Wb 96/ 17500 | PCT/ US95/ 12359

A M CROMVEWeNegReeGENERATI ON DEVI CE USED TO FACI lpchfddes/mizkéVAL
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The present invention relates to devices 5 used for renoving concrete
from concrete m xing containers and a nethod for renoving concrete
from such cont ai ners. Contai ners for m xing
concrete have their nost predom nant_application in what are
comonly 10 known as "cement trucks,” used in the construction

I ndustry. Such concrete, Qx| 0 L LC de from
metal, such as steeL,haﬁgbgbggy% Q&Qhﬁﬁﬂﬁﬁﬁéapg}oropgﬁ¥§h ghk§ E?uck. The
containers are FAGILIEATE REMOVAL rOF| CONCRERE fFROM O MERAL ng or 15
agitating concrete contained therein dushifafeggti on ~thereof. Such
agitation and m xi ng mai ntains the consi stency of the concrete and
i nhibits the concrete from hardening within the container. '
Prem xi ng containers or drulkeapresent ZAventidnorelaves heocaecices

ndustry angl are Ysed 18- romovi Rl CHbHCERPE" Ehon(UBbEPats hyRLAZ! 1Y 2
m xture of cenent, san%, SF oRa Charer - ang ardenrng agents)
with rotatabl e bloertaipenscandoa rethedofoni remeving conereteofrelner. The

prem xi ng cont ai NgESh 3EEnEa ERars. typically made from steel and have
simlar volunes - - to the cepent truck t¥£e cont ai ner s, Sna{ﬂer

concrete containers are al sSEORGRIREFFIARRIX{RF, 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



steel and serve, for exanple, as a household appliance for use in
pavi ng driveways and ot her 30 simlar applications. These smaller

cont ai Nekg al so nmounted for rotation or providegc¥$%a%§%gﬁ;

means of aga{atlng concrete placed therein
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such m xing containers. For exanple, if a contai ner containing
concrete sits. for an extended pesiod of tinme w thout m xing or
agitating the ~concrete contained therein, the concrete will harden
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accunul ate W tHiradr¥hga¢ bncrete WO AL NBle bheRinds &skfpe ife. This
bui d-up 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. 1In the
instance in which it is necessary to remove hardened
concrete from a large mixing container, such as
those mounted on a cement trhck; it is necessary for -

35 the individual to climb into the container and to
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associated with
10 a substantial number of man-hours when a typical

amount of concrete must be removed. Additiqnally,
because a substantial amount of force must be
applied to the hardened concrete in order to break
it apart (by éxplosion 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 6pen'envircnment, 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.



of the inherent strength of hardened concrete, : mechani cal breakage
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PCT/ US89/ 12359 The present 1nvent10n stems from extensive
experlmentation in which mxcrowave radiation energy (
was used to remove hardened concrete from the closed
envzronment of a metal container. The
experlmentatzon_revealed that qene:spioﬁ of
15 microwave energy into a metalzconteiner is an
extremely effective-and efficienfzway.to separate
concrete from_the_inner walls of-the_contaiher-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 tunee-to the natural fesqnant-rrequency
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 vapof.
_ It has been found that operation of the
30 microwave energy generatioh 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
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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
voldme) was removed from a commercial cement truck

35 container. Approximately one cubic foot of the
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to caus‘§ t?lz,’s%gncrete to becone brittle and crack. PCTOSAY YN eas, >
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SUMMARY OF THE INVENTION
It is therefore an object .of the present
invention to provide an apparatus'fér:mixing
15 concrete that is adapted to facilitate removal of
hardened concrete therefrom. Thg'abparétus'includes
~a metal container and a microwave énefgy generation
device. The metal container is adapted to contain
concrete to enable concrete pladed therein to_bé
20 mixed or agitated, the container having inner walls
to which the concrete may adhere when the cbhcrete
hardens. The microwave energy generation device _
generates microwave ‘radiation energy into thé metal
. container and is capable of liberatiné water
25 molecules from the concrete placed in the container
so as tc weaken the chemical structure of the
concrete to thereby facilitate breakage of the
hardened cdncrete-and removal of thé'conc:éte from
the container. ' o
30 It is a further Object'othhé'preSent
invention to provide a microwave energy Qeneration
device used to facilitate removal of'cdncrete from a
metal container utilized in mixing concrete. The
microwave energy generation device includes a rigid
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It is therefore astmigante 0bf ttite ptoseréte. 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 eontainer so as to
weaken the chemical structure of the concfete;
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 descr1ption.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 is a schematic view, partly in
section, showing a cement truck incorporatinq 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



i nvention to provi de an apparatus for m xing 15 concrete that is

adapted to facilitate renoval of har dened concrete therefrom The
appar atwe smedondes a netal container and a m cr owR€EUSA% 123§
generation device. The netal container is adapted to contain
concrete to enable concrete placed therein to be 20 m xed or agitated,
the container having inner walls to which the concrete nmay adhere
when the concrete har dens.. The ni crowave energy generation device
generates m crowave radi ation energy i to the netal container and is
capabl e of liberating water 25 cules fromthe concrete placed in

t he cont ai ne

\é@,@k f the
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PCT/ US95/ 12332 the present invention. _ 7 . base adapted
bne i Crovave enor gy PICORE 8. ds. & persnactiim et SIS Bhoe. The
m cr owave eneagyfgcndratming heated adrcaitil digh water wppuwarating
mcrovave ragphatbfR BREWArd1Y 2roff i Hetal mixing-ccntainer in
10 accordance with the principles of_the:present
invention. _ . ‘
FIGURE 5 .is a plan view showing the main
opening of the metal mixingeccntainer'cf the present
invention. __'
15 ) FIGURE s'is a plan view showing one side
of the microwave energy generatlon device
manufactured in accordance with the principles of
'the present invention.
FIGURE 7 is a block dxagram shcwing the
20 system used to cperate the apparatus of the present
1nvention. :
FIGURE 8 is a perspective view showing
another empodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
25 ' For convenience, the present invention is
shown and described as it applies specifically to
the type of metal mixing-container which is
rctatebly mounted on a cement truck. It is.
understccd, however, that the preSent_invention has
30 applications in other types of metal,mixing-_
containers for mixing concrete. :
Shown qenerally in FIGURE 1 is a cement
truck 10, which incorporates a metallic mixing-
container 12 in accordance with the principles of
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PCT/ USO5/ #8359 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



