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[57] ABSTRACT 

A process and an apparatus are provided for drying 
molded ceramic objects using ‘a combination 'of 
microwave heating and air ventilation. The objects are 
heated rapidly in a ?rst microwave cavity oven while 
applying a relatively light flow of air. The objects are 
then maintained at a constant temperature in a second 
microwave oven while applying a heavy flow of air to 
evaporate water. The oven cavities are in a common 
enclosure divided by a partition with separate mag 
netron generators mounted in each portion. Ventilat 
ing ducts connected to an air source ‘supply air to the 
cavities. Molds carrying the objects are fed by a belt 

. into each cavity in a controlled heating and drying 
sequence to produce large quantities'of ceramic ob-‘ 
jects with minimum cracking and warping. The power 
and space requirements are also reduced. 

9 Claims, 10 Drawing Figures 
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MICROWAVE DRYER FOR CERAMIC ARTICLES 

BACKGROUND OF THE INVENTION 
1. Field ‘of the Invention 

' The present invention concerns a process and equip 
ment for microwave heating principally for the predry 
ing of ceramic pastes used for the manufacture of chin 
aware pieces of moderate dimensions such as plates, 
dishes or electric ceramic pieces. The source of 
microwave energy is constituted by tubes such as mag 
netrons or klystrons operating at certain frequencies 
reserved for industrial heating, for example 2450 Mc/s. 

2. Description of the Prior Art 
In the series of production stages of chinaware there 

exists an important link, that of the predrying of the 
plastic paste.‘ This is an operation which in the past 
needed a great deal of time. In modern manufacture, 
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with large numbers of output pieces, use of the prior ' 
processes would result in the predrying stage becoming 
a , production bottleneck. In present porcelain 
techniques, after shaping the paste in a plaster mold 
carrying theimpression of the ?nal object, using a spe 
cial device, such as the “Roller” machine, which is well 
known to those in the ceramic art, it is necessary to en 
sure the drying of thepaste. During a ?rst phase, water 
escapes at the same time as the object undergoes 
shrinkage. After the elimination of a certain quantity of 
water, the paste continues to dry but the loss of water is 
no longer accompanied by shrinkage. The first phase, 
called predrying, is a delicate stage of the manufactur 
ing sinceit is necessary that during this time there be no 
accidents such as cracks or warping. 

- In traditional techniques, the predrying is carried out 
in free air, the water in the paste being eliminated as 
much by slow evaporation as by absorption in the pores 
of the mold. The operation was completed when the 
object could be taken from the mold without effort and 
possessed sufficient rigidity to be placed on an ap 
propriate form with a view to complete drying. The 
predrying was a lengthy portion of the manufacture 
which required much handling, extensive workshops 
with numerous stages, and quantities of molds the stock 
of which had to be renewed quite rapidly due to 
progressive fouling of the plaster and its decomposition 
under the effect of the absorbed moisture. - 

Porcelain manufacturers have sought to reduce the 
duration of the predrying by subjecting the molds to in 
frared radiation and/or a flow of dry hot air. The 
evaporation of water, however, is a surface 
phenomenon which forms a surface crust preventing 
the elimination of the water from the interior of the 
paste. Shrinkage is badly effected and cracks and 
warpings appear. In order to remedy this defect, certain 
manufacturers have attempted to place the objects and 
molds in a current of hot and humid air. The operation 
actually becomes longer and does not offer any ad 
vantages over the traditional method of predrying in 
free air. ‘ ' 

An analysis of the process of predrying shows that if 
the humidity is evacuated unequally at the surface of 
the paste and in the internal layers, contractions and 
tensions would result which are unequally distributed 
in the paste and thus cause permanent cracks and 
warping. A uniform transfer of ‘the moisture and an 
even shrinkage at the surface and in the interior of the 
paste can only be obtained if the quantity of water cir 
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culating within the capillaries is as near as possible to 
the quantity which evaporates at the surface. The 
transfer rate of humidity towards the surface of the ob 
ject being dried depends on the properties of the paste, 
the dimensions of the capillaries and the viscosity of the 
water which decreases rapidly when the temperature 
increases. It is necessary to note also that the surface 
tension force which causes the displacement of the 
water in the interior vof ' the capillaries likewise 
decreases when the temperature increases, but this ef 
fect is less important than that'of reduction of viscosity. 

