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ABSTRACT 

The kinetics of thermal dehydration of hydrotalcite, Mg,A12(OH),,C03.4H20, 

and other related hydroxycarbonates has been studied by analysis of both dynamic 

and isothermal weight loss data. The results obtained seem to indicate that the 

water loss occurs through a diffusion mechanism. These results are according 

with the layered structure of the compounds. 

INTRODUCTION 

Hydrotalcite, which ideal unit cell formula is Mg5A12(OH)15C03.4H20, is a 

mineral of anionic clays group. The structure of these materials is very similar 

to that of brucite, Mg(OHJ2. Here, the magnesium cation is octahedrally 

surrounded by hydroxyl groups; the resulting octahedra share edges to form 

infinite sheets. When some of magnesium in this lattice is isomorphously replaced 

by a higher charged cation, e.g.,Al 
3+ , then this Mg 2+_Al3+ -OH layer gains posit& 

ve charge. An appropiate number of interstitial anions, of almost any kind but 

most frequently carbonate, render this arrangement electrically neutral. 

Additionally, there are some water molecules located between each metal ion 

sheet. By synthesis, materials with Mg replaced by En. Ni, Co, etc. and Al rep15 

ted by Cr and Fe have been prepared (l-4). 

The thermal decomposition of hydrotalcite and related compounds has been 

previously studied (5-7). Below 300QC only interstitial water was lost reversibly 

and the structure does not change; between 250 and 550QC both carbon dioxide and 

further water from the dehydroxylation were lost with destruction of layered 

structure and formation of a mixture of metallic oxides. 

In this paper, the kinetics of thermal dehydration of various Mg,Al and Mg,Fe 

hydroxycarbonates, with molar ratios M 2+ 3+ /M 2/l and 3/l, are studied through 

the analysis of isothermal and dynamic weight loss data. 
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zeg,Al and lgg,Fe hyd~xy~%~~tes were prepared by slow add%tion of an NaCH 

svlutivn to a mixed and diluted solution of Mg2"and A13+ 
2+ 

o= FIS and Fe3.*.with 

molar ratios P/8+ 2/l and 311 until a final pH about 10. The mixture wL1$ 

vigorously stlirred during the reaction, and the resulting gel was hydrothermally 

treated for severa days at 13OQC to impr~s crystallinity. 

The compounde were characterized by X-ray powder diffraction patterna reoQrded 

on a Siemens RFjQo diffractometer using Cu Ko radiation. Hgg, Fe and Al were deto~ 

mined by atvmic absorption spectrometry on a Perkin-Elmer 380 spectrametX% 

A Rigak~-T~~mof~ex TC4TA instr~@nt ~88 used fvr the heating experfmants. 

90th isothermal %nd ~ont~nuo~-heati~ TG curves were recorded under an air 

atmosphere using =3C mg of sample. 

Kinetic &naIysis of the isothemal cumes WQB aarr%ed out by means of th@ 

general kinetic equation: 

g(a) = kt (11 

where o is the reasted fraction at time tr k irs the rate constant of the rsoctian 

and g(a) is a function depending on the mechanism aeeumed for the reaction, 

Various espr#eaions taken from the literaturia md covering homogeneous (FX), 

diffusion-controlled fDI,D2LDS,Dqf. phase-boundar~~~nt~lled fR2,R3) and random 

nucleation (A,,A,j reactions were applied. %eduead tfme" master plots gS) and 

%xln" $91 m~t~vd~ uere also used.- 

Kinetic analysis vf the TG data was carried out using the method descrjlhed by 

Cvats and Radf#rn flC) that employs the following expression: 

In g(a) - 21n T s In E - e (2) 
EB RT 

where T is the temperature, E the activation energy, A the pre-expon@ntirl 

Arrhenius factvr, R the gas constant and g the heating rate. 

RESULTS AND DXSCUSSLOR 

Sever‘s1 fsa~~arms fcr the dffferent B&Al and &Fe E@FO~CX&VXWW prepared 

were recorded in ~%er to obtain infonnatf~~ @XX% the dehydration ~tf th@rpa 

ronrpaunds. F&use 1 shc~s t&e fsothema% trams for Hg.JU-=S iMd &Q%-GQS in 

the range 120-L50~C and lSO_I~O~C. reapactivttly. These curves have sitofle~ shape 

that abservst3 for analogous NiqA.12fOH)12SO~.nH20 (11). 

The plot of a vs. t according with the squativn (1) permit obtain the rate 

constant V&MI, These values, with the correapvnding linear regression 

coefficient& for isotherms at 130 and 150fiC of I(g3Fe-W3, obtained in the range 

0.2 < o c 0.6 are included in Table 1. Similar results were obtained for other 

temperatures and oompaunds. 
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Fig. 1. Isothermal curves for dehydration of Mg,A12(OH),,C0,.4H20 and 

TABLE I 

Rate constants and regression coefficients values obtained from g(a) vs. time 

plots for the isotherms at 130 and J5OQC of Mg3Fe-CO3 in the o-range 0.2-0.6. 