8 generation device and the netal container of'the © present

I nventi on. FIGURE 3 is a perspective view, with

certain wordsi1?$e renoved to better reveal others, of 5 perausdghsss

structure in accordance with the principles of the present
~invention. FIGURE 4 is a perspective view showi ng a

fan for drawing heated air with high water vapor content outwardly

fromthe nmetal m xing-container in 10 accordance with the principles of

t he present i nventi on. FIGURE 5 is a plan view

show ng the main openi ng of the ®®tal m xi ng-container of the

present I nvention. 15 FIGURE 6 is a plan view show ng

one side gengration,isousRe dauntied) Jetdathage dein FIGURE 2,
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EBCDI MENT 25 convenlen e, resent’ |nvent|on IS
shown and desSPPHBJiks Ils%p'e?":,dpé’a ’1]3)' descriheqd iR pe of netal:
m Xi ng- contalgeeaWbrcHemail 1aternotatab|y nounted on a cenent truck. It
S under st ood, Hé%yﬁ r.ese VI has 30
applications in ot her t es o%g me‘taﬂts'h(?MJO a‘i% Q:tonh& d]{i} ners for m xi ng
concr et e. avallable, and each utilizes power in the 0.5-1

10 kilowatt range. Preferably, anywhere between

fifteen to forty l-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
enerqgy generatiph 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 béilinq-point of water, would
provide an appropriate method for fracturing“thé
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



Shown generally in FIGURE 1 is a cenent truck 10, which incorporates

a netallic nvgsb&grsoo container 12 in accordance w th thepprusssipises of
WD 96/ 17500 . . PCT/ US95/ 12359

9 the present invention. The netal container .12 has a

forward end 14 thereof rotatably nounted 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 torqu%iof apparatus 16.

The container 12 i l.ars, .a the r\War tjon 18

t hereof has a nmj g%t}%% éfgmjﬁl&&&&ﬁﬁoyﬁvﬁdi%ﬁgﬁé%éig% openi ng
22 is def i e By mairmheusing [3hge The hisiag B8 hausesd end
14 is typically preatgiibidd lugded it8 |qEndid the _microwaswfér@q@?.ng s
closed off by its |nt?{face W h(ﬁt{{]}, . rotat, ra%%oggaratus 16. 15

It can be appreci &A%FAGY 193 ifffemain housings e FIPERL e a
concrete sl &ry, doy anouter sunfapecditerdss,the rsgsipkmisen 32 dyed therein

t hr ough opeyy X | 244 10 £ 0Nt .S I Vi a
t he apparatus 16, eaerﬁ:{lg: na atr?xﬁgr%gtﬁér%sgg‘gc'm ﬁﬁ%b%da%agl tate tl:hde
concrete. The mi ShPUahLERnings i de rigid hase 32, RASt an fiqnens of

the container 12, sijtface 44 oXtiel rirflid/dasd ,Nwaidl Mhtic tthd orfEies ner 12
toward the axis of,d Qhal i Qheained "I i L Verdt ¥ibure 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 pgripheral
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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i nes. 25 In FIGURE 2, the interface between the net al

container 12 and a m crowave energy generation devi ce, generally
indicatqg %&rﬁﬁo i s shown. The m crowave ener gy generatlon device 30 ,
i ncl udes' g rigid base 32, nade froma netallic mat EFFES¥IREH as 30
alum num and has a plate-like, circular configuration. The base 32
functions as a cover that closes off the nmajor opening 22 in the

cont ai ner. The m crowave energy generation device 30 35

al so includes at |east one m crowave energy - WD 96/ 17500

PCT/ US95/ 12359 _ _ 12 10 generation
source nounted on the base. In FI GURE 2, the m crowave energy

gener ati on sowaseliessi thame 1 milli-watt glera centinletiey euaredetrons 34.
The m crowave /c eﬂergy generation device 30 also includes circuitry 5
oper abl y connécteg the magnetrons 34, as is ° shown in FI GURE 7,
and which will be descrﬁﬂé@ provided qgtuﬁﬁa-t@st&pmtaamer flange

The magnet L ong434nar eneommla@ |s¥1rface 4661‘6@' el Basd)d agach UL ilizes
Tt cenBto ToPPPERck: FOREPF S BoRTES, LTty o betveen
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. 1In 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 openlngs 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



a total of 15-40 kilowatts of power. It is understood that, as nore

pover is Usfgslegifagy ti Me required to evaporate a predeseErpsosastsanount
of 15 wat er decreases. It is also understood that a single