If the paste is heated by any process whatever, the 
movement of the water in the interior capillaries 
towards the surface is facilitated. This results in regula 
tion of the moisture gradient and shrinkage in the 
paste. There is thus a need for a process which allows a 
rapid increase of the temperature of the paste 
throughout its thickness and once the necessary tem 
perature is reached, to maintain this during the entire 
surface evaporation. Such a process, which con 
veniently and selectively heats a humid object in depth, 
is known. This uses the phenomenon of absorption of 
radio-electric energy, and particularly of microwave 
energy, by dielectric losses in the interstitial water of 
the object. ' ‘ 

Due to the use of this process within microwave 
ovens, only the temperature ofythe humid object is in 
creased to the almost total exclusion of that of the sur 
roundings and support structure to the object. The sup 
port is actually only heated in the zone of contact with 
the object, where the humidity ‘can diffuse into the ad-} 

_ jacent capillaries. In principle, in the case in which the 
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object is a ceramic paste supported'by a mold, the paste 
should be heated to a temperature as high as possible to 
increase the speed of transfer of the water. In practice, 
there is a value of temperature beyond which ‘the 
plaster of the mold support undergoes a physico-chemi 
cal transformation causing dehydration with use and 
deformations. The paste is'altered and the production 
output may be decreased by reason of important de 
fectsthat are only noted in- the last stages of manufac 
ture of the porcelain objects. The temperature not to ' 
be exceeded is of theorder of 65° C. 

In every drying station the calories necessary for the 
vaporization of the water are drawn from a source of 
external energy. In the prior drying processes this 
source is simply the mass of ambient air which circu 
lates slowly around the objects to be dried. Known 
modern processes use a pulsed flux of dry hot air, hav 
ing a speed of the order of 2m/s, which may be ob 
tained with infrared heating. If the process of 
microwave heating is used it is also necessary to employ 
a drying means, such as ventilation by pulsed air which 
provides the major part of the vaporization energy. It 
must be considered that microwave energy is expensive 
and that its use should be limited as far as possible to 
the function that it ful?lls better than any other, which 
is to assure the migration of water towards the surface 
by heating the mass. ' 

SUMMARY OF THE INVENTION 

The object of the invention is to provide a device for 
the drying of ceramic pastes, including a source of 
microwave energy which assures theheating of the 
paste in its bulk and a source of evaporation energy 
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constituted by a ?ow of relatively dry air which circu 
lates at the surface of the pastes to be dried. 
Another object of the invention is to provide means 

which allow the drying device to proportion the dura 
tion and quantity of the. respective action of the 
microwave energy and evaporation energy in such a 
way as to consume, for a given rate of production, the 
least possible of the more expensive microwave energy. 
The devices of the present invention permit reduc 

tion of the time for drying of ceramic pastes, improving 
the quality, decreasing the wastage, freeing-the molds 
very rapidly so that they deteriorate-much less quickly 
than when used in usual drying stations. There results 
an important decrease in the number ‘of molds necessa 
ry and a great reduction in thefloor space occupied by 
the equipments. 
According to one feature of the invention, molds 

loaded with ceramic paste are placed in a metallic en 
closure comprising‘ first and second cavities separated 
by a metallic partition. The heating of the paste is 
produced in the ?rst cavity under the effect of radiation 
from a ?rst set of microwave sources made up, for ex 
ample, of magnetrons. A sufficient and homogeneous 
temperature in the paste is maintained in the second or 
evaporation cavity, under the effect of radiation from a 
second set of microwave sources also made up for ex 
ample'ofmagnetrons. Each cavity‘is supplied with its 
own ventilation device of pulsed dry air, the flow of 
which is regulatable, and the two flows can be very dif 
ferent. . - ' 

According to another feature of the invention, the 
two cavities can be raised and lowered together, which 
allows the loading of a batch of molds furnished with 
ceramic paste in the first cavity. In normal production 
conditions there will always be one batch of n molds in 
the first cavity and another batchof n molds in the 
second cavity. Each time that a batch of molds 
furnished with wet paste enters the raised ?rst cavity, a 
batch of molds containing ceramic pieces suitably dried 
comes out of the second cavity. The displacement of 
the batches is assured by a system vof discontinuous 
stepped advancement, the movement of which is con 
trolled and initiated from a program chamber in which 
the duration of the lowering of the set of cavities, the 
microwave energy to be dissipated in each of the cavi 
ties and the two ?ows of evaporation air, are set for 
each step. 
According to another feature of the invention, the 

molds are supported by a metal band with discontinu 
ous advance. The two cavities are‘ open at the lower 
part and when lowered, the walls, which are provided 
with a metallic braid, come to rest, under pressure, on 
the metal band. This device considerably lessens 
parasitic microwave radiatiomthe pressure being regu 
lated in such a way as to obtain the minimum parasitic 
radiation. The magnetrons of the microwave sources 
are ‘automatically put into operation when the pressure 
is sufficient due to a control in the program chamber. 
According to another feature of the invention, the 

magnetrons and their coupling circuits with the two 
cavities are supported by the ceiling of the latter. 0n 
the ceiling of each of the cavities, there are also fixed 
pulsed air inlets in the form of adaptation cones which 
cover all the available surface to the exclusion of that 
which is occupied by the magnetrons. The cooling of 
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4 
the magnetrons is provided by independent ventilation. 
The pulsed air penetrates into each of the cavities via a 
multitude of small holes whose linear dimensions are 
very much less than the microwave length (cut off 
holes). The pulsed air, sweeping over the objects to be 
dried is evacuated by an extraction device made up of 
adaptation cones placed on the lateral boundaries of 
the two cavities and aerodynamically coupled to the in 
terior of the latter by a ‘multitude of cut-off holes. The 
?ow of incoming and extraction air can be regulated in 
each of the cavities by shutters whose movement is 
controlled in the program chamber. 

