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1

~ This invention relates to a method of process-
ing material by dielectric heating and, in par-
ticular, to a method of heating a mass of amor-
phous particles to a substantially uniform tem-
perature, despite the loss of heat from the sur-
faces of the mass by conduction or otherwise.
When a mass of dielectric material is subjected
to a high-frequency electric field for heating it
by the dielectric effect, the curve of temperature
distribution throughout the mass rises from the
cutside toward the interior thereof. This results
from the loss of heat from the exterior due to
conduction or radiation or both. This condition
is aggravated where the material being heated is
of such shape that its exposed surface area per
unit of volume is large. In such instances, the
temperature which is attained by the material
adjacent the electrodes and that at the lateral
surfaces of the mass under treatment are sub-

stantially less than that existing in the center of 2

the body. This may prevent activation of the
hinder adjacent the surface areas. If the length
of the heating period is increased in order to at-
tain the necessary temperature at such surfaces,

overcuring or overactivation may occur on the ©

*nterior of the mass. As an example, in the
curing or setting of a cork-composition block
made from a mass of cork granules coated with
a heat-activatable binder such as a mixture of
glue, glycerin and paraformaldehyde or plasticized
phenol-formaldehyde resin, the outer portions of
the block which are in contact with the mold sur-
faces have a tendency to be substantially under-
cured as evidenced by crumbling of the block ad-
iacent such surfaces upon removal of the mass
from the mold. Such portions, of course, must
be trimmed from the block and scrapped prior to
cutting the block into sheets such as those used in
making cork gaskets. '

The heat generated by the dielectric effect
varies with the loss factor of the material, K tan s,
K being the dielectric constant and tan § the dis-
sivation factor of the material. I take advantage
of this fact to cause a greater amount of heat to be
generated in the portions of the mass adjacent
the surfaces thereof than in the interior.

Specifically, I sheath the mass under treatment
with material having a loss factor greater than
that of the mass of material under treatment.
This may be accomplished by choosing for the
vwall of the mold surrounding the mass under
treatment, a material having a higher Iloss
factor than the material under treatment. In
another practice of my invention the same effect
is obtained by actually coating the surface of
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the mass under treatment with a material having
a higher loss factor than the material composing
the mass so that the surface, even though it be
only a few thousandths of an inch thick, actually
attains g higher temperature than the remainder
of the mass and thus acts as a heat barrier or
heat wall preventing heat losses which ordinarily
gecur there.

Tt must be borne in mind that the nature of the
material composing the mold wall or the surface
coating which has a higher loss factor, will have
an appreciable effect on the amount of energy
required to effect the heating of the surface por-
tions to a higher temperature. This may be ex-
pressed by the formula

Quw

(loss factor) wai1 = (10ss factor)mssx@—j

where Quw and Qd are the heat capacity of the
moild wall and the mass to be heated, respectively.

Where a coating of material having a higher
loss factor is applied to the surface of the mass
under treatment, the coating material may form
part of the finished article or, if desired, may be
a fugitive material which is consumed or dissi-
pated in the dielectric heating of the mass.. For
example, in the dielectric heating of a phenol-
formaldehyde composition including a filler of
wood-fiber, a coating may be applied to the sur-
faces of the articles which are normal to the
plane of the electrodes. By choosing a coating
material possessing a higher loss factor than the
mass, the surface portions will be heated to a
higher temperature than the intericr of the mass
and when final curing has been effected, both the
coating on the surface and the binder within
the body will be heat set. Where preforms for
molding are under treatment, partial activation
may be accomplished and the final setting of the
binder accomplished in a conventional molding
press.

The rate of dielectric heating increases as the
temperature of the mass rises due-to the increase
in the numerical value of the loss factor (K tan &
with increased temperature. For example, in tt}e
molding of a block of cork composition as previ-
ously described, if the mold in which the material
is confined is heated to a temperature greater
than the temperature of the mass of material
under treatment, the rate of heating of the mold
will be proportionately greater than the rate of
heating of the mass of cork composition. Thus
the mold may have an initial loss factor the
same as that of the cork composition or even less,
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and still heat up faster than the mass, giving
a higher rate of heating at the surfaces where
the greatest heat losses occur.

A complete understanding of the invention may
be gained from the following description and
accompanying drawings. In the drawings,

Figure 1 is a vertical sectional view through
a mold constructed in accordance with the prin-
ciples of the present invention, containing a mass
of material to be heated dielectrically;

Figure 2 is a similar view showing the inven-
tion applied to the heating of a body of dielec-
tric material in a platen press;

Figure 3 is a sectional view substantially on
the plane of line ITII—III of Figure 2, showing
how the lateral surfaces of a block under treat-
ment are arranged to accomplish the results
soughft for in the present invention;

Pigure 4 is a view similar to Figure 3 show-
ing high-loss material incorporated in the ex-
terior surface or shell of the mass of material
under treatment; and

Figure 5 is a set of curves showing the tem-
perature distribution through a mass of mate-
rial under treatment.

