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A MICROWAVE ENERGY GENERATION DEVICE USED TO            FACILITATE REMOVAL
OF CONCRETE FROM A METAL                              CONTAINER
The present invention relates to devices  5     used for removing concrete
from concrete mixing        containers and a method for removing concrete
from        such containers.                  Containers for mixing
concrete have their        most predominant application in what are
commonly 10     known as "cement trucks," used in the construction
industry. Such concrete mixing containers are        typically made from
metal, such as steel, and are        mounted for rotation on a truck. The
containers are        provided with internal mixing fins for mixing or 15
agitating concrete contained therein during rotation        thereof. Such
agitation and mixing maintains the        consistency of the concrete and
inhibits the        concrete from hardening within the container.
Premixing containers or drums are also 20     known in the concrete
industry and are used to        premix concrete (which is typically a
mixture of        cement, sand, stone, water and hardening agents)
with rotatable blades mounted for rotation within        the container. The
premixing containers are also 25     typically made from steel and have
similar volumes        to the cement truck type containers. Smaller
concrete containers are also typically made from 



steel and serve, for example, as a household        appliance for use in
paving driveways and other 30     similar applications.  These smaller
containers are        also mounted for rotation or provided with other
means of agitating concrete placed therein.                  It can be
appreciated that there are        significant problems and costs associated
with          WO 96/17500
PCT/US95/12359                                       2         maintaining
such mixing containers. For example, if        a container containing
concrete sits. for an extended        period of time without mixing or
agitating the        concrete contained therein, the concrete will harden
5     or "cure."  Most of the hardened concrete will        adhere to the
inner walls of the mixing container.        Hardening of concrete within
the container can be        inhibited to some extent if the concrete within
the        container is continuously agitated until the 10     container is
emptied and cleaned with water or        solvent. It can be appreciated,
however, that it is        quite difficult to prevent concrete from ever
hardening within the container. In actual use, it        is almost
inevitable that some appreciable amount of 15    hardened concrete will
accumulate within the mixing        container during its useful life.  This
build-up 



must be removed, or the mixer loses its efficiency        and load carrying
capacity. In fact, in some cases,        an inordinate accumulation of
concrete within the 20    mixing container results in the need to dispose
of        the container. Disposal is normally a last resort,        as
containers of this nature are relatively        expensive.
While different methods of removing 25     hardened concrete from concrete
mixing containers        are currently employed, none are cost effective or
convenient. The predominant method of concrete        removal is for an
individual to use a jackhammer,        sledge hammer, or hammer and chisel,
to mechanically 30    break apart the concrete and then manually remove
the concrete fragments from the container. In the        instance in which
it is necessary to remove hardened        concrete from a large mixing
container, such as        those mounted on a cement truck, it is necessary
for 35    the individual to climb into the container and to      WO
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3        mechanically break the hardened concrete while       inside. In
the instances in which large amounts of       concrete must be removed,
explosives may be used as       a preliminary step in loosening the
concrete. 5               While removal of concrete can be
accomplished in such fashion, there are a number of        drawbacks
associated with it. For example, because 



of the inherent strength of hardened concrete,        mechanical breakage
is quite difficult, and requires 10     a substantial number of man-hours
when a typical        amount of concrete must be removed. Additionally,
because a substantial amount of force must be        applied to the
hardened concrete in order to break        it apart (by explosion or by use
of an appropriate 15     tool), substantial damage to the container may be
caused. For example, puncture holes or cracks can        be formed in the
container, thereby rendering it        unusable. At this point, the
container must either        be discarded or repaired at a substantial
expense. 20               The patent literature, such as U.S. Patent
Nos. 5,003,144, 3,443,051, 3,430,021, 3,614,163, and        3,601,448 has
proposed to utilize microwave        radiation energy to assist cracking of
concrete or        rock material in an open environment, such as in a 25
rock field or on pavement.  However, use of        microwave energy in such
fashion has had limited        success. More specifically, in order to
weaken the        chemical structure of concrete sufficiently to
facilitate breakage, it is necessary for microwaves 30     to penetrate
deeply into the concrete, and be        absorbed by water molecules
throughout the thickness        of the concrete.  In an open environment,
microwaves        must be projected at highly localized portions of
concrete to enable any cracking of the concrete to 35     be accomplished.
For example, U.S. Patent No.        WO 96/17500
PCT/US95/12359   