According to another feature of the invention, the 
set of sources which feed the first heating cavity with 
microwave energy, preferably supply varying operating 
periods and a power substantially higher than the set of 
sources which feed the second evaporation cavity, 
whilst the ?ow of ventilated air in the heating 'cavity is 
substantially lower than the flow of ventilated air in the 
evaporation cavity. 

According to another feature of the invention. the 
two cavities have independent microwave sources and 
relatively incoherent phases. This independence results 
mainly from the fact that the objects to be dried con» 
stitute a high-absorbent and low re?ecting layer at the 
bottom of the cavity as regards microwave energy. The 
use of several well distributed independent sources 
reduces the risk of standing waves, which is much less 
as the number of sources increases. 

In one preferred embodiment of the invention, the 
magnetrons feeding the ?rst cavity are four in number 
distributed on the diagonals of the rectangular ceiling 
and the magnetrons feeding the second cavity are three 
in number distributed on a single diagonal of the ceil 
ing. These dispositions of the magnetrons are chosen in 
such a way as to assure that the density of microwave 
energy absorbed by the humid pastes is almost equal at 
all the points of the space occupied by the loaded 
molds. 
The objects and advantages of the present invention 

will appear more clearly from the following description 
of several embodiments made in relation to the accom 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 shows a schematic view of a set of drying 
equipment according to the invention, 

FIG. 2 shows an enclosure with two parallelepiped 
cavities of equal dimensions having magnetrons sup 
ported on the ceilings and coupled to the cavities, 

FIG. 3 shows the detail of a circuit coupling a mag 
netron with a cavity, 

FIG. 4 shows devices for entry and extraction of 
pulsed air according to the invention, 

FIG. 5 shows a curve of temperature of the ceramic 
paste during passage in a drying device according to the 
invention, 
FIG. 6 shows a detail of the embodiment of one vari 

ant of the device of FIG. 4, 
FIGS. 7, 8 and 9 show support devices for the molds, 

and 
FIG. 10 shows a detail of the system for extracting 

dried pieces. 

106009 0033 
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. DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

lnv order to better'understand. the invention it is 
necessary to review some elements of the known theory 
of drying. Microwave heating has the effect of con 
stantly moistening the surface of the object to be dried 
so that the problem becomes that of removal of the sur 
face water by evaporation. There have been many at 
tempts to solve this problem, of which-the technique of 
drying linen in free air is a well known example. In this 
latter case it is known that drying is much more rapid 
with dry air and also with increased wind speed. The 
laws of surface evaporation by air convection have 
been well studied. Simple semi-empirical formulas 
allow calculating the quantity U of water evaporated 
and the calories 0 furnished by the'air for this evapora 
tion, ‘as a function of: t 

the surface S ventilated, _ 
a diffusion ‘coefficient k increasing with the speed of 

the air ‘which touches the surface, ' 
the saturation vapor pressure plat the temperature 0, 

of the surface water, 
the partial pressure of watervapor pa in the air at 
temperature 02 far from the surface, 

- the pressure of ‘the air 12,, ' - ~ I 

the latent heat of vaporization of water r, 
a convection coefficient 1 which also increases with 

the speed of the air. 
These formulas are written: 

(formula A) U : sk pf‘pzlpo 

Q = rU = rSk pr-Pé/Po (formula‘ 5) 

Q=S1 (6z_01) (formula C) 
Examination of these formulas shows the desirability 

of using dry air in such a way that p2 is as low as possible 
and to ventilate rapidly since the coef?cients k and 1 
increase with the speed of circulation of the air. It ap 
pears also from formula A that it may be‘ desirable to 
increase the saturation water vapor pressure p, to in 
crease U,. but p, is defined by the temperature 0, of 
which it is a rapidly increasing function. If then formu~ 
las B and C are considered, it is noted from reference to . 
known theories, that with 0 increasing proportionately 
to U, it is necessary to use hotter and hotter air. In the 
known drying problem the previous heating in venti 
lated air can cause problems that it is possible to avoid 
by providing air, which is sufficiently dry, at the tem 
perature of the workshops and by more rapid ventila 
tion. In the particular case studied here, in which the 
mass of the paste is heated, the movement of water 
towards the surface is much greater with a lower satu 
ration vapor tension p, at the surface. In this case then 
it is desirable to use air at a temperature 02 which is not 
too high. If the surface water is at a temperature 0, 
lower than that within the paste,'the assembly of the 
latter will tend to cool step by step by conduction. This 
is why it is necessary, during evaporation, to continue 
to heat the paste in such a way as to keep the tempera 
ture substantially constant. 
As shown in FIG. 1, the drying equipment using ' 