M crowave energy generation source can be used. For exanple, it is
possible to use a single magnet ron of approximately 20 kil owatts.
Wiile a single magnetron with | ess power can al so be used, 20

the anmount of tinme required to |iberate the required amount of water
will be longer than the tine consi det ed desirable for comerci al

application shoul d be _noted .t ther types of owave
ener gy generatloﬁh§8399e§pggﬁnﬁé%§Se8ft§ﬁbﬁt g |ﬁg%h§v

t ubes, klystronsmisrowdvesaare reflec&qﬂ Mhmenm,thndcomﬁenss offr ¢her abl vy,
the mocrowave — gnio1d°ReLal isiins QlchRrss %%dmt;erwa%gna@t frequency

of the water nolecul e, whi'ch I s approxi mate However

excitation of an?eﬁéFééﬁﬁaPeﬁﬁuse 1€0ﬁﬁGHEﬁF t?&bﬁipﬁaﬂntﬁglﬁblEheﬂhcrete
risesdin 5 hﬁunetahurenhetenébthtbhd lbiyn grajteirn inodlecudiesr inwoul d-
provide an appro r.tr e : C e\ t hout
using a water %%tgpé%%%ﬁeﬁ 15 ol E@9a5ﬁ creXsesio %qﬁﬁﬁhFl 2,
each of the 35 com§gnaarbns 34 mounted on rigid base 32 includes an

WO 96/ 17500 ' It can be appreczated t'RgE/ H\‘EWLE&%@
11 antenng 36 from whi ch nicrowave e% %g q and a
Tin housing 36, BAGEONGYE eResYhgensration devite ith 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



conponents used to generate the m crowave energy. As shown, each of
the main housings 38 are secured 5 to an outer surface 40 of the rigid
base 32 W096/17500 appropriate fasteners 42. The antennas 38CERSEsILE3s9

t hrough openings in the rigid base 32, past an inner . surface 44 of
the rigid base, and into the confines of the container. Omtted from
FI GURE 2, for 10 clarity, are electrical cables and cooling fans for

t he magnetrons. The annul ar flange 24 of container 12
engages an annul ar peri pheral surface 46 of the rigid base 32, when

" the base 32 is nounted over the 15 opéning in the container 12.

Fast eners 48 exg ough the f t hr ough o enlngs 45 in
t he base %ﬂqg%lzr%ﬁnpé?ggt?ﬁ?l?pgﬁg’g%db?%%ﬁ’ﬁﬂgnt n secur e

t he base 32 to enkodinent ef Higufns@bseMerethroughuveammtﬂo:fIange 24 and
annul ar surface;eo&em@@ #neta) P0UL Hox FEP 20ine U0 TNepgeal ant 50 i's

preferably in formof a gasket’, lic resin. In
addition to, or® %ﬁﬁi?ﬂe eﬂﬂYSEP %ﬁF%xf%ﬁmo? °°rru9a§%§Iant 52 can

be provi ded. Sfa)‘mm:muf,l QURE Wave a aiamﬁmf %p&*miﬁélfrot%Of :
metallic tape t ] n nd rigid base 32.
The . prof/tlt sfc?r?%fsfeseu%h ;K]egﬁan S |s SI rég gfn%r ’d%’? ?‘g“

prevent | eakag@Q, AUSHARR A rRkuzal kY i of gnagnretrons, is\provided.

During one sevefimafely Srdw%hd ovdr. THE GiLMFMfavEdndfGy Vas nmeasured
at the interfacg of t he annul ar 24 with the annular
peri pher al generation dgyvige may r?lgﬁ?iagg@é‘@ hex 212

netal | i a0t ape \oars ersxldsues iyl mimrpStHErmct&mhve enerﬁ i@steners to.

peripherally S%ﬁ&a@& Iyl éhe)%ieczsoivave e?i‘?ertfyt heeneazpa “io""é s 3098, 24 The{

measured | eak
. 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 per;pherally sealed at both
ends 208 and 210 so that microwave energy oannot
escape into the environment. _This oonfiguration 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 thatﬂare connected with each
magnetron (or other miorowave 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.

-
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12 W96/1880 than 1 mlli-watt per centineter squared PCT/US9S/1359

mN cnR) . Al so provi ded between the container flange

24 and the annul ar surface 46 of the base, are 5 © contact sensors 56
nmounted at circunferentially spaced positions on annul ar surface 46.
The cont act sensors 56 are connected with the circuitry shown in
FIGURE 7, and are operable to detect whether the annul ar surface 46
is in proper circunferential 10 engageﬁ?nt wi th the annul ar flange 24.

ensure that i or VBN SRERYR MOLEY i pRughE P ol I A0
As al so shown in EthBUREQJ,e Helvell £an 582 ake aspirape ovatex vapenaffema user

to easily place te contalﬁafrww&@aewywséﬁ@éa%amw 30 over the
opening in the caontajiner_ 12. this re preferable for

it Is -
fasteners 48 to H&a{%ﬁﬂ?‘%e‘:%@f%?e by tgevN‘EIFPV%Y&l?P%ﬂh IREFALAP base
32 at all tsnes, d?é)uce. arrthehpIdte amd heaydse | youhted asiver tan tdpervisyi ngs

in flange : tive
shield 60 manu tt‘Jer ec ?%alé%ec%r%%welémﬂt# %mgliri %NP&%&

the present inverk® (#F‘ahﬂ‘ft indiyidwnls cleaning the °°n?§HPﬁ¢I¥§JRE’2 f or
the sake of convesifmeintd tthé containé¥ ef 2 ablgen othd f‘@orw@iﬁﬁlw shield

60 to be unt ed, on the i nner surface 44 of
She orotective shbiipes Yambe fBREretl, ¢ pldvs sinfide 4d' il
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 freguency
'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



mounted directly over the antenna 36 in order to 30 reduce the

| i kel i hood of expl oding concrete fragnments frominpacting the

ant enna g8 96/11580 protective shield 60 is formed fropcauses/essd c
material, and also functions to provide an i npedance match for the
antenna to free space. The shield 60 35 -functions also to disperse the
m crowave energy WO 96/ 17500

