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Note 

The enthalpy of forma?ion of aluminium titanate 
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The enthalpy of formation of AI,TiOs from the component oxides near the 
transition temperature has been reported to be 272 kJ,:moIe’_ h’owever, during a 
DTA investigation of phase transformations which occur during the heat treatment 
of A1203-TiO? powders condensed from a pIasma_ the enthalpy of formation from 
the oxides has been found to be an order of magnitude lower than the previously 
reported value. 

The AI,Oj-Ti02 powder used was prepared by the oxidation of mixed z’-lmi- 
nium and titanium haiides in an oxygen h&h frequency p&ma torch and consxsted 
of spherical particles approximately 0.1 pm diameter. In the composition range 
14-79 weight % Ti02, each particle consisted of a finely dispersed two phase misture 
of ii-Al,03 and rutile’. 

Differenrial thermal analysis of the powders was carried out using a Rigaku 
model MS076 micro-DTA TGA apparatus at a heating rate of 2O’C mm-’ to a 
maximum temperature of 1500°C with z-A120, as reference material. An exothermic 
peak, the temperature of which varied between ! 300 and 1240 “C dependin? upon the 
TiOZ content, and an endothermic peak which began at 1340 and was complete at 
1375”C, independent of TiOZ content, were observed. X-ray diffraction of heat 
treated powders showed that the exotherm was due to the transformation of &AI,O, 
to r-AI,OJ. and the endotherm to the formation of AI,TiO_s from Z-AI,O-, and rutile. 
The enthaIpies of the transformations were determined from the areas under the 
DTA peaks usirq the known enthaipy of transition of 5.94 kJ moie-’ at 12OOC for 
the tetragonal to monociinic phase change in zirconia3 for calibration. Zirconia was 
chosen because of the similarity of the temperature and enthaipy of the transfcrma- 
tion to those for the transformations of ;:-AI,O, and &A120j to Z-A1203 ; “Ugine 
Kuhimann” 99.9% zirconia powder was used. The enthalpies of transformation of 
pure &Al,Os powder prepared by the plasma method and “Linde B” y-Alto, 
powder to sr-Al,O, were also determined. The mean value of seven measurements 
for &Al,O, was - 11.7 kJ mole-’ with a range of -9.6 to - 13.8 and the mean 
value of four measurements for ~-li120~ was - 24.3 kJ mole-r with a range of 
-18.5 to -31.4. Several vahres for the enthalpy of r;-ansition from ;.-AJ,03 to 
cx-Al,O, have been reported with AH” (I = 25°C) ranging from - IS.4 to - 63.2 kJ 
mole-’ 4*5; the present results for both y-Al,Os and &A1203 however agree reasona- 
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bly well with the values derived from enthalpies of solution of -22.2 and - 11.3 kJ 
mole-’ at 750cc6. 

A man vaIue of 25-I kJ mole-’ from seven measurements, with a range of 
2X-26.5 was obtained for the heat of reaction of x-A1203 and TiO? to form AI,TiO, 
at 1340’C AIthou& similar methods for the estimation of heats of reaction from 
DTA measurements have been reported ‘*‘s it is recognized that the method may be 
subject to relatively Iarse experimenta errors, due mainly to changes in thermal 
conductivity of the sampie while the reaction is takinS place, particle size effects, 
and variation in sampIe packing 9_ Kostomaroff and Rey’ have shown that the thermal 
conductivity of fine powders is low, and changes during reaction have a negli$bIe 

effect. The orher effects were minimised in the present work by the small sample size 

(X-30 rnsj and uniform packing of the powders using a hand press, leading to an 

estimated error of iS kJ mole -’ in the enthalpy of reaction. 

There is evidence that the reaction AI,O, + TiO, + A12Ti0, is reversibie, and 

equilibrium occurs at approsimateIy 1300°C. Lang et aI_” have found that AI,TiO, 
is unstabIe at temperatures in the ranse 750-1300ZC and stabIe from 13OO’C to 

fusion_ HameIin’ 1 reported no reaction between the oxides at IXO’C and complete 

reaction at i15O’C and DTA measurements have given 13SO’C as the reaction 

temperature”. At equifibrium the change in free energ is zero and the enthalpy of 

reaction rnzy be estimated from the standard entropies of AItTiOS13, +A1203 and 
rutiie’. Assuming equilibrium at 13OO’C, the calcuIated value is AH = 17.6 kJ moie-‘, 
which is reasonably consistent with the DTA resuk 

The temperature correction for the heat of reaction from 1340 to 25@C, based 
on heat capacity data3** is I.7 W moie-’ and may be ne@ected. The standard 
enthaIpy of formation of aluminium titanate from its constituent eIements is then 

AH&Ti05 = H;;utilcf H~_.~IZO,~ H&,, = - 2.600 kJ mole-’ 
using the reported enthaipies of formation of rx-A&O, and rutiIe& 
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