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Description

FIELD OF THE INVENTION

[0001] The present invention relates to analytical
chemistry techniques and instruments, and particularly
those used for analyzing the volatiles content of materi-
als. In particular, the invention relates to the use of mi-
crowave energy to drive moisture or other volatiles from
substances so that the moisture content (or in compli-
mentary fashion the solids content) can be quickly and
accurately measured.

BACKGROUND OF THE INVENTION

[0002] The analysis of the volatiles content of materials
is one of the most common types of testing carried out
on a wide variety of materials. In its most fundamental
sense, the measurement of the volatile (very often the
moisture) content of a material is usually carried out by
taking a representative sample of the material, weighing
it, drying it, and then re-weighing it after the drying proc-
ess. The difference between the starting weight and the
ending weight, when divided by the starting weight and
expressed as a percentage, is the percentage of volatile
content. The procedure is based on differential weighing
andis somewhat formally referred to as gravimetric mois-
ture determination.

[0003] As a preliminary matter, it is well-understood in
this art that the results of such differential weight analysis
can be calculated and expressed either as the percent-
age of volatiles that leave a sample, or as the percentage
of solids that remain. The manipulative steps, however,
are the same. Thus, devices of the type described herein
are often described as "moisture/solids" analyzers.
[0004] Furthermore, although the term "moisture” is
used most frequently herein, it will be understood that
the apparatus and methods disclosed and claimed herein
apply to any volatile species that can be driven from a
heated sample in a differential weighing technique.
[0005] For many years, moisture analysis of this type
has been carried out by heating the respective samples
in conventional conduction or convection-type ovens.
The process is generally time consuming for several rea-
sons. First, in order to make sure that all of the moisture
has been drivenfrom a sample, the heating and re-weigh-
ing process must be carried out several times until the
differencein dry weights are either eliminated, or so small
as to be within measurement accuracy limits. Because
conventional drying is relatively time consuming, the
need to take several repeated measurements on the
same sample is similarly time consuming.

[0006] As another factor, the analytical balances typi-
cally used to weigh the samples are usually pan-type
balances; i.e., they include a flat surface upon which the
sample (and sometimes its container) are placed and
which is in turn attached to a sensitive balancing mech-
anism. Under these circumstances, when a warm object

10

15

20

25

30

35

40

45

50

55

such as a heated sample is placed on a balance pan, the
warm object tends to set up a flow of convection air cur-
rents in the immediate vicinity. In turn, these upwardly
flowing currents tend to lift the balance pan and produce
an inaccurate reading. Generally, the more sensitive the
balance, the more likely, or the greater amount propor-
tionally by which, the reading will be in error. Thus, in
addition to the time required to conventionally heat a sam-
ple to dryness on a repeated basis, there also exists the
need to allow the sample to cool sufficiently to avoid cre-
ating convection currents in the balance. Thus, convec-
tion and conduction methods of moisture analysis tend
to be relatively time consuming.

[0007] More recently, microwave energy has been
used to help speed up the drying process. In these tech-
niques, microwaves are used to drive the moisture from
the sample rather than conventional convection or con-
duction heating. Microwaves offer several advantages in
this respect, the most direct being the fact that they heat
water or other volatiles directly, rather than by conduction
through the material itself. Stated differently, microwaves
immediately interact with the moisture in a sample and
tend to volatize it quickly. Furthermore, because micro-
waves affect only certain types of substances within a
sample (generally polar substances), they tend to heat
the overall sample less than do conventional convection
and conduction techniques. As a result, microwave heat-
ing can hasten moisture analysis by several orders of
magnitude. By way of example, different manufacturers
of microwave drying devices point out that processes that
can take as many as 16 hours for moisture analysis (e.g.,
ground beef) can be done in a conventional microwave
device in about 5 minutes. Additionally, even those ma-
terials which can be dried relatively quickly in conven-
tional ovens, can still be greatly accelerated in a micro-
wave device. For example, according to published infor-
mation, tomato paste (which has a moisture level of about
77.55%) can be dried in a conventional oven in about 1.5
hours. In contrast, it can be dried in a conventional mi-
crowave device in about 5 minutes. Other materials, such
as cheese, can be analyzed in a conventional microwave
drying device in as little as 3.5 minutes.