PCT/ US95/ 12359 13 t hr ough
opening 66, after at |east a portion of m crowaves are reflected
Wi thin the confines of the shi el gt 0 Such dlsper5|on of m cr owaves
S desir h will find
and be absorbegmbreea% J&uﬁe%tﬁé Ptﬁé E;%F##e%@ 7%& ed |n corners and

crevices mnthM@dﬂﬁily lnwanﬁﬂxutnwards the axis of rotatiem o€ appreciat ed

that providingre contaiHer 0N I8 Hatie e Rtddutélavinga Wi th a plate-like

10 base is referrpq nstrj ctlon The_ are othe constructions
which are al sglfg\?zl’rﬁea' \ st% - Thigfietange My J T ARRRMR gy

gener at i5on de\bycelasned lines rim \REESURE e amd repregentss sthaict ure having

an open mpeolVIgy have, for
exanpl e, apcy:r:ggl&rl cgt ‘ﬁﬂﬁ% %Qg 191 ;#{ﬁ&l;dr ;%yleon Agénﬁl ndr:/cal
nmounting stru®dges o 1“§Miﬁ%j|?“ﬁlﬁﬁ§ I%&Rﬂaﬁﬂ)tﬁ?ﬁ?eﬁﬂﬂﬁ%losed of f

end, amﬂxe)manmma:d cchimidisblwer the container 12
opent ng. The magnetrons F‘ﬁﬁﬁ: té‘%’& *%P ﬂﬂwtv%tv?%f 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
approprlate c1rcuitry, 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 elso shown in FIGURE
6, vent holes 84 are provzded.atlspaced locations
through the rigid base 32. These vent holes permit
outsxde air to enter the conflnes of the container
20 12 as air with hxgh water vapor content is exhausted
through vent holes 78 in the plate 74. The vent
~ holes 84 provide cross-ventilation through the
contalner 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 descrlbed
30 hereinbefore with respect to openings 78 in plate
74. | |
As can also be dlscerned 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



20 the exterior of the cylindrical encasing, wth the .ant ennas

projecting wowsrndse i nto the confines of t he encased ®0TAIS9BY2359
provi di ng such a configuration, nore nmounting surface area is
provided so that nore nagnetrons can be used. In 25, ot her words, since
t he surface area of an encasing structure is Iarger than a

pl ate-1i ke base, nore magnetrons can be nounted, thereby enabling
nor e m crowave energy to be generated. This expedltes t he

| i beration of water nolecul es fron1concreté7 30 | n anot her

configuration, as _shown ,n ure 8 t romave enerat|on device
i ncl udes a qgiﬂﬁ ) t)#%ﬂmt?ﬂf pdﬂﬁh QQﬂ?&
cover may be S|mﬁerennbeﬂqpeitnhzaéircie ﬁuﬁﬂeduﬁy the 1nd§ﬂﬂhdqqs

magnet r ons nount t he. ....c'v r il - i ded
wi th one or more ﬁ"x{ %%é{%@o@é rv CQE srdh in | rRGHE @)
PCT/ US95/ 12359 The posxtlonlng of magnetrons 34 1n tiyis fash;oqmenlngs

202 (only @ne opeiidieduddidine rddifired for ipyEidn ¢ Fi gure 8)
t her et hrough, each fo eX|Qﬁﬁ] ube 204. For

ecei vi.ng a netal
exanpl e, the tubé“rﬁﬁp"f%v%atémﬁ%fﬁ }t% and have a
di anet er of appnnanﬂﬁxngrtta)faCilltatﬁflihe#anion of mMaremave ener gy

generati on sour Cgolecules ¥rom Wdhdfatie Rud@dddy of magnetrons, is
provi ded renmotely fr%p1the cover.. _The, nlcrow%.e ener
own in FIGURE 7 is the rcultréiformlng

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 cboling 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 sw1tch 102



generation device may al so include a nobile box 212 10 or encl osure
into which the m crowave energy is generated by the m crowave energy
gener at i OWO96/17500 . In any event, the mcrowave ener @cresoguided from |
the renote generation source by the netallic flexible tube 204 into
the confines of the 15 container. The tube is peripherally seal ed at
bot h ends 208 and 210 so that m crowave energy cannot escape
into the environment. This configuration is advant ageous because no -
magnetrons are nounted on t he covgé, and as a result, the weight of
the unit 20 whi ch is nmounted over the™Contai ner openlng I S

greatly reducegy, é}d b %ﬂt‘dﬁﬂﬂbdt r?ncix’i& endex‘?@dsm.tc Lrical cables

that are connect. et ron cromave
generation soulx9vigdgd for ea%ﬂa@ﬁﬁ?ﬁ%@%ﬂ nﬁ? %é%ﬁbee As a result, the
25 appar at uﬁmdmmmc&m:eawﬂ, fwhemdtlye same mcrowave Fl GURE 4

illustrates a \f t 0 The
ventilation dev?‘lcgerkJyad ) | S - a ‘fllo?/\?’] &?n@f%\%i f{"?%’é}'mtz is

cont ai ne® to e sRemantia) 1 i eredion c@fim%ﬁb@‘la&’im manynd a 30
rigid nmetal pl @i@f%en@%dﬂﬁﬁﬂr‘s '&fs&ﬁﬂféﬁleﬁl‘!eé:.zes. wehogening in the

side of the COIY dfudd cona tn@f P! PRUAE) Sod BhSREbaia 20, o0 2"
bet ween t he outrilsize awxremidrowars armaMtenéng)BSthan sxtb apeni ng
R oy kit s, 10 90 1TSS
Wwith respect to the manner in which the
mlcrowave energy generation device is secured to the ‘
contalner, fasteners other than the bolts disclosed
' can be used. For example, the aforementioned
C-shaped clamps may be used to clamp the per;pheral
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 rzgld base
25 according to the size and shape of the openlng 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 drawxngs and
foregoing descrzptlon, the same is to be consldered
~as illustrative and not limxtinq.;n character. It
is to be understood that the preferred embodiment
has been shown and described and that all changes



