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Effect of Thickness and Orientation of Alumina Fibrous

Thermal Insulation on Microwave Heating in a Modified
Domestic 2.45 GHz Multi-mode Cavity

Abdelhamid Harabi,” Noureddine Karboua, and Slimane Achour

Ceramics Laboratory, Mentouri University, Constantine 25000, Algeria

A rectangular piece of alumina fiber insulation was designed to prevent heat loss. The heat source was generated by a
susceptor material, which was used as a microwave (MW) absorber (heater). The thicknesses of different sides (frontal, lateral,
and longitudinal) of the insulation piece were varied from side to side to study the penetration level of MW electromagnetic
field coming from both horizontal and vertical incidences. The experience has shown an increase in temperature when top and
longitudinal thicknesses were decreased. It has also been found that specific orientation of the insulation box leads to a max-

imum MW heating efficiency.

Introduction

Because of the effectiveness (high) cost of ceramics
production using conventional sintering (CS), due to
theig higher sintering temperatures for longer holding
times. Therefore, to overcome this drawback an alter-

A . . .
native process, the so-called microwave (MW) sintering,
was proposed.
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Indeed, MW sintering of ceramics has gained much
attention during the last decade. Reasons for the grow-
ing interest in the use of MW energy include rapid
heating, enhanced densification rate, decreased sintering
active energy, and improved microstructure.' ™ MW
sintering also has the potential for energy and cost sav-
ings when compared with CS.">°® For example, at
1100°C the bulk densities of hydoxyapatite (HA) sam-
ples prepared from calcined bovine bone’ using CS and
MW sintering were about 2.49 (for 120 min) and 2.93
(for 15 min) g/cm3, respectively. Furthermore, a near
theoretical density (98.6%) was obtained when HA
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Development of a Microwave Heating System and its Application for the

Sintering of Ceramics Materials

Abstract

The aim of the present work was to reach thermal processing of ceramics materials using
microwave radiation. To achieve this aim a high temperature heating system working at 2.45

GHz was developed. The development of such heating system can be summarized into four main
steps:

First step: the development of a Heating element made with silicon ca8iclenfaterial as a

single piece with cylindrical shape. This element was able to receive samples with diameter

higher than 13 mm.
Second step: development of a thermal insulation based on fiber alumina mate@g) (vith a

double layer architecture more resistible to thermal choc.

Third step: development of a temperature regulator device to allow temperature controlling cycle
by programming the different desired values of heating parameters such as heating rate,
maximum temperature and socking time. The functioning of this device was based on the
principle of switch on and off of the magnetron electric feeding.

Forth step: development of a cooling system to ovoid magnetron overheating. This later
,generally , causes the shutoff if not damage of the magnetron by security switcher device of the
microwave oven. The cooling system allowed prolonged processing times froim to about

20 min. at high temperature valugd00°C-1650°G.

Some experimental studies were carried out on the four steps developed heating system. Mainly
the effect of electromagnetic field distribution inside the multy- mode cavity. This study has
revealed the possibility to concentrate the intensity of MW in the aria of the heating element

piece. Consequently the efficiency of heating was increased. In addition, the study conducted on



the effect of both insulation thickness and orientation on MW heating has permeated the
optimization of the thickness of the insulation to about 1.5 cm. in term of dimension and an angle
of orientation of 45° in term of position.

The developed heating system was investigated in heat treatment of three kinds of ceramics
materials: Mullite B8AI,032Si0;), Hydroxiapatite KA: Ca5(PO4)30H) and Diopsite
(CaMgSixOg) . It has been found that the obtained results concerned, especially, the MW

sintering densities were much higher than those obtained by conventional sintering.

Key words: Microwave (MW), MW Heating Element, Susceptor, thickness, Orientation,

Thermal Insulation, Mulite, Hydroxiapatite, Diopsite.



Développement d’un systeme de Chauffage a Micro-onde et sont utilisation

pour le frittage des Matériaux Céramiques

Résumeé

L'objectif majeur de la présente étude, cité en intitulé, est d'aboutir au traitement
thermique des matériaux céramiques, notamment leurs frittages, en utilisant les
radiations des micro-ondes opérant a 2.45GHz. Pour atteindre cette objectif nous
avons développez un system de chauffage a haute température. Le développement
de ce system peut étre résumé en quatre étapes essentielles :

% Premiere étape : Développement d’'un élément chauffant a base de carbure
de silicium @GiC) de forme d'une piece cylindrique creuse capable
d’accueillir des échantillons ayant un diametre de plus de 13 mm.

s Deuxiéme étape : était consacrer au développement d’'un system d’isolation
thermique a base d’aluminal¢O3) fibreux ayant une architecture en double
couche plus résistible aux choc thermiques.

% Troisieme étape: consistait en le développement d'un dispositif de

régulation de température permettant de contréler le chauffage en

programmant la vitesse, la température et le temps de maintien du cycle de
chauffage désiré. Ce dispositif est basé sur le principe d’ouverture et de

fermeture de I'alimentation du magnétron du four & micro-onde.

D)

L)

» Quatrieme étape : Développement d’'un system de refroidissement destiné a
éviter le sur-chauffage du magnétron qui entrainait généralement son arrét
par le dispositif de sécurité du four. Il a permit d’allonger les temps de
traitement de5 a 20 minutes dans l'intervalle des hautes températures
(1000°C-1650°G.

Des études expéerimentales ont suivi les quatre étapes de développement du system

de chauffage a micro-onde. Notamment I'étude sur l'effet de la distribution du



champ électromagnétique a l'intérieure de la cavité du four sur le chauffage a
micro-onde a permit la découverte d’'une méthode de concentration du champ des
micro-ondes au voisinage de I'élément chauffant ce qui a traduit un rondement de
chauffage plus élevé.

L'étude sur l'effet de I'épaisseur et de lorientation du bloc de [lisolation
thermique sur le chauffage a micro-onde a permit d’optimiser cette derniére a des
valeurs moyennes d’épaisseurs1dd centimetres et d’'un angle d’orientation de
45°,

Le system de chauffage ainsi développé a été investi dans le traitement thermique
de trois types de matériaux ceramiques : la MuB# 032Si0,), Hydroxiapatite

(HA: Ca5(P0O4)30H) et la Diopsite CaMgSibOg). Les résultats obtenus
notamment les densités de frittage par chauffage micro-onde étaient
considérablement élevés par apport a celles trouvés par la méthode

conventionnelle des mémes échantillons des matériaux précédant.

Mots clefs: Micro-onde, Elément chauffant, Isolation Thermique, épaisseur,

Orientation, Mulite, Hydroxiapatite, et Diopsite.
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