4         3,4430,021, discloses the need to employ a microwave
waveguide to direct a microwave beam at a small area        of a concrete
surface for a sufficient amount of        time to cause localized cracking.
Even with the  5     application of microwave energy in such tedious
fashion, the transmission losses of the microwave        energy remain
significant.  As a result, the        effectiveness and efficiency of these
types of        devices are lacking and commercially deficient. 10
The present invention stems from extensive        experimentation in which
microwave radiation energy        was used to remove hardened concrete from
the closed        environment of a metal container. The
experimentation revealed that generation of 15     microwave energy into a
metal container is an        extremely effective and efficient way to
separate        concrete from the inner walls of the container and
to make the concrete sufficiently brittle that it        will crack.
Because the container is made from 20     metal, it effectively contains
not only the concrete        but also the microwave radiation energy. The
metal        fabric of the container will continue to reflect
microwaves tuned to the natural resonant frequency        of water
molecules until the microwaves impact upon, 25     and are absorbed by,
water molecules in the        concrete. The absorbed energy is released as
thermal energy, and, eventually, the water molecules        are liberated
from the concrete as water vapor.                  It has been found that
operation of the 30    microwave energy generation device of the present
invention for a relatively short period of time        (e.g., on the order
of an hour, depending on the        power of microwave energy generated and
the amount        of concrete which is to be removed), will cause a 



35     sufficient amount of water removal from the concrete      WO
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to cause the concrete to become brittle and crack.        In many areas,
the concrete actually separates from        the inner walls of the
container. As a result, the        force required to break apart the
concrete is  5     significantly reduced and can be applied relatively
easily and quickly, without the likelihood of        container damage. For
example, an ordinary hammer        or pry bar can be used to dislodge the
concrete from        the container walls. Even more significantly, it 10
has been found that after applying microwave energy        for a greater
period of time (e.g., after a few        hours), the hardened concrete will
actually weaken        sufficiently that it breaks free from the container
wall at areas at which the adhesion forces no longer 15    can support the
weight of the concrete.  Moreover,        it has been found that
application of microwave        radiation energy for an even longer period
of time        (e.g., several hours) will actually cause the cement
to explode into fragments. More specifically, as 20    water vapor is
liberated from the concrete,        significant amounts of the vapor
accumulates in        small pockets within the concrete. As more water
vapor is generated, the vapor pressure within the        pockets increases.
This, combined with the weakened 25     chemical structure of the concrete,
eventually 



causes the hardened concrete to explode. Thus,        removal of hardened
concrete can be accomplished        simply be emptying the concrete
fragments from the        metal container, without the need for additional
30    mechanical breakage, or for personnel to enter the        confines of
the container.                  In one test, approximately one-half (1/2)
yard (one yard of concrete is one cubic yard by        volume) was removed
from a commercial cement truck 35     container.  Approximately one cubic
foot of the
PCT/US95/12359  WO 96/17500                                     6
material was found broken free of the walls, some of        which exploded
free. Most of the remaining concrete        had visibly separated from the
mixing fins and walls        of the container, and was sufficiently brittle
that  5     a two pound hammer and a twelve inch pry bar could        be
used to leverage the concrete from the fins and        walls.  In most
areas, the separation space between        the concrete and the inner
surfaces of the container        was large enough to insert the pry bar.
In other 10     areas, simple hammering caused the concrete to
shatter and fall.                        SUMMARY OF THR  INVENTION
It is therefore an object of the present 



invention to provide an apparatus for mixing 15     concrete that is
adapted to facilitate removal of        hardened concrete therefrom. The
apparatus includes        a metal container and a microwave energy
generation        device.  The metal container is adapted to contain
concrete to enable concrete placed therein to be 20     mixed or agitated,
the container having inner walls        to which the concrete may adhere
when the concrete        hardens. The microwave energy generation device
generates microwave radiation energy into the metal        container and is
capable of liberating water 25     molecules from the concrete placed in
the container        so as to weaken the chemical structure of the
concrete to thereby facilitate breakage of the        hardened concrete and
removal of the concrete from        the container. 30               It is a
further object of the present        invention to provide a microwave
energy generation        device used to facilitate removal of concrete from
a        metal container utilized in mixing concrete. The        microwave
energy generation device includes a rigid      WO 96/17500
PCT/US95/12359                                      7         base adapted
to be mounted over an opening in the        metal container, and at least
one microwave energy        generation source mounted on the base. The
microwave energy generation source is capable of  5     generating
microwave radiation energy into the metal 