15 Ventilation holes 78 extend through the plate 74, d
enabl e t heW@9s/I7800 0 aspirate water vapor from t he co?ﬁﬂ???é?zgg
water is liberated fromthe har dened concrete by the m crowave
eénergy generation 5 device. The plate 74 may be nounted over an

openi ng within the container 12 which is normally provided to
enabl e i ndividuals cleaning the container 12 to climb into the
contai ner 12. Wen the contai ner 12 1ds used to mx concrete, a plate
simlar to plate 10 74, but w thout ventilation holes, covers the side
opening in the cendamndifications that come| witbipr ther spizitomndent hol es
78 in the sEBEEeo%4th§ Q§p§HBEHCb§EEh¥ ape! ko B8 pPBtected. _
m crowaves are not permtted t0 escape therethrough. 15 For exanple, it
is preferred that such openings be | ess than 1/4" in dianeter for a
m crowave frequency of 2450 nHz, since mcrowaves of this frequency
have a wavel ength of sufficient length, that they wll _ not be
permtted to traverse holes of this size. 20 Cont act sensors
75 are preferably provided at spaced | ocations between the :
peri pheral 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
provi de an appropriate i ndi cati on when proper peripheral contact

bet ween 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 mcrowave 30 | eakage between the plate 74 and container

12. ~ FIGURE 5 is a plan view show ng 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,

whi ch serve to receive 35 the fasteners 48 shown in FIGURE 2. As can

al so be
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i nwar dl y WO#d7880 t he axis of rotation of
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ppreciated fromFIGURE 5, the fins 26 extend - radially

t he cont ai PET/VSHENA3S59

term nate a predeterm ned distance "r" therefrom This distance "r"
Is showmn 5

radius of a circle generally defined by the inner

by dashed lines in FIGJRE 5, and represents the

The dashed line "D

W ring

appropriate
magnet r ons.

FI GURE

t hrough t he rtfrtﬁ’fneﬁ%’

I Ly connecting the nagnetrons wth
ed air cooling fans

edges of fins 26.
represents t he dianeter of

FIGURE 6 is a plan view of the m crowa né ener @ﬂ“ Mdﬂl ﬂlce 30

show ng outer surface 40, and I'n hou5|ngs 3

for cooling the

The ant ennab- 36 Afcembination offatcencretetrivings are
represent ed lﬁbﬁdm&@rand devida@shes rém6eing AR ed coérét&o shown in

oles 84 are provided at spaced | ocati ons
§% Ftnt hol es permt out si de

air to

enter the confines of tdhcmetalatontager adgpted worcomtaimi gh water vapor

cont ent
vent

is e

Hisiéxe, said ﬁé‘é&l‘%‘oﬂ@&in@?'ﬁ&vfﬁq {hﬁ&? \Pif‘ié 4.

-ventilation_thtrou

The
cont ai ner

holes 84 rOVI r
and expedi t e AL Nk ’E'f?‘?va ins °°“ne°WeE%I%€1%r R ced fromthe

cont ai ner by vimgz.sa”.ﬁi intétnal wpiringabinsfextendindofeom8daid the rigid

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.

-



pfate 32 to be sufficiently small so that m crowaves are not

permtted Qo688 t her et hrough. For exanpl e, it ispefplaihed for
such openi ngs tg%@? | ess than 1/4" in dianeter, as described 30

herei nbefore with respect to openings 78 in plate

As can al so be discerned fromFIGURE 6, it for the
‘maj ority of the magnetrons 34 to be concentrat ”Z"EM@UHH Iﬁnter
of the rigid 35 base 32, so that t he antennas 36 a¥
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17 radius "r" fromthe center of the base. As_ noted .
herei nbefore, the circle fdrmedThe Gabindgiaydesording &t qlaia 25

defines radi us "kher@inslzasd iat AleddtE dne mlcrowa'ﬂiﬁ diﬁi:igyi oni ng of

magnetrons 34 in _thi n r $ ¢ d for

di spersion of . gene %tg'?%\/v%\?élgﬁ ng;nga‘?it earl\%%rg‘ poret tcﬁ‘e :
cont ai ner to facmounted lorh&edd arigdd Jase. nDIecuIes fron1concrete
t her eat . Shown in FIGURE 7 is the circuitry formng 10
part of the m crowave energy generation ,devi,ce of the present

i nvention. The circuitry i %’CI uddde; compination ggeorgding, e Suppl y

90. The voltage shereind@ach sazdpmmgntﬂrqnnmncﬂhﬂasIan(annennaampamatus
i ncl udi ng whien' 82 Hcit/¥e Cherthofis @g;i%%/af 3 Furkher

transfornmer 92, magnetraons contact se
comprlsing 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.

S. The combination according to claim 4,
wherein saiad 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 metalllc
material, said base having an inner surface facing
inwardly into the confines of said container and an
opposite surface facing outwérdly 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.



contact sensors 75, a fan 94 for cooling the transfornmer 92,

fan 93 for cooling the magnetrons. Thermal . cutouts 95 are u

prot ect wo9g/175dohe magnetrons and transforners.
i ncludes a capacitor 96 and di ode 98. The di ode, capaci tor,

and a
sed to

The ci r cui gdyusdshiesss0

and .

hi gh vol tage transfornmer function to provi de efectrical—energy to
t he magnetrons 34, whi ch convert the el ectri romave
ener gy. An on/off switch 102 is connected with a E" ﬁﬁ#ﬂjum and :
controls the operation of the m cr owave ene

| ndi cat or

functioni ng and/ or statu; of

contact sensors 56, and conté% e3ﬁo lnighgﬁraéﬁprdﬁ%ﬁ %ﬁa

lights 106 are provideazto indicate t he proper

etrons traﬁiforner
e gy

|ce 30.

s 92,
ch

I ndi cat or I|gﬂWhan§Eh said metghtconthiner ovmphisepoarransubarng provi ded

to eache 65% t ensors is
maki ng proper contact mnt% MQS%%%%t 1&5 Eﬂ@i&fﬁ ohha Whﬁre%ﬁls to
contact. It capid SHipkd opse %5p?%c4%ﬁ%&?¥tﬁﬁrQWﬁ9e°%h$§r%ﬁE°6n/off
switch 102 and\ﬂiﬁﬁﬁdEEOGQ engage said flange when said base is

PCT/ US95/ 1235 18 may be

provi ded, an %mﬂgggﬁ%éﬁTe%vﬁ?%gt?Efnfpg' provided for each magnetron.