microwaves includes a drier which is primarily used on 
a production line for plates of hard ceramic paste. The 
mechanical assembly includes a metal chassis 1 shown 
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6 
generally. It supports a lower section la including a 
transfer assembly having a motor 2 which controls a 
driving device 3 and a transporter band 4 of stainless 
steel which rolls around pulleys 5 and 5’. The upper 
part lb, carries lifting elements like a hydraulic jack 6a, 
integral with an assembly of beams 6b, allowing the 
pressure forces to be uniformly distributed, and con 
trolled by a hydraulic power group 7. lb also carries the 
power supplies 8 for the magnetrons, a source of pulsed 
air ventilation 9, an extraction output 9' for air, and a 
program chamber 10 in which are stored all the control 
instructions for the different units of the equipment. 
At the interior of lb and supported by 6b is found a 

microwave enclosure 11 in parallelepiped form. It is 
generally in duraluminum or of another good conduct 
ing material and is of a height between three and six 
times the height of the product to .be dried in molds. 
The other dimensions depend on the quantity‘of the 
product to be treated in each batch of plates to be 
dried. The enclosure is divided into two equal cavities 
l4 and 15 by a metal partition 13. On the roof of the 
cavities are disposed microwave sources 12 or 12’ each 
constituted by a magnetron associated with a 
microwave circuit coupled by slots to the correspond 
ing cavity. Enclosure 11 and the units that it carries can 
be raised by the hydraulic jack 6a and the assembly of 
beams 6b. , 

Each power supply 8 is connected to the correspond‘ 
ing magnetron 12 or 12’ by'flexible cables 16. The pip 
ing for directing ventilated air on the objects to be 
dried is also supported by'the roof of the enclosure 11. 
It is not shown in FIG. 1 but will be described below in 
connection with FIG. 4. The pipes are connected 
together by bellows at the pulsed air source 9. 
The assembly lb is surrounded by a protective grid 

not show. The doors l7 and 17' allow the introduction 
into the furnace of objects to be dried or the removal 
from the furnace of dried objects when the enclosure 
11 is raised. During periods of microwave radiation, the 
enclosure 111 is lowered and comes into contact with 
the metal band 4 through a metal braid l8 soldered on 
the edges of the open face of the cavities l4 and 15. 
The force of pressure ‘of the enclosure ll on the band 4 
is controlled by the hydraulic jack 6a and measured by 
means of a dynamometer now shown. 

FIG. 2 shows the parallelepiped enclosure 11 divided 
by the partition 13 into two cavities l4 and 15 of equal 
dimensions. On the roof of the cavity 114 are placed 
four microwave sources 12 each composed of a mag 
netron coupled to a microwave circuit constituted by a 
section of wave guide and itself coupled by windows to 
the cavity 14. For reasons of simplicity the representa 
tionv of each source l2 has been limited to a paral 
lelepiped box surmounted by a cylinder which sym 
bolize respectively the microwave circuit and the mag 
netron. 

FIG. 3 provides an exploded view of a known exam 
ple of a source 12. The magnetron 12a provided with 
its magnet 12b is terminated by an antenna 120 which 
couples the magnetron to the microwave circuit 124 
made up of a section of wave guide short circuited at its 
two ends. 12d is coupled to the cavity M by four win~ 
dows ll2e. Pipes 12f provide circulation of cooling 
water for the magnetron 12a. Associated with each 
source 12 is a well known “stirrer” device, not shown 
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in FIG. 3. It includes a moveable reflector, made up of 
turning plates which move across windows 12a. The “ 
stirrer" moves the standing waves that are produced in 
the cavity loaded with the material to be heated so that 
the waves do not keep the same con?guration in time. 
This reduces the effects of an unequal distribution of 
the microwave energy. . 

Referring now to FIG. 2, the four sources 12 are 
placed in diagonal pairs on the roof of the cavity 14. 
The center of each of the boxes which symbolize the 
microwave circuits of the sources is situated at approxi 
mately mid-distance from the center and from one of 
the vertices of the rectangular roof. On the roof of the 
cavity 15 are placed three microwave sources 12’ 
which may be the same as sources 12. The three 
sources 12 are placed on one of the diagonals of the 
roof of the cavity‘ 15. The center of one of the boxes 
which symbolize the microwave circuits 12' is the same 
as the center of the rectangular roof. ‘The center of 
each of the two others is situated approximately at two 
thirds of the distance between the center and one of the 
vertices of the rectangular roof. The disposition of the 
microwave sources radiating in the two cavities 14 and 
l5-and variants of these positions will be described 
later. 

