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The effect of the chemisorbed hydroxyl groups on the thermal diffusivityalfimina is determined

by evaluating the thermal diffusivity at various degassing temperatures and by doping it with rare
earth oxide using photoacoustic technique. The thermal diffusivity is found to decrease with the
increase in degassing temperature as well as with the increase in the doping concentration of rare
earth oxide. This decrease has been attributed to the loss of hydroxyl ion from-#igO;.

© 1999 American Institute of Physid$0021-89789)08202-X

Alumina (Al,O,) is an important material in adsorption coupling gas with a sensitive microphoteBy studying the
and catalysis. It is widely used as substrate material in evolvehopping frequency dependence of the acoustic signal gen-
ing technologies such as microelectronics, magnetic, and operated in the coupling gas at a fixed optical wavelength, the
tical devices, and protective coatings. Among the severahermal diffusivity of the sample can be evaluated.
crystallographic modificationsthe transition phases and This communication deals with the study of the effect of
v-Al, O3 are of special interest since they can provide highOH ions on thermal diffusivity of alumina, by evaluating its
specific surface areaé=200 nf/g). These modifications thermal diffusivity after heating to various degassing tem-
have a defect lattice of the spinel typ&. peratures and doping it with rare earth oxide. In the single

When exposed to moist air the alumina surfaces are tetseam PA spectrometerassembled for the present investiga-
minated by a monolayer of hydroxyOH) groups®~' When tion, the 488 nm line of an argon ion las@iCONiX 5300)
degassed at higher temperatures, these surface OH groupas been used as the pump source. To generate acoustic sig-
get progressively removédAt about 900—1000 °C these nal in the PA cell, the pump beam is modulated using an
OH groups get completely expelled, leaving coordinatéd O electromechanical chopper. The acoustic signal generated in
on the outer surface layer. The removal of OH ions by conthe coupling medium is detected by a small, highly sensitive
densation results in defect lattice as the sample is heatdd00 xV/Pa microphone is kept close to the sample com-
beyond 500 °C:* partment and its output is processed by means of a lock-in

The performance of the pure oxides can be considerablgmplifier (EG & G Model 5208.
changed by supporting and/or mixing oxide systems. For ex- Thermal diffusivity can be evaluated from the chopping
ample, adding rare earth oxides promotes the effectiveness &equency dependence of the PA sigHdFor a given sample
alumina due to the formation oR—O-Al bond [RAIO; thickness (), one can have a transition from a thermally
phasé® On the basis of transmission electron microscopythin regime to thermally thick regime by increasing the chop-
(TEM) data, it is found that the presence of rare earth cationping frequency. The transition appears as a slope change at
modify the crystal growth characteristics of 8; and that the characteristic frequency ) in the log (amplitude ver-
the lanthanides hinder the reactivity of strong Lewis acidsus log(frequency plot. Knowing the actual thickness of the
sites at the AlO; surfaces. Thus, the OH content of aluminasample (s), the thermal diffusivity(«) can be calculated
decreases on rare earth doping. using the relationg=13f .

Apart from the catalysis and adsorption studies, evalua- In our experiment,y-Al,O5 is prepared by the dehy-
tion of thermal parameters of XD;, like thermal diffusivity,  droxylation of hydrous oxides at low temperature
are important means of thermal characterization. It has beefr-350 °0O.1’ The mixed oxide is prepared by coprecipitation
well recognized that the photoacoustRA) effect is an ef- from a nitrate solution. Aqueous ammonia solution is added
fective technique for evaluating the thermal diffusivity of to a mixed aqueous solution containing rare earth nitrate and
samples®~"The basic principle behind the PA effect is that aluminium nitrate. It is then dried overnight at 110 °C and
when a sample is illuminated by an intensity modulatedthen calcined at 400 °C f@3 h to form the mixed oxide.
(chopped light, the resulting periodic optical absorption To determine the thermal diffusivity, 0.4—-0.7 g of the
generates stress and thermal waves in the sample. The Pample is pelletized under high pressure. Keeping the sample
signal can be detected either directly by using a transducer i¢in the form of a pelletin the PA cell, the frequency depen-
contact with the sample or indirectly by keeping the sampledence of the acoustic signal amplitude is studied. Determin-
in a cell and measuring the acoustic wave generated in thiag the sample thicknessg and the characteristic frequency
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2.55 TABLE I. Thermal diffusivity of Al,O; doped with NgOs3.

ls fe Al,O3 Nd,05 Thermal diffusivity

2.50 X103 m (Hz) (%) (%) X107 m?s
(a) At room temperaturé30 °C).
2.45 1.15 37.9 100 0 0.5020.001
X] 0.89 45.6 95 5 0.36%0.001
2 0.93 30.5 90 10 0.2640.001
Et 2.40 0.87 33.9 80 20 0.2570.001
o 0.86 333 40 60 0.2460.001
o 0.82 33.9 20 80 0.2280.001
L2 235 0.54 33.9 0 100 0.0990.001
(b) At 500 °C.

2.30 ls fe Al,O, Nd,O, Thermal diffusivity
X103 m (H2) (%) (%) X104 m?s
2.2544 L 1 . : - . 1 L 1.15 34.8 100 0 0.4610.001
1.3 1.4 1.5 1.6 1.7 1.8 0.89 38.9 95 5 0.2620.001
log frequency 0.93 34.5 90 10 0.2480.001
0.87 30.6 80 20 0.2110.001
FIG. 1. The log—log plot of the variation of signal amplitude with frequency  0.86 29.6 40 60 0.2090.001
at room temperature. (ADg=100% and NgOg=0%). 0.82 28.1 20 80 0.1890.001
0.54 325 0 100 0.0950.001

(fo) from the log—log plot(Fig. 1), the thermal diffusivity

can be calculated. Then the 8 se:mple Is kept N an oven seen that the decrease in the thermal diffusivity of®ldis
at a set temperatu®00 and 1000 °Cfor abou 3 h inorder ! .
: i . ..much less than that of AD;. This further confirms the role
to degas it so as to eliminate the OH ions. The thermal dif- ; ;
- : . of OH ions on the thermal properties of Al,.
fusivity (a) of Al,O; at each set temperature is determihéd. . : ) .
e L With this supporting evidence, we can conclude that the
The thermal diffusivities of copper and aluminium were also : L e
: : : OH ions have significant effect on the thermal diffusivity of
determined to calibrate the present experimental setup. Thaumina
values obtained in the case of copgrl77 cni/s) and alu- '
minum (0.979 cni/s) agree ‘well with the reported values The authors are grateful to the Department of Science
(1.16 and 0.98 cfifs, respectively The accuracy of the mea- and Technology(Government of Indigfor financial assis-
surements depends on the determination of sample thickneggnce. One of the authof$.S.R) is grateful to B. Ambadi

(Is) and characteristic frequency ). The values of thermal (deceasexifor his active participation and moral encourage-
diffusivity are correct up to the third digit. ment.
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