[0008] Accordingly, the microwave moisture analyzer
has become a widely accepted piece of apparatus in
many chemical laboratories. An exemplary version is the
Lab Wave-9000 microwave moisture/solids analyzer
from CEM Corporation, the assignee of the present in-
vention, which combines an analytical balance with its
microwave drying capability. Devices such as the Lab
Wave-9000 are also typically operated in conjunction
with microprocessors and related electronic circuits. The
processor’s operation and logic (software) enable the
moisture content to be calculated even more quickly us-
ing generally well understood relationships between
weight loss over a given period of time and the ultimate
moisture content of a given sample.

[0009] Nevertheless, the wide acceptance of micro-
wave drying devices such as the Lab Wave-9000 has
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driven further innovation and a desire to carry out drying
processes even more quickly and efficiently. According-
ly, newer types of microwave devices are appearing in
the marketplace which attempt to focus microwave en-
ergy more carefully and efficiently in an attempt to dry
materials more quickly, more accurately, and using less
power.

[0010] Some newer versions of microwave drying de-
vices tend to follow the disclosures of U.S. Patent No.
5,632,921 to Per O. Risman. The Risman patent de-
scribes a generally cylindrical microwave cavity device
in which the modes of microwave energy are carefully
controlled to give a heating effect. Based on public dis-
closures, and without attempting to speak for the respec-
tive manufacturers, the "Moistwave" system from Pro-
labo (France) and the "M2" microwave moisture/solids
analyzer from Denver Instruments (Arvada, Colorado,
USA) appear to follow the Risman patent in their use of
specifically cylindrical cavities. According to advertising
materials for both of these devices, they are able to re-
duce even the ordinary microwave drying time by a sig-
nificant fraction, for example taking drying steps that re-
quire 3, 4, or 5 minutes in a conventional microwave de-
vice, and carrying them out in about 1 or 2 minutes or
less. As set forth in the Risman '921 patent, however,
these devices operate on a very carefully selected com-
bination of limited transverse magnetic modes.

[0011] The Denver Instruments device also appears
to follow some or all of the disclosures of published In-
ternational Application WO 99/40409 corresponding to
International Application PCT/US/01866.

[0012] Accordingly, a need exists for further improve-
ment in the area of high-efficiency microwave moisture
analyzers.

[0013] Thereforeitis an object of the presentinvention
to provide a microwave volatiles (or "moisture/solids")
analyzerthatis efficientand thoroughinits analysis, while
minimizing the amount of energy and physical space that
it uses.

[0014] The presentinvention provides a volatiles ana-
lyzer comprising:

a source of microwave radiation that can selectively
produce atleast one predetermined frequency of mi-
crowave radiation;

a cavity in communication with said source; and

an analytical pan balance with at least its balance
pan in said cavity;

and wherein the walls of said cavity form a polyhe-
dron that focuses microwave energy of the prede-
termined frequency on said balance pan while sup-
porting a plurality of TM and TE modes in said cavity,
characterized in that said cavity comprises a poly-
hedron with twelve faces, eight said faces having
planes which form a regular octagon;

wherein one said face comprises a regular octagon
face perpendicular to said eight faces;

wherein a further face of said polyhedron is an oc-
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tagon parallel to said regular octagon face; and
wherein two of said faces are both non-parallel and
non-perpendicular to the other ten said faces.

[0015] Preferred embodiments of the invention will
now be described with reference to the detailed descrip-
tion and with the accompanying drawings in which:

FIG. 1is a perspective view of a commercial embod-
iment of a volatiles analyzer according to the present
invention;

FIG. 2 is another perspective view of the volatiles
analyzer of the present invention and showing it in
the open position along with portions of the interior
of the cavity;

Figure 3 is a perspective view of the volatiles ana-
lyzer of the present invention without the cover and
showing some of the internal parts;

Figure 4 is a view similar to Figure 3 but taken from
the opposite side of the volatiles analyzer;

Figure 5 is a perspective view taken into the upper
portions of the cavity of the present invention;
Figure 6 is a top cross-sectional view taken along
lines 6-6 of Figure 3;

Figure 7 is a front elevational view of the cavity ac-
cording to the present invention;

Figure 8 is a cross-sectional view of the cavity taken
along lines 8-8 of Figure 5;

Figure 9 is a bottom plan view of the top half of the
lid and cavity of the present invention; and

Figure 10 is a perspective view of the air shield por-
tion of the present invention.

