbonation (fig.1). 
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Fig. 1. ERA curves of M-Al hydroxide at different degrees of caxbamtio*; 

a,bsnd c: fully hydroxide, partly carbonated (20%) and fully carbonated forms. 
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This bypA?hesie agrees with the cont~rsneous presence of cartite and 

bicarbonate ions observed from IFI spectra of carbonate form of LA-Al hydroxide 

(15). The reduction of both 30 molecules and/or concentration of the sniotic 

species of the interlayer decrease s the probabifity of pmt5ns $mpi.ng f'rm 

H2O to aniona ao redwing the conductivkty as carbonatim occurs. 'II'S a,e. 

conductivitfea, km report&, refer, ~~~~t~~ to mlly c2&3rwte 

sqles, the&ablest fo~~~of~~~~~~~~a~ 

Fig.2 sm9zee the complex of the rem.&tlng a.~. conductivitiea of the 

samples as a funeticn of ccqmsition, degrea of hunidity and tempera&m!. It 

can be seen that the temperature dependence8 of the conductivities are oF the 

Arrhenius type. The composition of the mixed hydroxides and relative htidity 

plsy sn important role on the conductivity vales. 

-6 

2-a 

Fig. 2, Conductivity dependence 

and directim (l=perpendicular; 

&&oxides. 

on tqrature, degree of hwnidity, ccqmition 

if=peralleX) of farming gmX3sure of mixed met&G. 
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Mg-AI hydroxide with low Mg content (Mg/Al.=2) shows highest vaIues of 

conductivity; @l-AI hydroxide presents the strongest dependence of 

conductivity with the degree of humidity. In fact, it has teen practicaIIy 

impossible to measure conductivity values at 50% of RH using 'equipments 

indicated in the experimentdl part. Resides this sample shows the strongest 

dependence of conductivity with the direction of forming pressure of the 

pellets. The vdlues measured perpendicularly to the direction of forming 

pressure, in fact, are on average 18-20 times higher than those measured in 

Parallel. These findings may be justified taking into account the relative 

large crystal size of Ca-AI hydroxide (Table 1). In this case the unisxial 

forming pressure favours the preferential orientation of the hexagonaI 

platelets of Ca-AI hydroxide. 
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