container to liberate water molecules from concrete        in the metal
container so as to weaken the chemical        structure of the concrete. In
addition, circuitry        is operably connected with the at least one 10
microwave energy generation source to enable the at        least one
microwave energy generation source to        generate microwave energy.
In accordance with the principles of the        present invention, it is a
further object of the 15     invention to provide a method for removing
hardened        concrete from a metal container. The method        includes
covering an opening in the metal container;        generating microwave
radiation energy into the metal        container to liberate water
molecules from the 20     hardened concrete in the metal container so as to
weaken the chemical structure of the concrete;        uncovering the
opening in the metal container; and        removing the concrete from the
metal container.                  The preferred embodiment of the present
25     invention will be better understood with reference        to the
following detailed description.                   BRIEF DESCRIPTION OF THE
DRAWINGS                 FIGURE 1 is a schematic view, partly in
section, showing a cement truck incorporating a 30    metal
mixing-container in accordance with the        principles of the present
invention.                  FIGURE 2 is a partial sectional view
showing the interface between the microwave energy       WO 96/17500
PCT/US95/12359  



8         generation device and the metal container of'the        present
invention.                  FIGURE 3 is a perspective view, with
certain portions removed to better reveal others, of  5     a shield
structure in accordance with the principles        of the present
invention.                  FIGURE 4 is a perspective view showing a
fan for drawing heated air with high water vapor        content outwardly
from the metal mixing-container in 10     accordance with the principles of
the present        invention.                  FIGURE 5 is a plan view
showing the main        opening of the metal mixing-container of the
present        invention. 15               FIGURE 6 is a plan view showing
one side        of the microwave energy generation device
manufactured in accordance with the principles of        the present
invention.                  FIGURE 7 is a block diagram showing the 20
system used to operate the apparatus of the present        invention.
FIGURE 8 is a perspective view showing        another embodiment of the
present invention.            DETAILED DESCRIPTION OF THE PREFERRED
EBODIMENT 25               For convenience, the present invention is
shown and described as it applies specifically to        the type of metal
mixing-container which is        rotatably mounted on a cement truck.  It
is        understood, however, that the present invention has 30
applications in other types of metal mixing-        containers for mixing
concrete. 



Shown generally in FIGURE 1 is a cement        truck 10, which incorporates
a metallic mixing-        container 12 in accordance with the principles of
WO 96/17500                                      PCT/US95/12359
9         the present invention. The metal container 12 has a
forward end 14 thereof rotatably mounted on a        rotating apparatus 16
of the truck 10. A rearward        portion 18 of the container 12 is
supported by a  5     truck bearing mount 20, which facilitates rotation
of the container through the rotating torque of        apparatus 16.
The container 12 is somewhat tubular, and        the rearward portion 18
thereof has a major opening, 10     generally indicated at 22.  The opening
22 is        defined by an annular flange 24. While the forward        end
14 is typically provided with a similar opening,        such opening is
closed off by its interface with the        rotating apparatus 16. 15
It can be appreciated that the container        12 is adapted to have a
concrete slurry, dry mix        ingredients, or suspension placed therein
through        opening 22. As the mixing-container 12 is rotated        via
the apparatus 16, internal mixing fins 26 mix or 20     agitate the
concrete.  The mixing fins 26 are welded        to the inner surface 28 of
the container 12, and        extend radially inwardly into the container 12
toward the axis of rotation "a", indicated by dashed 



lines. 25               In FIGURE 2, the interface between the        metal
container 12 and a microwave energy generation        device, generally
indicated at 30, is shown. The        microwave energy generation device 30
includes a        rigid base 32, made from a metallic material such as 30
aluminum, and has a plate-like, circular        configuration. The base 32
functions as a cover        that closes off the major opening 22 in the
container.                  The microwave energy generation device 30 35
also includes at least one microwave energy        WO 96/17500
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source mounted on the base. In FIGURE 2,        the microwave energy
generation source is in the        form of a plurality of magnetrons 34.
The microwave        energy generation device 30 also includes circuitry  5
operably connected with the magnetrons 34, as is        shown in FIGURE 7,
and which will be described in        greater detail later.
The magnetrons 34 are commercially        available, and each utilizes
power in the 0.5-1 10    kilowatt range.  Preferably, anywhere between
fifteen to forty 1-kilowatt magnetrons are used, for 