[0016] Figure 1 is a perspective view of a commercial
embodiment of the present invention broadly designated
at 10. The microwave portions of the device are in most
circumstances kept under a cover 11 and will be de-
scribed in more detail with respect to the other figures.
The cover 11is secured to abase 12 by a latch 13. Figure
1 also shows the housing 14 for any microprocessors
used in conjunction with the device, along with a display
15 and a keyboard entry pad 16. In the embodiment
shown in Figure 1, the indented portion 17 near the rear
of the device 10 is shaped to hold a number of sample
pads of the type that are typically used in this type of
moisture analysis.

[0017] Figure 2 shows the volatiles analyzer 10 of the
presentinvention in an open position. Figure 2 illustrates
that the invention includes an analytical pan balance of
which at least the balance pan 20 is present in a cavity
21. It will be understood that the term "balance pan" is
used in its broadest sense and does not literally have to
be a pan. Instead, as illustrated in Figure 2 and else-
where, the pan is preferably formed of a framework, often
of a material such as plastic, that is substantially perme-
able or even transparent to microwave radiation so as
not to otherwise interfere with the processes of the de-
vice. In a typical operation, a sample pad (not shown) is
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placed on top of the pan 20 and a sample is in turn placed
on top of the sample pad. For some materials, a second
sample pad is placed over the sample to prevent splat-
tering during the heating process. The preferred sample
pads are preferably formed of glass fibers, although any
material is acceptable that does not otherwise interfere
with the microwaves or other aspects of the process.
[0018] The nature and operation of analytical balances
are generally well understood in the chemical arts and
will not be described in detail herein. The balance should
be selected so as to avoid interfering with the propagation
of microwaves in the cavity in any undesired fashion.
Various balances are available from, or can be readily
custom-designed by, manufacturers such as Mettler To-
ledo (Mettler Toledo International, Inc., Worthington,
Ohio, USA). Some such balances can measure with an
accuracy approaching 0.0000001 gram (g). For most
moisture determinations on small samples an accuracy
of 0.0001 g (i.e., 0.1 milligram) is preferred.

[0019] Figure 2 also shows the cavity broadly desig-
nated at 21 which in the invention forms a polyhedron
that focuses microwave energy of the predetermined fre-
quency generated by the source (Figure 3) on the bal-
ance pan 20 while supporting a plurality of TM and TE
modes in the cavity. By focusing the energy on the bal-
ance pan-i.e., on the pan’s geometric position in the cav-
ity-the invention greatly enhances the efficiency of the
heating process, even though the cavity itself is much
smaller than in earlier devices.

[0020] Figure 2 also shows the port 22 that permits
entry of microwave energy from the waveguide (Figure
3) into the cavity 21. In preferred embodiments, the port
22 is the sole entry for microwaves between the
waveguide and the cavity 21. As perhaps best under-
stood by a combination of Figures 2 and 3, in preferred
embodiments the waveguide 18 is a rectangular solid
and the port 22 is a longitudinal slot positioned in one
face of the waveguide 18 and oriented neither parallel
nor perpendicular to any of the angles forming the rec-
tangular solid waveguide.

[0021] Figure 2 also illustrates that the invention can
be understood in another sense as a cavity for a micro-
wave device that comprises a polyhedron in which eight
of its faces form a regular octagon. The words "polyhe-
dron," "octagon," and "regular" are all used in their ordi-
nary and dictionary sense in this specification and in the
claims. Thus, a polyhedron is a three-dimensional geo-
metrical solid with a plurality of planar faces. An octagon
is a two-dimensional figure with eight linear sides. A reg-
ular octagon is an eight-sided two-dimensional figure in
which each of the eight sides are equal in length and all
of the eight angles are equal to one another.