This may be

beneficial, for exanple, when the same m crowav

energy generation devicegof tﬂ%%&&@ﬁatwﬁrﬁééﬁkdﬁng&o clafmbe,
sequentlallyuff;ur in co unction

er co pr sing %%stenerg for fastening said
rigid base to said flange of sald contaxner with
said annular surface of said rlgid base disposed in
contact with said flange.

9. The combination agdording to clainm 8,

further comprising a sealant_diqused at a junction

between said annular surface of said rigid base and
said flahge of said container tonprevent'microwave
energy from escaping said container through said
junction. '

10. The combination accb:ding_to-claim 9,
wherein said sealant comprises at'least one of a
metallic resih and a metallic Qasket disposed
between said annular surface and said flange.

11. The combination accerding to claim 9,

wherein said sealant comprises hetal;icmtape.

12. The combination according to claim 9,
further comprising contact sensbrs'disposed at
circumferentially spaced posztzons on said annular
surface, said contact sensors belnq operable to
detect whether said annular surface is in
circumferential engagement with said annular flange.

e



different containers of different sizes. Wth a | ar ger sized

contai ner, iwoamn7émw preferable to. utilize nmore m cr owaCE/Usasiizass on
energy than with a smal | er container. 10 ~____~__‘yllh_respect
to the manner in which the .. m crowave energy generation device i5S
secured to the contai ner, fasteners other than _
can be used. For exanple, the aforenentioned Cﬂmndﬂ!ﬁ,mumy be
used to clanp the peripheral 15 outer portion of the rqgi ase

the flange 24. Use of this type of cR&np may facilitate the ability
to adapt the m crowave ener eneration devige to contaj ners_havin
flanges 24 of different dlag gréghe combination acceyging to claim 9, °

prem Xi ng- cont ai nametq.tn csaidg &mml&ﬁ surfacenjordigposed) dthan iouter
rectangul ar in sh égg&y of s ifd neral ly larger that the opening
er ruc

in a cont ai cenmen € m crowave generation
devi ce can be easily adapted by custom zing the size and shape of the
rigid base 25 according i, thﬁ\é'é&uﬁ%ﬁf@@%@éoﬁdﬂﬁn@p@éﬂdﬂ&m%

which it is to be ED qbed The, t g ﬁ 1 tQ; m cr owave
generation device T¥ T ?ﬁ%ﬁlsmg at 552t her % BARS %n‘&?‘f'é e

m Xi ng- cont ai ner. said opposite surf#¢ée the invention has been illustrated
30 and described in detail in the draw ngs and f or egoi ng
description, the sane is to be considered as ill stratlve and_not
limting in character. It 13- %et%PBE1G%Hb9%t§EEP¥ gt kR ¢ ed
embodi ment H\RStREE 'conpis g alesTeadedonadvéneil@tion hep@eing

WD 96/ 17500 UsS95 2359

in at least one of said container ané said rigiad
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, whereln said diameter of said openings is less
that 1/4".
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and nodifications that cone within the spirit and

the appended clains are to be protected. WO 96/ 17500

PCT/ US9Svd 2625300 20 M Tsgsfi2ss0Al VED
1. A conbination of a concrete m xing ~ contai ner_and

| S
devi ce for

renovi ng hardened concrete therefro

scope of

a netal container adapted to contain concrete; said L
having i nner walls and internal mxing fins conneH‘ mmr
wal I's, said internal mxing fins extending from said walsl S *

inwardly into said container for mxing4
W thin said container

and

m crowave radi ati0

d_. netal tal ner_and, bei bl
of 11 ber at | ndbanel BAEFSARAR 28 T904F ot VORI R R BB o

*

or agitating concrete placed
said inner walls and said m xing fins being prone

to concrete rigidl Y1edhéfhacomeirationmaceordingrceectaim  har dens;

15, wheré i WHAE SOREMN&LCombr Dhedcy i FémdPible 0J€Nerating

cont ai ner so Gispasead dherein, drdivherein usaidefah is mounted on

said removable panel of said container for forcing
said water molecules through said at'least.ohe
opening in said removable panel and outwafdly from
said container.

20. The combination according to claim
19, wherein a sealant is disposed between a _
periphé:al portion of said removable panel and the
exterior surface of said contaiher~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 predetefmined distance from
said axis, said at least one magnetron mounted on
said rigid base being pbsitioned: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.