a total of 15-40 kilowatts of power. It is        understood that, as more
power is used, the time        required to evaporate a predetermined amount
of 15    water decreases.  It is also understood that a        single
microwave energy generation source can be        used.  For example, it is
possible to use a single        magnetron of approximately 20 kilowatts.
While a        single magnetron with less power can also be used, 20
the amount of time required to liberate the required        amount of water
will be longer than the time        considered desirable for commercial
application. It        should also be noted that other types of microwave
energy generation sources can be used, such as 25     travelling wave
tubes, klystrons, solid state        amplifiers, and others.  Preferably,
the microwave        generation source is tuned to a resonant frequency
of the water molecule, which is approximately 2450        mHz. However,
excitation of any molecular 30     component, such that the bulk concrete
rises in        temperature beyond the boiling point of water, would
provide an appropriate method for fracturing the        concrete without
using a water resonant frequency.                  As shown in FIGURE 2,
each of the 35    magnetrons 34 mounted on rigid base 32 includes an
WO 96/17500                                      PCT/US95/12359
11         antenna 36 from which microwave energy is emitted,        and a
main housing 38. The housing 38 houses 



components used to generate the microwave energy.        As shown, each of
the main housings 38 are secured  5    to an outer surface 40 of the rigid
base 32 by        appropriate fasteners 42. The antennas 36 extend
through openings in the rigid base 32, past an inner        surface 44 of
the rigid base, and into the confines        of the container. Omitted from
FIGURE 2, for 10     clarity, are electrical cables and cooling fans for
the magnetrons.                  The annular flange 24 of container 12
engages an annular peripheral surface 46 of the        rigid base 32, when
the base 32 is mounted over the 15     opening in the container 12.
Fasteners 48 extend        through the flange 24 and through openings 45 in
the        base 32 at circumferentially spaced locations to        secure
the base 32 to the container 12. Disposed        between the flange 24 and
annular surface 46 is an 20     annular sealant 50.  The sealant 50 is
preferably in        the form of a metal gasket, or a metallic resin. In
addition to, or instead of, sealant 50, an exterior        sealant 52 can
be provided. Shown in FIGURE 2,        sealant 52 is in the form of
metallic tape at the 25     juncture between flange 24 and rigid base 32.
The        provision of such sealants is desirable in order to
prevent leakage of microwave radiation into the        environment.
During one seventeen hour test the 30     microwave leak rate was measured
at the interface of        the annular flange 24 with the annular
peripheral        surface 46 of the rigid base 32. For sealant 52,
metallic tape was used. C-shaped clamps were used        as fasteners to
peripherally secure the rigid base 35     32 to the annular flange 24.  The
measured leak rate      
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12         was less than 1 milli-watt per centimeter squared        (1
mW/cm2).                  Also provided between the container flange
24 and the annular surface 46 of the base, are  5     contact sensors 56
mounted at circumferentially        spaced positions on annular surface 46.
The contact        sensors 56 are connected with the circuitry shown in
FIGURE 7, and are operable to detect whether the        annular surface 46
is in proper circumferential 10     engagement with the annular flange 24.
The contact        sensors 56 serve as a precautionary measure, to
ensure that microwave energy does not leak into the        environment.
As also shown in FIGURE 2, handles 58 are 15    provided to enable a user
to easily place the        microwave energy generation device 30 over the
opening in the container 12. In this regard, it is        preferable for
fasteners 48 to be captive bolts,        which remain with the rigid base
32 at all times, 20     and which can be easily aligned with the openings
in        flange 24.                  Shown in FIGURE 3 is a protective
shield        60 manufactured in accordance with the principles of
the present invention. The shield 60 is omitted 25     from FIGURE 2 for
the sake of convenience.  It is        preferable for the protective shield
60 to be        mounted on the inner surface 44 of the rigid base.
The protective shield 60 has a protective wall 62 



mounted directly over the antenna 36 in order to 30     reduce the
likelihood of exploding concrete        fragments from impacting the
antenna 36. The        protective shield 60 is formed from a metallic
material, and also functions to provide an impedance        match for the
antenna to free space. The shield 60 35     functions also to disperse the
microwave energy      WO 96/17500
PCT/US95/12359                                     13        through
opening 66, after at least a portion of the       microwaves are reflected
within the confines of the       shield 60. Such dispersion of microwaves
is       desirable because it reduces the time in which they 5    will find
and be absorbed by water molecules in       concrete located in corners and
crevices within the       container.                  It can be appreciated
that providing a       microwave energy generation device with a plate-like
10    base is a preferred construction.  The are other       constructions
which are also advantageous. For       example, the microwave energy
generation device may       include an encasing mounting structure having
an       opening. Such an encasing mounting structure may 15    have, for
example, a cylindrical or box-like        configuration. A cylindrical
mounting structure        would include a sleeve portion, one closed-off
end,        and one opened end mounted over the container 12
opening. The magnetrons would then be mounted on 