[0022] Figure 2 also shows that in the illustrated em-
bodiment, one face is a regular octagon illustrated as 23
and comprises the bottom face of the cavity 21. Figure
2 also illustrates that in the preferred embodiment, the
polyhedron has 12 sides, eight of which (19, 24, 25,
29-31, and 38-39) are both joined to and perpendicular
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totheregular octagon face 23. As perhaps bestillustrated
in Figure 3, the polyhedron cavity also includes two faces,
26 and 28 that are both nonparalleland nonperpendicular
to the other ten faces of the 12-sided polygon. The par-
allel face 27 (i.e., parallel to the regular octagon face) is
joined to two of the perpendicular faces that are respec-
tively parallel to one another, the nonparallel and non-
perpendicular faces are each joined to the parallel face
26, and the nonparallel and nonperpendicular faces are
each joined to the perpendicular faces. As Figure 2 illus-
trates, the eight sides 19, 24, 25, 29-31, and 38-39 form
a regular octagon regardless of the top and bottom ge-
ometry of the cavity 21.

[0023] Although the illustrated embodiment shows the
bottom face 23 as being planar and a regular octagon,
the invention is not limited to such an arrangement, and
the bottom portion of the cavity could be nonplanar.
Those familiar with the propagation of microwave energy
will recognize that the modes and focusing of the micro-
waves depend on the waveguide, the port from the
waveguide to the cavity, and the cavity geometry, and
not upon visual references or orientations such as "up"
or "down" or the "top," "bottom," or "sides" of the cavity.
Such terms are used herein in conjunction with the draw-
ings toillustrate the invention rather than to limitits scope.
[0024] Figure 2 also shows a number of items that are
the same as and were described with respect to Figure
1, and that will not be otherwise described with respect
to Figure 2.

[0025] Figure 3 illustrates the source and waveguide
as well as other aspects of the invention that have already
been referred to. The source of microwave radiation typ-
ically comprises a magnetron illustrated at 32 in Figure
3. The source can, however, comprise a klystron or a
solid-state device. As noted earlier, the source 32 is in
communication with the waveguide 23 which in turn is in
communication with the cavity 21. Figure 3 alsoillustrates
acooling system 33 which takes the form of a pan (Figure
4).

[0026] Figure 3 also illustrates that in preferred em-
bodiments, the moisture analyzer includes an infrared
sensor 34 positioned with respect to the cavity 21 to
measure the temperature of a sample on the balance
pan 20. The infrared sensor 43 is in electronic commu-
nication with means for moderating the microwave power
in the cavity based upon the measured temperature. The
moderation of temperature can be as simple as tempo-
rarily turning off the power from the magnetron 32, or it
can be a more sophisticated control using, for example,
a switching power supply. The basic use of the infrared
sensor, and its advantages for processing certain types
of items, are set forth in more detail in commonly as-
signed International application No. PCT/US99/21490.
The use of the switching power supply to control micro-
wave energy is likewise set forth in commonly assigned
U.S. Patent No. 6,084,226.

[0027] The moisture analyzer of the present invention
typically further comprises a processor (not shown) in
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electronic communication with the balance for calculating
the expected final weight of a sample based upon two or
more measurements of the weight at discrete time inter-
vals as the weight changes under the influence of micro-
wave radiation upon the sample. The algorithms for cal-
culating such final weight based on the weight change
are generally well understood in this art and will not be
set forth in detail herein. An early version is set forth, by
way of example and not limitation, in U.S. Patents Nos.
4,438,500 and 4,457,632, which are commonly assigned
with the present application. Indeed, the use of particular
algorithms and processor logic are often the choice of
individual designers and can be carried out by those of
ordinary skill in this art without undue experimentation.
As another exemplary source, Dorf, The Electrical Engi-
neering Handbook, 2d Ed. (CRC Press 1997), contains
extensive discussions of electronic controls, circuits, and
processor logic.