Referring first to Figure 1, a mass 10 of di-
electric material such as cork composition or the
like which is to be heated dielectrically is con-
fined within a mold {1 of suitable material, e. g.,
wax-impregnated wood, such as that more par-
ticularly described and claimed in the copending

" application of George W. Scott, Jr., Serial No.
678,215, filed June 21, 1946. The mass is held
under pressure between metal plates 12 and 13
which serve as electrodes and are held in position
by pins {4 passing through the walls of the mold.

When high-frequency voltage is applied to the
electrodes 12 and {3, the mass 10 and mold !
are heated by the dielectric effect. The wall of
the mold {1 has a higher loss factor than the cork
granules and binder composing the mass 10 under
treatment. This may be obtained by using a
material for the mold wall which possesses such
higher loss factor or by heating the mold to
cause an increase in its normal loss factor. The
material used for the mold (I must satisfy the
equation set forth above, in which the loss fac-
tor of the mold wall is equal to or greater than
that of the mass times the quotient of the heat
capacity of the mold divided by the heat capacity
of the material under treatment. As g result,
the surfaces of the mass in contact with the mold
11 attain a temperature at least as great as the
interior of the body of the mass and may, if
desired, be caused to reach s higher temper-
ature. In either event, compensation for heat
loss is obtained. In the manufacture of certain
products, it may be found desirable to have the
mold {1 reach a temperature substantially higher
than the mass under treatment and thereby cause
the surfaces of the mass where greatest heat
loss is occasioned to have a correspondingly
higher temperature. This makes it possible to
maintain safely a minimum temperature within
the body of the mass for a greater period of
time than if the mass were heated uniformly
throughout. For example, in curing a mass of
cork composition where the minimum curing
temperature is in the order of 220° F., the por-
tions adjacent the peripheral surfaces may be
heated to a temperature of 250° F. and the whole
mass will be maintained above the minimum
temperature until such time as the peripheral

surfaces dissipate heat to the atmosphere in an ]
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amount sufficient to reduce their temperature
from 250° F. to 220° F.

The problem of reducing heat loss from masses
of material under treatment in platen presses is
aggravated because the peripheral edges of the
mass are exposed -and subject to greater radiation
than where they are confined within the mold.
This loss may be compensated by the scheme
shown diagrammatically in Figure 2 where the
mass of material I5 being heated is disposed be-
tween press platens indicated at 16 and i71. I pro-
vide layers (8 surrounding the lateral surfaces of
the mass having a loss factor higher than that
of the mass 15. Electrodes 12’ and {3’ are pro-
vided between which the mass of material 5 and
the layers 18 are electrically connected in paral-
lel. Heat loss from the portions adjacent to the
lateral surfaces of the mass will be compensated
substantially in the same manner as in Figure
1. The layers 18, however, also serve to limit loss
of heat by radiation and convection. This is
clearly apparent from Figure 3, a horizontal sec-
tion showing how the exterior of the mass 15 is
protected against undesired heat losses when
heating is being carried out in a press such as
that shown in Figure 2.

As stated above, the principles of the present
invention may be applied by treating the ex-
terior surface of the mass with a coating ma-
terial having a higher loss factor than that of
the mass, so that the heat compensation actu-
ally takes place as a result of heating the ex-
terior shell of the mass to a higher temperature
than the interior of the mass. An example of
this is shown diagrammatically in Figure 4, where
the mass {9, composed of material such as cork
composition or the like, is freated over its ex-
terior surface with g high-loss material indicated
at 20. Figure 4 shows all of the lateral surfaces
coated. This may be a coating of material in
liquid form which penetrates the surface of the
mass to a desired distance and upon evaporation
of the solvent forms an integral part of the mass
to be heated. On the other hand, this material
may be of fugitive form so that during the heat-
ing it is volatilized and lost to the atmosphere
or it may be material which performs an added
function; for example, serves as a surface binder

.or finish for the mass which is to be heated. The

mass 19, treated as indicated in Figure 4, is sus-
ceptible of being subjected to preliminary heat-
ing in the manner specified above in connection
with the scheme of Figure 1.