20     the exterior of the cylindrical encasing, with the        antennas
projecting inwardly into the confines of        the encased area. By
providing such a        configuration, more mounting surface area is
provided so that more magnetrons can be used. In 25     other words, since
the surface area of an encasing        structure is larger than a
plate-like base, more        magnetrons can be mounted, thereby enabling
more        microwave energy to be generated. This expedites        the
liberation of water molecules from concrete. 30               In another
configuration, as shown in        Figure 8, the microwave generation device
includes a        cover 200 for the container opening. While the
cover may be similar to rigid base 32, it will not        have any
magnetrons mounted thereon. Rather, the 35    cover 200 will be provided
with one or more large       WO 96/17500
PCT/US95/12359                                       14         openings
202 (only one opening being shown in the        embodiment of Figure 8)
therethrough, each for        receiving a metallic flexible tube 204. For
example, the tube may be made from a corrugated  5     aluminum, and have a
diameter of approximately two        to four feet.  A microwave energy
generation source        206, such as a plurality of magnetrons, is
provided        remotely from the cover.  The microwave energy 



generation device may also include a mobile box 212 10     or enclosure
into which the microwave energy is        generated by the microwave energy
generation source.        In any event, the microwave energy is guided from
the remote generation source by the metallic        flexible tube 204 into
the confines of the 15     container.  The tube is peripherally sealed at
both        ends 208 and 210 so that microwave energy cannot        escape
into the environment.  This configuration is        advantageous because no
magnetrons are mounted on        the cover, and as a result, the weight of
the unit 20    which is mounted over the container opening is
greatly reduced. In addition, the circuitry and        electrical cables
that are connected with each        magnetron (or other microwave
generation source) can        be harnessed more neatly.  As a result, the
25     apparatus can be made more user friendly.                  FIGURE 4
illustrates a ventilation device        generally indicated at 70.  The
ventilation device        is also shown in FIGURE 1 mounted on the
container        12. The ventilation device includes a fan 72 and a 30
rigid metal plate 74. The plate 74 is secured over        an opening in the
side of the container 12 by        appropriate fasteners 76. A sealant
similar to the        sealant 50 and/or 52 shown in FIGURE 2 is used
between the outer surface of the container about the 35     side opening
and the periphery of plate 74.      WO 96/17500
PCT/US95/12359      



15         Ventilation holes 78 extend through the plate 74,        and
enable the fan 72 to aspirate water vapor from        the container as
water is liberated from the        hardened concrete by the microwave
energy generation  5     device.  The plate 74 may be mounted over an
opening        within the container 12 which is normally provided        to
enable individuals cleaning the container 12 to        climb into the
container 12. When the container 12        is used to mix concrete, a plate
similar to plate 10     74, but without ventilation holes, covers the side
opening in the container.                  It is preferable for vent holes
78 in the        plate 74 to be sufficiently small, so that
microwaves are not permitted to escape therethrough. 15     For example, it
is preferred that such openings be        less than 1/4" in diameter for a
microwave frequency        of 2450 mHz, since microwaves of this frequency
have        a wavelength of sufficient length, that they will        not be
permitted to traverse holes of this size. 20               Contact sensors
75 are preferably provided        at spaced locations between the
peripheral interface        of the inner surface of the plate 74 and the
exterior surface of the container 12. The contact        sensors 75 are
connected with the circuitry shown in 25     Figure 7, and are operable to
provide an appropriate        indication when proper peripheral contact
between        the plate 74 and the exterior surface of container        12
is not obtained. The contact sensors 75 are        provided to warn a user
of potential microwave 30     leakage between the plate 74 and container
12.                  FIGURE 5 is a plan view showing the inner
confines of container 12 as seen through opening 22.        As shown, the
peripheral flange 24 is provided with        a plurality of openings 80,
which serve to receive 35    the fasteners 48 shown in FIGURE 2.  As can
also be  
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16         appreciated from FIGURE 5, the fins 26 extend        radially
inwardly towards the axis of rotation of        the container, and
terminate a predetermined        distance "r" therefrom.  This distance "r"
is shown  5     by dashed lines in FIGURE 5, and represents the
radius of a circle generally defined by the inner        edges of fins 26.
The dashed line "D" represents        the diameter of this circle.
FIGURE 6 is a plan view of the microwave 10     energy generating device 30
showing outer surface        40, and main housings 38.  Not shown are
wiring        cables electrically connecting the magnetrons with
appropriate circuitry, and forced air cooling fans        for cooling the
magnetrons. The antennas 36 of each 15     of the magnetrons 34 are
represented by circular        dashed lines in FIGURE 6.  As also shown in
FIGURE        6, vent holes 84 are provided at spaced locations
through the rigid base 32. These vent holes permit        outside air to
enter the confines of the container 20     12 as air with high water vapor
content is exhausted        through vent holes 78 in the plate 74.  The
vent        holes 84 provide cross-ventilation through the        container
and expedite the rate at which water        molecules are forced from the
container by fan 72. 25     It is preferable for vent holes 84 in the rigid