>



said concrete to thereby facilitate breakage of said har dened concrete
rigidly adwoesd7se sai d i nner wal | s and said m xi ng fi nPcInsIshzase

renpval of said concrete from sai d. cont ai ner. —_— 2. The
conbi nati on according to claim1, wherein said microwave energy

generation device conpri ses: a rlgldlﬁ"ﬂﬂ,
nount ed -over an opening in said netal container 'ﬂ"'ﬂ?’rgm"kast
one m crowave energy generation sourc gnnnned on sai d®base;*

circuitry operably connected with said at | east one m crowave energy

generation source to ea@bleraeléoablhseibnoaecskaiﬂaaﬁs emsaay
generati on gurce to generate m cr Qwave energg /17500
PCT/ US95/ 12359 where saild container comprises a rearward 3
The conbi nati on epeningndisposkdi at2a positibar eppositd sailicepening

m crowave energyover WEQEﬁrgaianr§8EECSa§8”EE'ﬁ8§?23d|e%%id gsaQBQPStrO”

nounted on said I'On accordi ng
to claim 3, °Rﬁ§i§9na€aﬁﬁe§aﬁe kegRéreed PAE| bed BATEBACBNAE from

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 1nto 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 geheration 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



whi ch said m crowave energy is emtted, and further conprising a
protective shield for protecting said antenna from concrete fra ment s
Wit hi n. sal¥@ 21750041t ai ner whi ch may be projected toward sad

as a result of the weakening of the chem cal structure of said
concrete. 5. The conbination according to claim4,

wherein said protective shield is forned from net aunlmmmamllmuuons to
di sperse said mcrowave energy as it is emtt nna.

6. The conbi nation according to claim 6 wher &i n®sai d i gi d*base has
a plate-like - configuration and is formed froma netallic

materi al , sai depabdehsaidgagn leass ongr misrowasiengnergy igemerditicdmt o t he
confines of saggugegt%bnggnggqtgnmicrowgggpgh@%giurface faci ng outwardly
fromsaid cont ai ner “when sai d base i s nountéd over the opening in
said container, and wher ei n each sai‘d magnetron conprises a
mai n housi ng mount ed on 2B oppmactcwauefemerg& gamdrationbas&iccnd an

ant enna extendaegoiamsebdc&am 24, WM RNOURIEN AU 4 ER 1 S21

base so as to sur ce 1L.hto Sal al ner

when said r|g|§°5§sef|§ ﬂﬁﬁﬁ#&écoﬂl§§@d eaﬁpaamgfwherein sﬂé596¢17500

PCT/ US95/ 123591 east 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; . o

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

removzng 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.



22 7. The conbination according to claim 2, wherein
sai d netal contalner conprises an annul ar fl ange surround] 3]
openi ng t he™R W17 wherein said rigid base has an ann[h%%r‘#:’g%e

constructed and arranged. to engage said flange when—said-base is
nount ed over said opening. 8. The conbi nation according

to claim7, further conprising fasteners for fastﬁﬂ““ﬂJ gld
base to said flange of said container with said a lﬂﬂlm”m””nl
said rigid base disposed in contact wefh said flange

9. The conbination accordln to claimS8, further conprising a seal ant
di sposed at a junction 29et WRcPRERPY 2@PETAENG EP seab? 26id rigi d base
and sai d fl| an96r&in soaild CRAF@eNEA EOnPFEYEN:s niﬁi@ﬂ@l/ﬁy adhefé&'’ 9y

f d_cont
10 Tho. conbinat | B8 SERGF AVRbLE ok ap i geontainkio end turthes) an

conpri ses at | eastompeising netalllc resin and a netallic gasket

di sposed bet ween sai d ggp, r{ 268 ﬁgfhéﬁ&

11. The conbination accordln to c g. Qg n sald sedrant

conpri ses netalll%a¥%p%nner walls as a result of the generatlng of
said microwave radlatlon 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



12. The conbi nation according to claim?9, further conprising contact
sensors di swossd7s00 circunferenti al l;y&g)aced posi ti ons poTA8YH23svUl ar
surface, said contact sensors being operabfe to detect whether said
annul ar surface is in circunferential engagenent with said annul ar
fl ange. WO 9611750 o g

N 23

PCT/ US95/ 12359 N 13.

The conbi nati on accor cl A7, rein said annul ar surface is
di sposed at an out@d Y per of( \ai g :
14. The combi nation ac | n o] ] & furthey conpriging at |east
one handl e nounted on S rface. 15. The
combi nati on accor d FjQ, f U\ Hrer—epT Lag at lleast one
ventil ation op€pi nQN I n ast e sai ¢l : said rigid
base, and a fan r forgi sal er nol §cul e ¢d fromsaid
concrete through sai | east eni ng fromsaid
cont ai ner. o0 6. Rre conbi nd¢ i of gjicl ai m

N .

\
— \

12

70




15, further conprising at | east one cross- ventil ati on opening

di sposed in Jkﬁ?s% one of said con';?g ,ng] and said ri giﬂcﬂ?@asn%sga
. ¢ . i hrTPS

pesi tion space fromsaid at |east o i lation openi

provi de cross-ventilation facilitating said fan in forcing said water
nol ecul es from said contai ner through said at | east one yentilation
openi ng. 17. The conbi nati "accordl ng | 16,
wherein said at |east one ventilation openi hef a e ©one
cross-ventilation opening have 38 el ¢ .- a di¢dnet er that
woul d permit m cropaye 4®rg ' SOR Aer

t her et hr ough. A TS ),esgai m

17, wherein sal d csgnaﬁﬁ oD M th 1/5!0. ale

p 96/17500 == M} | .,ﬁq|lﬁ e Y TR
24 d : e —.Ib 'A'f'ﬂca‘./‘,ﬁ;_:uij i 'rlul..ﬂ _w”{ , e el n
sai d contai ner ¢Qumpr HPHaSt one
ventilation opeg g @KWE‘B‘("}E ,&u.m_m\\--- s dbtnt ed
on -

52
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sai d renovabl e panel of said container fgr fQrcing sai d wat.er

nol ecul es B‘P ggﬁ;goﬁai d at | east one oPperi ng i n said renmyaosssripssac!
and out war 9 rom sai d contai ner. 20. The