In the manufacture of articles such as jar cov~
ers from molding compositions of the usual type,
including a binder of phenol-formaldehyde, for
example, where dielectric preheating is used, it
has been found desirable to compensate for heat
losses which occur at the surface of the preforms
in order to permit as rapid article formation as
possible. Assuming that the temperature desired
in the preform is in the neighborhood of 250° F.,
it has been determined that, by preheating di-
electrically, this temperature can be attained
quite rapidly at the interior of the body, but
the surfaces which are exposed to the atmosphere
during preheating are at a substantially lower
temperature in the neighborhood of 175° F., for
example. A substantially shorter molding cycle
can be obtained if the preforms are heated more
nearly to the desired temperature throughout.
I have found, in accordance with my invention,
that the preforms may be coated on their outer
surfaces and dielectrically heated, and the heat
losses at the surface compensated for by reason
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of the higher loss factor in the surface:-coating.
As a specific example, I have taken preforms of
phenol-formaldehyde molding powder suitable for
use in the manufacture of molding jar covers,
and have treated them with a concentrated ace-
tone extract of the binder of phenol-formalde-
hyde. This I have applied to the surfaces of the
preforms and have then dielectrically preheated
them, elevating the interior of the preforms to
250° F'. The temperature at the oufer surface has
thus been raised to 195° F., whereas without such
coating the temperature at the surface will be
in-the neighborhood of 175° F., when the interior
is at 250° F'. By this practiee, the molding cycle
may be shortened materially since it is not neces-
sary in actual molding to bring the temperature
to 250° F. from 175° F., but only from 195° F.
A noticeable saving in time ig represented by the
difference between the temperature at the outer
surface in the two cases. There is, of course, &
temperature gradient within the mass from the
interior which is at 250° F., to the exterior which
is at 195° P.

In a modified practice, I have coated the sur-
face. of molding composition preforms with a
coating of resorcin and formaldehyde in equal
parts. This coating was melted and then applied
to the preforms. Upon preheating, the tempera-~
ture of the preforms at the interior was raised
to 250° F. and the exterior attained a tempera-
ture of 220° F. With this coating, an even shorter
molding cycle is possible. Since the molds in
which the preforms are actually formed into the
desired finished article are heated, it is not neces-
sary that the exterior surface attain a tempera-
ture higher than the interior, although this may,
in some instances, be desirable, and can be ob-
tained in accordance with my invention. For
example, in the automatic molding of bottle
closures, it may be desirable to preheat the pre-
forms to a higher temperature at the outer sur-
face, particularly where there is a considerable
time lapse. between the time of preheating and
the time of actual insertion of the preform into
the mold and the closing thereof.

In the modification shown in Figure 4 as in the
other illustrated embodiments of the invention,
the lateral surface portions 20 of higher loss
factor will be electrically connected in parallel
with the body portion. I9 between the electrodes
during dielectric heating.

A similar problem is involved in the manu-
facture of cork composition blocks as mentioned
above, and in tests which I have made in the
treatment of cork composition dielectrically, X
have coated the mold surfaces which are in en-
gagement with the cork granules and binder dur-
ing molding with a resorcin-formaldehyde coat-
ing composition. This has proved effective to
increase the temperature at the oufer surface
of the block under treatment. In fthe particular
case referred to, the resorcin-formaldehyde ma-
terial was actually mixed with the mold lubri-
cant, which was applied to the surfaces of the
mold in contact with cork composition.

Figure 5 illustrates the variations in tempera-
ture across the width of a mass of material be-
ing subjected to dielectric heating. Curve T:
shows conditions normally existing and curve T2
shows the effect of my invention. As indicated
by the curve Ti, the temperature of a mass of
material subjected to dielectric heating as in
the second example given above, may vary from
250° on the interior to 175° on the exterior be-
cause of the loss of heat to surrounding media.
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This: results-in undercuring of the surface por-
tions of the mass. The curve Tz shows the effect
of my invention in reducing the temperature
differential between the surface portions of the
mass and the interior. Curve T3 represents con-
ditions which might be desired in some cases,
i. e., the surfaces of the mass at a higher tem-
perature than the interior.

Those skilled in the art will recognize that
the loss factor of the material from which the
mold or other confining element is made must
not be so high as to short-circuit the electrodes
yet it should be sufficiently high so as fo obtain
the desired accelerated rate of heating to accom-
plish the end result sought for. The material
must further be of such a nature as to withstand
the applied voltage.

It will be apparent from the foregoing that my
invention possesses advantages not realized in
the prior practice of dielectric heating. The in-
vention provides a simple, inexpensive manner
of compensating for the heat lost from the ex-
terior of a mass of material undergoing heating
and makes possible a product having a higher
degree of uniformity without the danger of over-
heating or overcuring the interior portion there-
of.