plate 32 to be sufficiently small so that microwaves        are not
permitted to escape therethrough.  For        example, it is preferred for
such openings to be        less than 1/4" in diameter, as described 30
hereinbefore with respect to openings 78 in plate        74.
As can also be discerned from FIGURE 6, it        is preferable for the
majority of the magnetrons 34        to be concentrated towards the center
of the rigid 35     base 32, so that the antennas 36 are disposed within
WO 96/17500                                      PCT/US95/12359
17         radius "r" from the center of the base. As noted
hereinbefore, the circle formed by the inner edges        of fins 26
defines radius "r", as shown in FIGURE 5.        The positioning of
magnetrons 34 in this fashion  5     decreases the time required for
dispersion of        microwaves towards the rearward portion of the
container to facilitate liberation of water        molecules from concrete
thereat.                  Shown in FIGURE 7 is the circuitry forming 10
part of the microwave energy generation device of        the present
invention. The circuitry includes a 240        VAC, 60 Hz voltage supply
90. The voltage supply 90        provides power for the entire apparatus,
including        the ventilation fan 72, high voltage/filament 15
transformer 92, magnetrons 34, contact sensors 56, 



contact sensors 75, a fan 94 for cooling the        transformer 92, and a
fan 93 for cooling the        magnetrons. Thermal cutouts 95 are used to
protect        the magnetrons and transformers. The circuitry also 20
includes a capacitor 96 and diode 98.  The diode,        capacitor, and
high voltage transformer function to        provide electrical energy to
the magnetrons 34,        which convert the electrical energy to microwave
energy.   An on/off switch 102 is connected with a 25     relay 104, and
controls the operation of the        microwave energy generation device 30.
Indicator        lights 106 are provided to indicate the proper
functioning and/or status of the magnetrons 34,        transformers 92,
contact sensors 56, and contact 30     sensor 75.  For example, such
indicator lights 106        might indicate whether power is being provided
to        each magnetron, and whether each of the contact        sensors is
making proper contact with the respective        surface which it is to
contact. It can also be 35     appreciated that while only one on/off
switch 102       WO 96/17500
PCT/US95/12359                                     18         may be
provided, an independent switch may be        provided for each magnetron.
This may be        beneficial, for example, when the same microwave
energy generation device of the present invention is  5     to be
sequentially used in conjunction with many 



different containers of different sizes.  With a        larger sized
container, it may be preferable to        utilize more microwave radiation
energy than with a        smaller container. 10               With respect
to the manner in which the        microwave energy generation device is
secured to the        container, fasteners other than the bolts disclosed
can be used.  For example, the aforementioned        C-shaped clamps may be
used to clamp the peripheral 15     outer portion of the rigid base 32 to
the flange 24.        Use of this type of clamp may facilitate the ability
to adapt the microwave energy generation device to        containers having
flanges 24 of different diameters.                  While
premixing-containers typically have 20     a major opening that is
rectangular in shape, and       which is generally larger that the opening
in a       container for a cement truck, the microwave       generation
device can be easily adapted by       customizing the size and shape of the
rigid base 25     according to the size and shape of the opening over
which it is to be mounted.  The same holds true        where the microwave
generation device is to be used        together with a smaller
mixing-container.                  While the invention has been illustrated
30     and described in detail in the drawings and        foregoing
description, the same is to be considered        as illustrative and not
limiting in character. It        is to be understood that the preferred
embodiment        has been shown and described and that all changes
WO 96/17500                                        PCT/US95/2359   