FIG. 4 shows the enclosure 11 with a ventilation 
system. On the upper part of the cavity are found four 
air inlets 19 of relatively large dimensions, only three of 
which are shown. The four inlets 19 and four adapta 
tion cones 20, which transmit'air between the inlets and 
cavity 14, cover the entire surface of the roof 14 sur 
rounding the microwave sources 12. In other devices, 
the four cones 20 cover only the surface of the roof left 
free by the sources 12. The transmission of air between 
the cones 20 and the cavity 14 is made through the roof 
by means of small holes 21, called “cut-off” holes. The 
linear dimensions of the holes‘are made small com 
pared with the length of a microwave to avoid any 
parasitic radiation outside the cavity. The dimensions 
of the holes 21 and their distribution are in such that 
the flow of air arriving in the cavity shall be as uniform 
as possible. The four inlets 19 are branched from a 
larger pipe 22 which is connected through bellows 23 
to the source 9 of pulsed air of FIG. 1, this source being 
provided, for example, with a suction ventilator. 
Four shutters 24, each associated with one of the air 

inlets 19, allow adjustment of the quantity of air in 
troduced in each of the cones 20. Air penetrating into 
cavity 14 is extracted through further adaptation cones 
such as 25 which are distributed around the base of the 
cavity 14 on the three accessible vertical walls. The 
cones 25 are coupled aerodynamically with the cavity 
by a multitude of small “cut-off” holes 26. Pipes 27 
connect the cones 25 to a larger pipe, not shown, and 
through a bellows to the air extraction device 9' of FIG. 
1, which device is provided with an extraction ventila 
tor. Shutters 28 allow adjustment of the quantities of 
air extracted by each of the cones 25. 

Cavity l5 incorporates the same apparatus including 
air inlets 19’, adaptation cones 20’, “cut-off" holes 21’, 
shutters 24’, with the air inlets 19' forming branches of 
the large pipe 22. In the same manner adaptation cones 
25' are coupled aerodynamically to the cavity 15 by 
holes 26', pipes 27’ connect the cones 26' to the larger 
pipe which is connected to the air extraction device 9' 
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8 
of FIG. 1. Shutters 28' allow adjustment of the quanti 
ties of air extracted by each of the cones 25. The 
respective openings of the shutters 24, 24’, 28 and 28' 
allow different flows of air in the two cavities 14 and 15 
to be obtained. The magnetrons of the microwave 
sources 12 and 12’ should preferably be cooled by a 
?uid circulation independent from that which causes 
evaporation of the water. Thus on the source 12' at the 
right of FIG. 4 there are shown two pipes 29 which 
carry water for cooling the magnetron of 12’. 

In the case of magnetrons cooled by air, it is possible 
to join the ventilation for the evaporation with the ven 
tilation for the cooling of the magnetrons. FIG. 6 shows 
schematically an example of double ventilation. This 
includes an air input 19, an adaptation cone 20, “cut 
off” holes 21 and a source 12. The partial ?ow of air, 
derived from the main ?ow, which goes to cool the 
magnetron 12 is guided by an adaptation cone 30 
covering the assembly of the source 12, A shutter for 
regulating the partial flow of air may be placed at the 
apex of 30. > ‘ 

The following description is of the support units for 
the ceramic pieces to be dried. As shown in FIG. 1, the 
pieces enter by a door 17 and leave by door 17’. At the 
start of the operation the pieces coming from the 
machine which shapes the paste and places the plaster 
molds are collected in batches on the metal band 4 at 
the left of the drier. According to the ?rst embodiment, 
shown in FIG. 7, the molds 31' carrying plates 32, for 
example, are arranged on a platform 33 of low dielec 
tric loss plastic material, polypropylene, amongst 
others, having extensions 34 of the same material. The 
platform 33 supported by the extensions is placed on 
the metal band. FIG. 8 shows another embodiment in 
which the metal band is provided‘with elements 35 
which support the platform 33, 33 and 35 also being of 
plastic material. FIG. 9 shows a variant of the support 
of molds loaded with paste. The band 4 is replaced by a 
fixed metal plate 36 on which can be lowered the en 
closure 11 to contact the plate through the metal braid 
18. Two metal ribbons 37 and 37 ’, of ‘very small 
thickness, are provided with elements 38 and 38' and 
can slide on 36. The plastic material platforms 33 of 
FIGS. 7 and 8 are supported by elements 38 and 38’. 
The small thickness of the ribbons 37 and 37' allows 
good contact between the plate 36 and the assembly 11 
when the latter is lowered. 
The following is a description of the drying process 

using the equipment and devices illustrated in FIGS. 1, 
2, 4, 7, 8 and 9. It is assumed that 600 table plates per 
hour are to be dried. The pieces coming from the 
machine for shaping the ceramic paste may have, for 
example, a mass of 800 g including 600 g of kaolin and 
clay and 200 g of water. The predrying is ?nished when 
the ceramic piece is sufficiently rigid to be extracted 
from the support mold, which results in the evacuation 
of 80 g of water per piece. The plaster mold has a mass 
of about 2 kg. 