¢onbi nation according to claim 19, wherein a sealant is disposed

bet ween a peri pheral portion of said renovable panel and the

exterior surface of said container to prohibit escape of m crowave
energy from said contai ner. 21. The conbi nati on accordi ng
to claim3, wherein said container.ls adapted to be r¢ ably

mount ed on a truck, wherein an_a”
general |y passes through a g€
cont ai ner, and wher et
inwardly fromsaid inng
conbi nati on- accor di ng
term nate at

said axis, said at
bei ng positioned g
than or equal to
base i s nount ed
m crowave ener gy,
subst anti al

sai d




. WD 96/ 17500 PCT/ US95/ 2359 -
25 23. The conbi nation according to cl ai mPCT/US9S/12359
wher ei n sWa63M0ai ner conprises a rearward openi ng di sposed at a
iposition opposite said opening oer/ @ich said rigid base i s nounted,
said rearward openi ng adapted to be closed off by a portion of
said truck on which said container is nounted. 24. A
m crowave energy generation device used to facilitate renoval of
concrete froma netal m xi ng cont ai ner having an openi ng, said
m cr owave energy generation devi cggeonpri sing: a cover
havi ng an outer periphery |arger t1ra] t he opening in the netal m xing
contai ner to enabl e the cover 40 0S@ salrad~epeping in said
cont ai ner, said cover having g east one Upening . \oer et hr ough;
a netal enclosure di sposed g€notely from sai d cover;
at | east one mcrowave epé€rgy generation source contain®d within said
nmet al encl osure renote, fromsaid cover and adapted to gend(g %4
m crowave radi atjfon energy into the nBtal enclosure; ,
at |l east one conduitfproviding 4 comuni cati on between sagiAgf net\l
encl osure renote " fromsaid cover and said at | eastethe openi ng\in
said cover for trghsmtting ncrowa pal ener gy ggneratey by
said at | east ong m crowave s source thrpugh saiy at
| east one gpbening in said covy et al contAiner - 4%)
as to |ibera®® yater mol geul es fr S '

40



toncrete within the netal container and thereby weaken the chem cal

structure of said hardend concrete; and circuitr
operably cowoeas@80owi t h sai d at | east one m crowave ené’f:d'wsaﬂ}?égat i on
source to WD 96/ 17500 5/6

PCT/ US95/ 12359 26 enabl e said at

| east one m crowave -energy generation source to generate m crowave
ener gy. 25. A microwave energy generation device

according to claim 24, wherei n<gad yer is in the formof a netallic

pl ate, and, and wherein-said aff | pastypne conduf Tt 15 NRde fur)cm

al um num 26 t hof of@y enovi ng har denefd ~ concrele
froma netal container ed fpr pxing concrete corrprl 51 ng
covering an opening|in id QO Ycdntainer; ng
m crowave radiation [eERrgy pyn <Lshi 4 retal cont a|<n23r tp Iiberaf-%gla er
mol ecul es fromisagt d hgpyopne cehcfetde in said nf thal ner *__o 50
as to weaken the chgnucey structiure of fdaid har e%g D‘m;rete,ZU)
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UEcovering said opening in said netal cont ai ner; and
renovi ng sgj ned concrete fromsaid netal conta
27. A net %gggz‘;égfdi ng to claim 26, further conprisi n?@%ﬂ%’PQﬁf’ﬁg

sufficient mcrowave energy wthin $aydBcontainer to cause said

har dened concrete to weaken to the extent that it fractures

during generation of said m crowave energy. 28. A nethod
according to claim 26, further conprising nechanically breaking said
weakened concrete after uncovering said opening in sai d netal

cont ai ner. WD 96/ 17500

PCT/ US95/ 12359 2
nmet hod according to clai m2e weyrei n said hagt N§
initially adhered fNsai d co [
conpri sing e ATy l' ardeed cA

Py
Y, \

of the generatii
cont ai ner.

inner walls as a rge
energy into the

N
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30. A nethod of usi ng and cl eaning a metal container used @

concrete in a PET trmkvwn:pn mm?psxwommmmn usi
&ontainer to mx at |east AR

e ba “Concrete slurr r ot t|
SS1 1ot ANTERNATIOBALARRICATIONGAISHED UNDRR, THEEA UL GOOPRAHON TREATY

CONt aJ @B intérAktioid] PatehClisdhcation 6ACT €t € S|l UT I Y1) ffernhed@d Publication NumiB@Y L | ON Womdsoo
concr ete@sﬂrg’% adhering to inner A1Yalls and said mxing fins of said

nmet al | cont'al ner and becom ng so| i dij {43ckiternatiogad Publicationddatepnal | s Gluek 1894i(06.06.96)
m xi ng—ns; TOVETTTIY anm Opem ng 11T saf d et at _
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| i berpt e wat er nol ecul es fromsaid s Unnmez,ermmn@ah te 'n E, CH,
cont a] @®Priedy Bga:t 0 weaken the chemical stf IDE, ¥, ES, FR, GB; SE)
cause| at | 8883352 por t i dReeember 18 921294 /SU} d|f| [Sagftinieiv (ggc%b(ﬁgeﬁ%‘igr
said i xi ng fins; uncpvering sai-d o?ﬁenl ng 1 n sal
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(57) Abstract

An apparatus for mixing concrete adapted to facilitate removal of hardened concrete therefrom includes a metal container (12) and a
microwave energy gencration device (30). The metal container (12) is adapted to contain concrete and to enable concrete placed therein to
be mixed or agitated by mixing fins (26), the container (12) havmg inner walls (28) to which the concrete may adhere when the concrete
| hardens. The microwave energy generation device (30) generates microwave radiation energy into the metal container (12) and is capable of
liberating water molecules from the concrete placed mﬂleconmm(u)soastoweakenﬂwchemncal structure of the concrete to thereby
facilitate breakage of the hardened concrete and removal of the concrete from the container (12).