Although I have illustrated and deseribed but
a preferred embodiment and certain modifica-
tions of my invention, it will be understood that
changes in the procedure described may be made
without departing from the spirit of the inven-
tion or the scope of the appended claims.

I claim:

1. In a method of dielectrically heating a mass
of dielectric material having lateral surfaces
subject to surface cooling, the steps including:
disposing said mass within a mold of dielectric
material having a higher loss factor than that
of said mass with the lateral surfaces of said
mass in contact with the walls of said mold;
positioning said mass between a pair of plate
electrodes with said mass and said mold walls
in contact with the lateral surfaces of the mass
electrically connected in parallel between said
electrodes; and simultaneously subjecting said
mass and said mold walls to a high-frequency
alternating electric stress by impressing a high-
frequency alternating - electric voltage between
said electrodes to generate heat simultaneously
within both said mass and said mold walls, said
mold walls, having a higher loss factor than
that of the mass and being disposed in a parallel
circuit therewith between said electrodes, heat-

. ing at a rate faster than the rate of dielectric

heating of said mass during the application of
said high-frequency alternating electric stress
thereto.

2. In a method of dielectrically heating a mass
of dielectric material having lateral surfaces sub-
ject to surface cooling, the steps including: dis-
posing said mass in a mold with the lateral sur-
faces of the mass in contact with mold wall sur-
faces having a dielectric loss factor greater than
that of the mass; disposing said mass and said
mold within a high-freguency electric field be-
tween a pair of plate electrodes, with said mass
and said mold wall surfaces electrically con-
nected in parallel between said electrodes; and
simultaneously subjecting said mass and mold
to high-frequency alternating electric stress by
impressing a high-frequency alternating electria
voltage upon said plate electrodes to generate
heat simultaneously within both said mass and
said: mold, said mold wall surfaces in contact
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with the lateral surfaces of the mass having a
dielectric loss factor greater than that of the
mass and being disposed in a parallel circuit
therewith between said electrodes heating at a
faster rate than the rate of dielectric heating
of said mass.

3. In a method of dielectrically heating a body
of dielectric material having lateral surfaces sub-
ject to surface cooling, the steps including: con-
tacting said lateral surfaces of said body of di-
electric material subject to surface cooling with
a second dielectric material having a higher loss
factor than that of said body of dielectric ma-
terial; disposing said body of dielectric material
so contacted between a pair of plate electrodes,
with said body of dielectric material and said
second dielectric material electrically connected
in parallel between said electrodes; and simul-
taneously subjecting said body of dielectric ma-
terial and said second dielectric material to
high-frequency alternating electric stress by im-
pressing a high-frequency alternating electric
voltage upon said plate electrodes to generate
heat simultaneously within both said body of
dielectric material and said second dielectric
material, said second dielectric material, having
& higher loss factor than that of said body of
dielectric material and being disposed in a paral-
lel circuit therewith between said plate electrodes,
heating at a rate faster than the rate of dielectric
heating of said body of dielectric material during
the dielectric heating of said body of dielectric
material.

4. In a method of offsetting or preventing heat
Insses due to thermal conduction, convection or
radiation from the lateral surfaces of a body of
dielectric material, the steps including, applying
a second dielectric material to the lateral sur-
faces of said body of dielectric material, said
second dielectric material having a dielectric loss
factor and heat capacity productive upon dielec-
tric heating of a higher temperature at said sur-
faces than within said body of dielectric ma-
terial, dielectrically heating said body of di-
electric material and said second dielectric ma-
terial between electrodes, said body of dielectric
material and said second dielectric material be-
ing electrically connected in parallel between
sald electrodes during said dielectric heating,
whereby the higher temperature of said second
dielectric material at said surfaces is effective
in maintaining a desired temperature at said
lateral surfaces relative the temperature main-
tained within the interior of said body of di-
electric material. :

5. In a method of offsetting or preventing heat
losses due to thermal conduction, convection or
radiation from the lateral surfaces of a body of
dielectric material, the steps including, position-
ing said body of dielectric material between elec-
trodes, applying a sheath-like layer of a second
dielectric material to the lateral surfaces of said
body of dielectric material, said lateral surfaces
being those extending between said electrodes,
said second dielectric material having a higher
rate of dielectric heating than said body of di-
electric material, dielectrically heating said body
of dielectric material and said second dielectric
material by applying a high-frequency voliage
across said electrodes, with said body of dielectric
material and said second dielectric material elec-
trically connected in parallel between said elec-
trodes, whereby the higher rate of dielectric
heating of said second dielectric material is effec-
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tive in substantially preventing any outward loss
of heat from said lateral surfaces.