19        and modifications that come within the spirit and       scope of
the appended claims are to be protected.       WO 96/17500
PCT/US95/12359                                   20      WHAT 1S CLAIMED
IS:               1. A combination of a concrete mixing     container and
device for removing hardened concrete     therefrom, comprising:
a metal container adapted to contain     concrete, said metal container
having inner walls     and internal mixing fins connected to said inner
walls, said internal mixing fins extending from said     inner walls
inwardly into said container for mixing     or agitating concrete placed
within said container     said inner walls and said mixing fins being prone
to     concrete rigidly adhering thereto when said concrete     hardens;
and               a microwave energy generation device for     generating
microwave radiation energy into said     metal container and being capable
of liberating     water molecules from said concrete placed in said
container so as to weaken the chemical structure of 



said concrete to thereby facilitate breakage of said     hardened concrete
rigidly adhered to said inner     walls and said mixing fins and thus
removal of said     concrete from said container.                 2.  The
combination according to claim 1,     wherein said microwave energy
generation device     comprises:               a rigid base for being
mounted over an     opening in said metal container;               at least
one microwave energy generation     source mounted on said base; and
circuitry operably connected with said at     least one microwave energy
generation source to     enable said at least one microwave energy
generation     source to generate microwave energy.       WO 96/17500
PCT/US95/12359                                    21                 3.
The combination according to claim 2,      wherein said at least one
microwave energy      generation source comprises at least one magnetron
mounted on said rigid base.                  4.  The combination according
to claim 3,      wherein each said magnetron includes an antenna from 



which said microwave energy is emitted, and further      comprising a
protective shield for protecting said      antenna from concrete fragments
within said      container which may be projected toward said antenna
as a result of the weakening of the chemical      structure of said
concrete.                  5.  The combination according to claim 4,
wherein said protective shield is formed from metal      and functions to
disperse said microwave energy as      it is emitted from said antenna.
6.  The combination according to claim 3,      wherein said rigid base has
a plate-like      configuration and is formed from a metallic
material, said base having an inner surface facing      inwardly into the
confines of said container and an      opposite surface facing outwardly
from said      container when said base is mounted over the opening      in
said container, and                wherein each said magnetron comprises a
main housing mounted on the opposite surface of said      base, and an
antenna extending from said main      housing through an orifice in said
base so as to      project past said inner surface into said container
when said rigid base is mounted on said container.        WO 96/17500
PCT/US95/12359   



22                 7.  The combination according to claim 2,      wherein
said metal container comprises an annular      flange surrounding said
opening therein, and wherein      said rigid base has an annular surface
constructed      and arranged to engage said flange when said base is
mounted over said opening.                  8.  The combination according
to claim 7,      further comprising fasteners for fastening said      rigid
base to said flange of said container with      said annular surface of
said rigid base disposed in      contact with said flange.
9.  The combination according to claim 8,      further comprising a sealant
disposed at a junction      between said annular surface of said rigid base
and      said flange of said container to prevent microwave      energy
from escaping said container through said      junction.
10. The combination according to claim 9,      wherein said sealant
comprises at least one of a      metallic resin and a metallic gasket
disposed      between said annular surface and said flange.
11.  The combination according to claim 9,      wherein said sealant
comprises metallic tape.   



12. The combination according to claim 9,      further comprising contact
sensors disposed at      circumferentially spaced positions on said annular
surface, said contact sensors being operable to      detect whether said
annular surface is in      circumferential engagement with said annular
flange.      WO 96117500
PCT/US95/12359                                     23                  13.
The combination according to claim 9,      wherein said annular surface is
disposed at an outer      periphery of said rigid base.
14. The combination according to claim 6,      further comprising at least
one handle mounted on      said opposite surface.                   15. The
combination according to claim 2,      further comprising at least one
ventilation opening      in at least one of said container and said rigid
base, and a fan for forcing said water molecules      liberated from said
concrete through said at least      one opening and outwardly from said
container.                   16. The combination according to claim 