If it is estimated that the regular evacuation of water 
vapor requires a temperature for the interstitial water 
of 25° C to 65° C, whatever the predrying process used, 
it would be necessary to furnish for each plate, at least 
sufficient energy to raise the temperature of 200 g of 
water by 40° C and for vaporization of 80 g of water, or 
220 kilojoules. The predrying of 600 plates will thus 

l06009 0035 



3,704,523 
[9% 

need at the minimum 132,000 kilojoules or, expressed 
in kilowattsv per hour, 37 kW/h. In presently known 
processes the plaster of the molds is also heated, as well 
as the solid components, kaolin and clay, of the ceram 
ic paste. The plaster, like the solid components, has a 
speci?c heat which is abouttwo tenths of that of water. 
If it is supposed that the solids are also heated by 40° C, 
the supplementary energy to be supplied per plate is 
raised to 90 kilojoules, or for 600 plates, 54,000 k! or 
15 kW/h. In the known processes the necessary energy 
will thenbe increased to about 50 kW/h. 
‘Already there is seen an advantage of driers using 

microwave heating, since the molds do not absorb 
water, the dielectric losses in the dry plaster are small 
and the molds hardly heat. The saving in energy for 
production of 600 dried plates an hour isthen about 
38,000 k] or 10 kW/h. Where microwave heating is 
used, the energy necessary to predry 600 plates an hour 
is raised to 42 kW/h, including 9 kW/h to heat the paste 
and 33 kW/h’for the evaporation of 80 g of water per 
plate, or about 50 kg for the 600 plates. The ideal 
process would use the microwave source for the '9 
kW/h necessary for the heating of the paste and the 
pulsed air for the 33 kW/h of the vaporization energy. 
The method for using the device ‘of the present in~ 

vention, permits approaching this ideal distribution of 
energies. As previous, a practical case of predrying 600 
plates an hour, will be described. This choice evidently 
does not limit the scope of the invention. Reference 
will be made mainly to FIG. 1 and in some cases to 
FIGS. 2, 4, 7 or 8. ‘ 
The operation commences when the metal band 4 is 

stopped. The molds carrying the plates to be dried 
coming from the special shaping machine, such as a 
“Roller” machine, are manually or automatically 
placed on a platform 33 of plastic material (FIGS. 7 
and 8). The platform is placed on the loading area situ 
ated at the left of the metal band 4. At the end of a 
predetermined time, sufficient to permit loading of the 
platform 33, theenclosure 11 is raised, the band .4 is set 
into motion and stopped when the platform 33 is in 

' place under the cavity 14. The band4 being stopped, 
the enclosure 11 comes down again and comes into 
contact with 4 through the metal braid 18..A security 
device allows the operations to continue only if ‘the 
pressure of the enclosure on the band 4 is suf?cient. 
When the pressure is suitable, the four magnetrons of 

the sources 12 on the roof of the cavity 14 are started 
simultaneously. The three magnetrons carried by the 
cavity‘ 15 may also be started at the same instant. After 
a predetermined time t, the operation of the mag 
netrons is stopped under control of a security or 
locking device, with the enclosure 11 being raised. 
When 11 has reachedits maximum height the band 4 is 
started again and a new batch of plates to be dried, car 
ried by another platform 33, is engaged under the cavi 
ty 14 while the ?rst batch passes under the cavity 15. 
The operation continues step by step. In general, 

vwhen the batch of rank n enters under cavity 14, the 
batch of rank (n-l) comes under the cavity 15 while 
the batch of rank (re-2) passes to the discharge area 
situated on the right part of the band 4. The sufficiently 
rigid plates 32 are then separated from their respective 
molds 31 by pressure from suction pipes 39 which are 
positioned over the plates, as shown in FIG. 10. The 

20 

25 

40 

45 

50 

55 

60 

65 

.10. 
platform 33 carrying the empty molds is then conveyed 
towards the special “Roller” shaping machine by a 
transporter band.‘ 

During all the time of the operations, the pulsed air _ 
ventilation and air extraction devices act continuously 
even when the enclosure 11 is lifted and the mag 
netrons stopped. The flow of air in inlets 19 or 19’, 
FIG. 4, can be different. The plates situated under cavi 
ty 15, in which evaporation is primarily effected, are 
generally ventilated more than those which are placed 
under the cavity 14 in which the pieces are mainly to be 
rapidly heated in bulk. The extraction air flow is a little 
less than that introduced. When the enclosure 11 is 
lowered, there is a slight overpressure which assures 
homogenization of the flow of air on the pieces to be 
dried. In the example chosen to explain the operation 
of the device, each batch comprises 30 plate-mold as 
semblies. The time t of passage of one batch under each 
of the cavities 14 and 15 is 150 seconds and the time to 
of the operations of raising the enclosure 11, displace 
ment of the band 4, lowering of 11 and ‘again setting the 
magnetrons into operation, is 60 seconds. Roughly it 
can be said that every 3 minutes 30 plates ready to be 
removed from their molds come out on the right of 
band 4, which is at a rate of 600 dried plates per hour. 
The dimensions of each of the cavities are about 3m 