6. In a method of offsetting or preventing heat
losses from the lateral surfaces of a body of
dielectric material during dielectric heating
thereof, the steps including, positioning said body
of dielectric material between electrodes in sub-
stantially close contact therewith, applying a
second dielectric material to the lateral surfaces
of said body substantially normal to the planes
of said electrodes, said second dielectric material
having a dielectric loss factor higher than the
dielectric loss factor of said body of dielectric
material, dielectrically heating said body of di-
electric material and said second dielectric ma-
terial by applying a high-frequency voltage
across said electrodes, with said body of dielec-
tric material and said second dielectric material
electrically connected in parallel between said
electrodes, whereby the higher rate of dielectric
heating of said second dielectric material is
effective in substantially preventing any outward
loss of heat from said lateral surfaces.

7. In a method of offsetting or preventing heat
losses due to thermal conduction, convection or
radiation from the lateral surfaces of a body
of dielectric material, the steps including, coat-
ing said lateral surfaces of said body of dielectric
material with a second dielectric material, said
second dielectric material having a dielectric loss
factor higher than the dielectric loss factor of
said body of dielectric material whereby said
second dielectric material reaches a higher tem-

‘perature upon being dielectrically heated than

the temperature reached by said body of dielec-
tric material, subjecting said body of dielectric
material and said coating of said second dielec-
tric material to dielectric heating between elec-
trodes across which a high-frequency voltage is
impressed, said body of dielectric material and
said coating on said lateral surfaces being elec-
trically connected in parallel between said elec-
trodes during said dielectric heating, whereby
the higher temperature reached by said coating
of said second dielectric material is effective in
maintaining a substantially uniform temperature
throughout said body of dielectric material for
the thermal activation of said body.

8. In a method of offsetting or preventing heat
losses due to thermal conduction, convection or
radiation from the lateral surfaces of a body of
dielectric material, the steps including, coating
said lateral surfaces of said body of dielectric ma-
terial with a second dielectric material, said sec-
ond dielectric material also being a surface binder
or finish coat material and having a dielectric
loss factor higher than the dielectric loss factor
of said body of dielectric material, and subject-
ing said body of dieleciric material and said coat-
ing of said second dielectric material to dielectric

‘heating between electrodes across which a high-

frequency voltage is impressed, said body of di-
electric material and said coating on said lateral
surfaces being electrically connected in parallel
between said electrodes during said dielectric
heating, whereby the higher rate of dielectric
heating and consequent temperature of said
coating of said second dielectric material is effec-
tive in maintaining a substantially uniform tem-
perature throughout said body of dielectric ma-
terial during thermal activation of said body and
said coating serves as a surface binder or finish
coat for said body of dielectric material.

9. In a method of dielectrically heating a mass

of dielectric material having lateral surfaces
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subject to surface cooling, the steps including:
depositing said mass within a mold of dielectric
material with a coating having a higher loss
factor than that of said mass interposed between
the mass and the mold; positioning said mass
between a pair of plate electrodes with said mass
and said coating electrically connected in parallel
between said electrodes; and simultaneously sub-
jecting said mass and said coating to a high-
frequency alternating electric stress by impress-
ing a high-frequency electric voltage between
said electrodes to generate heat simultaneously
within said mass and said coating, said coating,
having a higher loss factor than that of the
mass and being disposed in a parallel circuit
therewith between said electrodes, heating at a
rate faster than the rate of dielectric heating of
said mass during the application of said high-
frequency alternating electric stress thereto.

10. In a method of dielectrically heating a mass
of dielectric material having lateral surfaces sub-
ject to surface cooling, the steps including: dis-
posing said mass within the walls of a mold of
dielectric material heated to a temperature above
the temperature of the mass and having a higher
loss factor than that of said mass, with the lat-
eral surfaces of said mass in contact with the
heated walls of said mold; positioning said mass
between a pair of plate electrodes with said mass
and said mold walls in contact with the lateral
surfaces of the mass electrically connected in
parallel between said electrodes; and simultane-
ously subjecting said mass and said mold walls

15

20

30

10

to a high-frequency alfernating electric stress
by impressing a high-frequency alternating elec-
tric voltage between said electrodes to generate
heat simultaneously within both said mass and
said mold walls, said mold walls, having a higher
loss factor than that of the mass and being dis-
posed in a parallel circuit therewith between said
electrodes; heating at a rate faster than the rate
of dielectric heating of said mass during the
application of said high-frequency alternating
electric stress thereto.

GEORGE E. GARD. _
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