15, further comprising at least one cross-      ventilation opening
disposed in at least one of said      container and said rigid base at a
position spaced      from said at least one ventilation opening to
provide cross-ventilation facilitating said fan in      forcing said water
molecules from said container      through said at least one ventilation
opening.                   17. The combination according to claim       16,
wherein said at least one ventilation opening       and said at least one
cross-ventilation opening have       a diameter less than a diameter that
would permit       microwave energy to escape said container
therethrough.                   18. The combination according to claim
17, wherein said diameter of said openings is less       that 1/4".
WO 96/17500                                      PCT/US95/12359
24                 19. The combination according to claim      15, wherein
said container comprises a removable      panel having said at least one
ventilation opening      disposed therein, and wherein said fan is mounted
on 



said removable panel of said container for forcing      said water
molecules through said at least one      opening in said removable panel
and outwardly from      said container.                  20. The
combination according to claim      19, wherein a sealant is disposed
between a      peripheral portion of said removable panel and the
exterior surface of said container to prohibit      escape of microwave
energy from said container.                  21. The combination according
to claim 3,      wherein said container is adapted to be rotatably
mounted on a truck, wherein an axis of rotation of      said container
generally passes through a central      portion of said opening in said
container, and      wherein said internal mixing fins extend radially
inwardly from said inner walls towards said axis.                  22. The
combination according to claim      21, wherein said mixing fins radially
terminate at      an inner edge disposed a predetermined distance from
said axis, said at least one magnetron mounted on      said rigid base
being positioned at a distance from      said axis which is generally less
than or equal to      said predetermined distance from said axis when said
base is mounted over said opening in said container      so that said
microwave energy can be directed      through said container without
substantial      interference from said fins.      
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25                  23. The combination according to claim       21,
wherein said container comprises a rearward       opening disposed at a
position opposite said opening       over which said rigid base is mounted,
said rearward       opening adapted to be closed off by a portion of
said truck on which said container is mounted.                   24. A
microwave energy generation device      used to facilitate removal of
concrete from a metal      mixing container having an opening, said
microwave      energy generation device comprising:                 a cover
having an outer periphery larger      than the opening in the metal mixing
container to      enable the cover to close said opening in said
container, said cover having at least one opening      therethrough;
a metal enclosure disposed remotely from      said cover;
at least one microwave energy generation      source contained within said
metal enclosure remote      from said cover and adapted to generate
microwave      radiation energy into the metal enclosure;
at least one conduit providing      communication between said metal
enclosure remote      from said cover and said at least one opening in
said cover for transmitting microwave radiation      energy generated by
said at least one microwave      energy generation source through said at
least one      opening in said cover and into said metal container      so
as to liberate water molecules from hardened 



concrete within the metal container and thereby      weaken the chemical
structure of said hardend      concrete; and                 circuitry
operably connected with said at       least one microwave energy generation
source to       WO 96/17500
PCT/US95/12359                                   26       enable said at
least one microwave energy generation      source to generate microwave
energy.                  25. A microwave energy generation device
according to claim 24, wherein said cover is in the      form of a metallic
plate, and, and wherein said at      least one conduit is made from
aluminum.                  26. A method of removing hardened      concrete
from a metal container used for mixing      concrete comprising:
covering an opening in said metal      container;                generating
microwave radiation energy into      said metal container to liberate water
molecules      from said hardened concrete in said metal container      so
as to weaken the chemical structure of said      hardened concrete; 



uncovering said opening in said metal      container; and
removing said hardened concrete from said      metal container.
27.  A method according to claim 26,      further comprising generating
sufficient microwave      energy within said container to cause said
hardened      concrete to weaken to the extent that it fractures
during generation of said microwave energy.                  28.  A method
according to claim 26,      further comprising mechanically breaking said
weakened concrete after uncovering said opening in      said metal
container.       WO 96/17500
PCT/US95/12359                                    27                 29. A
method according to claim 26,      wherein said hardened concrete is
initially adhered      to inner walls of said container, and further
comprising                separating said hardened concrete from      said
inner walls as a result of the generating of      said microwave radiation
energy into the metal      container. 



30. A method of using and cleaning a      metal container used for mixing
concrete in a cement      truck comprising:                using said metal
container to mix at least      one batch of concrete slurry by rotating
said metal      container and causing mixing fins of said metal
container to agitate said concrete slurry, at least      a portion of said
concrete slurry adhering to inner      walls and said mixing fins of said
metal container      and becoming solidified on said inner walls and said
mixing fins;                covering an opening in said metal
container after a selected amount of said concrete      slurry has
solidified on said mixing fins of said      metal container;
generating microwave radiation energy into      said metal container to
liberate water molecules      from said solidified concrete in said metal
container so as to weaken the chemical structure of      said concrete and
cause at least a portion of said      solidified concrete to separate from
said mixing      fins;                uncovering said opening in said metal
container; and                removing at least a portion of said
solidified concrete that has separated from said    