in length, lm in width-and 0.6m in height. The flow of 
pulsed air for the assembly of the two cavities is of the 
order of 2000m3/hour. The four magnetrons of the 
sources feeding microwave energy to cavity 14, FIGS. 2 
and 4, each have a nominal power of 2.5 kW, which, at 
an efficiency of 80 percent, corresponds to' 10 kW of , 
power radiated in 14. The three magnetronsof sources 
12’ feeding cavity 15, FIGS. 2 and 4, with microwave 
energy also each have a nominal power of 2.5 kW. , 
‘Taking. into account the role played by the 

microwave heating in cavity 15, which is intended to 
keep constantthe bulk temperature of the plates, the 
energy required of sources 12' is generally less than 
that furnished by the sources 12 which radiate into the 
cavity 14. In order to economize on the expenditure of 
energy, sources 12' can be made to operate less time 
during each elementary operation than sources 12. The 
power .to the magnetron at the center of the roof of 
cavity 15 can then be less thanthat of each of the two 
others. This latter solution has another advantage 
which will be examined later. It also permits obtaining a 
better distribution of the microwave energy dissipated 
in the plates placed in cavity 15. 

If the seven magnetrons supply the same power dur 
ing operating periods representing ?ve sixths of the 
total time, it is noted that the microwave energy con 
sumed rises to 2 X 7 X 5/6 = 12 kW/h. If this result be 
compared with the ideal values estimated above, 9 
kW/h for the heating of the paste and 33 kW/h for the 
vaporization of 50 kg of water, it is seen that the 
microwave energy is used e?iciently in accordance 
with the system of the invention. The difference of 3 
k‘W/h can be explained by losses in the metal bounda 
ries of the cavities and in the plaster of the molds — 
and also by a small vaporization energy supplied to the 
internal water, this vaporization being used to facilitate 
the migration of water toward the surface. 

In order to better understand the operation of the 
proposed system, it is helpful to examine the evolution 
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of the internal temperature of the paste of the plates 
during the 6 minutes that the drying of a batch lasts; 
This evolution is shown by the curve of FIG. 5 which in-. 
dicates the time T in minutes on the X-axis and the 
temperature 0 in degrees centigrade on the Y axis. Dur 

. ing the period of exposure to the microwave radiation 
under the cavity 14 the temperature increases regularly 
from 25° C to 65° ‘C. The slope of the curve is deter 
mined by a suitable ' distribution between the 
microwave energy and the evaporation energy carried 
by the ventilated air. During the minute of lifting of the 
enclosure 11, the plates are subjected solely to the 
cooling of the ventilated air and the temperature of the 
paste decreases slightly. Lastly, during the period of ex 
posure to the microwave radiation under the cavity 15, 
the temperature again increases and is then kept at a 
constant value up to the end of the operation. Here 
again the slope of the curve results from a suitable dis 
tribution of the two energies. 

It should be understood that the characteristics of 
the present system for drying ceramic plates of a dif 
ferent nature from the present examples, will be deter 
mined as a ?rst approximation by simple empirical 
laws.’ With a ?xed quantity of water to be evaporated 
during a unit of time, it is possible to calculate the flow 
of pulsed air when the surface of the elements to be 
dried and the temperature of the air are known. This 
calculation is made by using the fonnula A noted 
above. The quantity of paste to be heated during a unit 
of time to reach a suitable temperature, and timing of 
the operations of raising and lowering of the enclosure, 
permit determining an approximate value, of the neces 
sary microwave power. In practice, the total power for 
the assembly of microwave sources, is made greater by 
50 percent than that calculated. This microwave power 
is then distributed between the two cavities by attribut 
ing a higherpower to the ?rst cavity 14,.FIGS. l, 2, 4, 
in which the rapid rise of the temperature of the paste is 
mainly effected. ,, 
One of the important qualities that can be expected 

of microwave heating is a suitable distribution of power 
in the elements to be heated. A ?rst known means, is 
the introduction into the radiation enclosures of move: 
able re?ectors or “stirrers” which act as wave mixers 
and limit the effect of standing waves. A second means, 
which should also accompany the ?rst, - consists in 
using n independent sources in place of a single one. At 
any point whatever inside a cavity, the n microwave 
?elds are combined but with incoherent phases which 
limits the risks of appearance of standing waves,n 
should be made as high as possible. 
When the linear dimensions of the cavity are large 

compared with the wave length, — and when the as 
sembly of pieces to be heated covering the bottom of 
the cavity are presented as an absorbent and low 
re?ecting boundary, everything takes places as if the 
microwave sources on the roof of the cavity radiate like 
independent light sources. The radiation diagram of 
each source, which depends on the nature of the 
coupling windows between the microwave circuit as 
sociated with a magnetron and the cavity, (see FIG. 3), 
is directive and the elements placed vertically in rela 
tion to a source receive more energy than the others. In 
the case in which four sources are used, as shown in 
FIG. 2, the most suitable distribution is that which has 
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been described. In the case in which three sources are 
used, the one placed in the center of the roof of the 
cavity, as shown in FIG. 2, will preferably have a power 
substantially less than that of each of the two others. 
Many variations are easily effected. If for example 

eight sources are used, they are equally distributed on 
the two diagonals with two per half diagonal, the ?rst 
being situated approximately at one third of the 
distance between the center of the roof and the cor 
responding apex and the second approximately at two 
thirds of the same distance. If ?ve sources are used, the 
disposition of the three sources shown in FIG. 2 is 
completed by two other sources placed on the other 
diagonal of the roof, the central source having, 
preferably, a power substantially less than that of each 
of the other four. , 