13OQC 16OQC 

Mechanism k r k r 

0.0038 0.949 0.0692 0.981 

0.0029 0.926 0.0467 0.961 

0.0023 0.916 0.0346 0.952 

0.0012 0.941 0.0266 0.969 

0.0011 0.944 0.0189 0.973 

0.0016 0.966 0.0327 0.983 

0.0011 0.971 0.0218 0.990 

0.0003 0.977 0.0064 0.996 

o.ooo2 0.973 0.0064 0.992 
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These results seems to indicate that the data in Fig. I conform better to 

first-order or diffusion kinetics. 

The values of the rate constant, k, calculated from different kinetic models 

were plotted as a function of l/T, according to Arrhenius law, and the activation 

energy values calculated (see Table II). 

TABLE II 

Activation energy (KJ.mol 
-1 

) calculated from the application of the Arrhenius 

equation to the kinetic data for selected kinetic models in Table I 

Mechanism Rg,Fe-CO3 Rg2Fe-CO3 Pag,Al-CO3 Mg2AHO3 

F1 

Dl 

*2 

D3 

D4 

9.8 

10.2 

9.9 

10.4 

10.4 

10.9 

11.3 

11.7 

12.0 

11.8 

8.2 

9.5 

9.8 

10.1 

9.9 

18.0 

la.5 

19.2 

19.9 

19.4, 

It should be noted that the activation enexgy is practically independent of 

the kinetic mechanism. This is in agreement with that found in other kinetic 

analysis (11,x2) and a theoretical explanation for this fact has been proposed( 

The activation energy increase as the compound molar ratio H 
2+ 3+ 
f!+5 decrease. 

This result suaest that the greater the extent of substitutionof M 
2+ 3* 

byM and 

hence the positive charge density in the basic layer, the stronger the attraction 

between layers which could account for the fact that the loss of molecular water 

take places at higher temperatures (6) and is accompanied by higher activation 

energy. 

Non-isothermal method of the kinetic analysis was applied to dynamic TG traces 

(Fig. 21, which was converted intoa-T plots end analyzed by means of the Coats 

and Redfern method (10). The values of activation energy for FL, Dl, D2' D3 and 

D4 are similar that obtained for isothermal. method but the corresponding reEression 

coefficients allowed cannot be used to discern the true mech~~~ governing the 

dehydration, 

On the other hand, the "reduced time" master plots method which involves 

plotting 0 vs. t/t, 6 (to 5 is time for a :: 0.5 has been suggested by several . . 
authors in order to discern the mechanism describing a solid-state reaction. The 

reduced time plots calculated from the data in Fig. 1 are compared in Fig, 3 with 

the series of master plots. The results indicate that the dehydration in the tem- 

perature range 13O-16WC exhibits a behaviour intermediate between those the first 

order (EL) and diffusion-controlled model(D1, D2* D3, D4). 
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100 500 T°C 

Fig. 2. DTA and TG curves for samples MgCFe2(OH)16 CO 4H20 and Mg6A12(OH)16C03.4H20 3. 

A 

0. 

Fig. 3. Comparison of isothermal data at various temperatures with a series of 

reduced- time master curves. 

Additionally, the"lnlri'method which requires determination of the slope m of 

the plot of ln[-ln(l-a)] vs. lnt has been applied. The analysis of these data 

leads to m values as shown in Table III. It can be seen that the m values increa 

se when the reaction temperature does. At temperatures between 120-150QC these 

values are consistent with those corresponding to a diffusion mechanism in agree 

ment with the results obtained for the "reduced time" plots. 
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TABLE III 

Values of m resulting of the "lnln" analysis for the isothermal data in Fig.1. 

Temperature (PC) Mg3Fe-CO3 Mg2Fe-CO3 Mg3A1-CO3 Mg2Al-CO3 

120 - - 0.41 - 

130 0.54 0.43 0.48 0.40 

140 - - 0.80 0.56 

150 0.60 0.62 0.90 0.79 

170 1.01 0.65 - 0.60 

180 1.00 0.90 - 0.80 

190 0.95 0.80 - - 

m values reported (9): Fl(1.00);R2(1.11); R3(1.07); A2(2.0); A3(3.0); Dl(0.62); 

D2(0.57; D3(0.54); D4(0.57). 

At higher temperatures the m values deviate from a diffusion mechanism. 

This effect is most accusated for the Mg3Fe-CO3 where an overlap of two endother- 

mic peaks occurs (Fig.2). Therefore, the m values calculated on the basis of 

isotherms obtained at high temperatures must be interpreted with precaution. 

The above results are similar that obtained for Ni4A12(OH)12S04.nH20 (11) and 

the interpretation is analogous. The loss of the interlayer water results in a 

gradual decrease in the interlayer spacing (14). This accounts for the fact that 

the dehydration proceeds rapidly up to an a value dependent on the temperature 

above which the water escapes only with difficulty. This assumption explains the 

fact that a plateau is reached in the isotherms in Fig. 1. and higher temperatu- 

res are required to accomplish complete dehydration. 
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