In order to clearly demonstrate the advantages of the 
system of the present invention, the number of molds 
and the space occupied by the equipment necessary for 
predrying 600 platesper hour are listed below. 

In the present system: 
Number of molds : 120 
Floor surface : 12 m2 
In a known prior system, of the “rocking drying” 

type: 
Number of molds : 2400 
Floor surface : 120 m2 
Although the principles of the present invention may 

have been described above in relation to a particular 
embodiment, it will be clearly understood that the 
description is given only by way of example and does 
not limit the scope of the invention. 
What is claimed is: 
l. A process for drying ceramic articles and molds 

using microwave heating and air ventilation compris 
ing: 

feeding a mold containing a ceramic article in a 
discontinuous stepped sequence into a ?rst heating 
chamber having a ?rst microwave radiation source 
and ?rst source of ventilating air, 

subjecting said mold and article to microwave radia 
tion of a first predetermined power level and a 
relatively light ?ow of dry air to rapidly heat said 
mold and article to a predetermined temperature 
and dry said article, 

feeding said mold and article in said stepped 
sequence into a second adjoining heating chamber 
having a second microwave radiation source of 
lower power and second source of a relatively 
heavy ?ow of dry ventilating air, said second 
'chamber being capable of operating simultane 
ously with said ?rst chamber, each chamber 
operating at different radiation and ventilation 
levels, 

applying said second lower radiation and relatively 
heavy ?ow of air to said mold and article, said 
second radiation maintaining said temperature and 
said heavy air flow evaporating water from said ar 
ticle and stopping said microwave radiation and 
raising and lowering said chambers to permit 
movement of said article and mold into and out of 
said chamber. 

2. The process of claim 1, including feeding a plurali 
ty of molds containing articles into said first and second 
chambers in said sequence, different successive groups 
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of articles and molds being fed into respective said 
chambers simultaneously, 

simultaneously operating said first and second cham-' 
bers at said‘ different radiation and ventilation 
levels, . . 

removing the dry articles and molds from said second 
chamber. 

3. Apparatus for drying ceramic articles and molds 
comprising: 

?rst and second microwave heating chambers posi 
tioned adjacent one another and having a common 
partition therebetween, 

?rst and second microwave radiation means coupling 
different levels of microwave energy into respec 
tive said chambers, 

?rst and second air ventilating means directing dif 
ferent levels of air flow into said respective cham 
bers, 

means feeding a mold containing a ceramic article 
into said ?rst and second chambers in a discon 
tinuous stepped sequence, said chambers being 

. capable of operating simultaneously on different 
successive articles and molds, said feeding means 
includes a discontinuously advancing platform 
supporting and enclosing the base of said cham 
bers, means providing electrical contact between 
said platform and chambers, means raising and 
lowering said chambers relative to said platform to 
make and break said contact and 

means for actuating and controlling the application 
of microwave energy and ventilating air to‘ heat 
and dry each said mold and article. 
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“.14. 
4. The apparatus of claim 3, wherein said air ventilat 

ing means includes a common source of air and means 
directing a relatively light ?ow of air from said source 
into said ?rst chamber and a relatively heavy ?ow of air 
into said second chamber, said microwave means 
coupling a relatively higher energy level into said ?rst 
chamber and lower level into said second chamber. 

5. The apparatus of claim 4, wherein said microwave 
means includes a plurality of magnetrons mounted on 
the roof of each said chamber. 

6. The apparatus of claim 5, wherein said air direct 
ing means includes air ducts, shutters in said ducts, and 
adaptation cones positioned over said magnetrons and 
chambers, a plurality of holes in the roofs thereof, and 
air extraction means positioned in each said chamber. 

7. The apparatus of claim 5, including control means 
for stopping operation of said microwave means when 
said contact is broken, said feeding means moving said 
article and mold from said ?rst chamber into said 
second chamber during said stopping operation. 

8. The apparatus of claim 5, wherein said plurality of 
magnetrons is greater in number over said ?rst 
chamber than said second chamber and provide rela 
tively even distribution of said radiation in each said 
chamber. 

9. The apparatus of claim 8, wherein said platform 
includes dielectric supports and a plurality of articles 
and molds disposed on said supports, said platform 
providing movement of groups'of said plurality of arti 
cles and molds into and out of said chambers in 
sequence. 

* * a * * 