[0028] One of the advantageous features of the inven-
tion is its capacity of the cavity for supporting a plurality
of TM and TE modes at the wavelengths produced by
the source. As known to those of ordinary skill in this art,
a mode is one of the various possible patterns of propa-
gating or standing electromagnetic fields in a particular
waveguide or cavity. A mode is characterized by its fre-
quency, polarization, electricfield strength, and magnetic
field strength. The distribution of modes in a cavity will
always satisfy Maxwell’s equations and can be calculated
to a fairly accurate extent, particularly using the available
computational capacity of modem microprocessors. In
the same manner, the term "field" is used in its usual
sense to indicate the volume of influence of a physical
phenomenon expressed as vectors. TM and TE modes
refer to transverse electric and transverse magnetic
modes. A transverse mode is one whose field vectors,
whether electric or magnetic, are both normal to the di-
rection of propagation of the wave energy.

[0029] Theremainderofthe figures illustrate these and
other features of the invention. Figure 4 illustrates the
power supply 34 forthe magnetron 32 as well as a clearer
illustration of the pan 33. Figure 4 also illustrates the pow-
er switch 35 which is also referred to as a power entry
module. A series of sub-D connectors 36, 37, and 40,
provide for optional communication with stand-alone
printers or computers or similar devices. The sub-D con-
nectors 36, 37, and 40 provide parallel and serial con-
nectionsin amannerwellunderstood by those of ordinary
skill in these arts and the nature of the connections will
not be otherwise explained in detail. Figure 4 also illus-
trates the printer portion 41 of the device which, ifdesired,
can take the results from any particular test, and print
them out all on a paper tape. As just noted, the results
can likewise be forwarded to digital memory, a digital
processor, or any other location using the sub-D connec-
tors. Figure 4 also illustrates a number of the items which
have already been described, and which carry corre-
sponding numerals in Figure 4, but which will not be oth-
erwise described in detail.
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[0030] Figure 5 is a perspective view of the cover por-
tion 11 of the analyzer 10, and showing a view looking
upwards into the cavity 21. Figure 5 illustrates the slot
22, the polyhedron shape of the cavity, and also illus-
trates the air shield 42 that is used in preferred embodi-
ments of the invention. The nature, structure, function,
and operation of the air shield 42 are set forth in greater
detail in co-pending and commonly assigned U.S. appli-
cation Serial No. 09/397,825, filed September 17, 1999,
for "Microwave Apparatus and Method for Achieving Ac-
curate Weight Measurements."

[0031] Figure 6 is a top plan view of the cavity of the
present invention and particularly illustrates the regular
octagon shape of the bottom place 23 of the cavity, which
in turn defines the cross-sectional shape of the cavity as
taken from this view. Figure 6 also shows the waveguide
18 adjacent to the cavity 21.

[0032] Figure 7 is a front elevational view of the cavity
21, and shows the perpendicular sides 19, 24, 25, 29-31,
38, and 39, as well as one of the nonparallel sides 26,
which, in preferred embodiments of the invention, is per-
forated to allow for an airflow through the cavity 21 while
the moisture analysis is taking place.

[0033] Figure 8 is a cross-sectional view of the cavity
21 and showing the cross-sectional profile of the air shield
42 in one of its preferred positions.

[0034] Figure 9 is a bottom plan view of the cover por-
tion 11, the cavity 21, and the air shield 42. Figure 9
illustrates that both of the nonparallel, nonperpendicular
sides are perforated to encourage the desired airflow, or
airflow that can be enhanced using the fan 33.

[0035] Figure 10 illustrates a preferred embodiment of
the air shield 42 which is generally formed of a grid-like
framework 44 which carries either a single, or a plurality
of moisture absorbent pads 45. As set forth in the co-
pending application, these pads absorb water vapor driv-
en from a heated sample and allow it to recondense. By
first absorbing the vapor, the shield 42 moderates the
flow of gases through the cavity that could otherwise dis-
turb the accuracy of the balance pan. Furthermore, as is
known to those familiar with microwave techniques and
characteristics, water vapor is affected differently by mi-
crowaves than liquid water and thus the absorbent pads
provide a location where the water vapor can
recondense, again be heated by the microwaves, and
then be carried off by the fan. As set forth in the co-pend-
ing application, the fan preferably draws an airflow across
the upper portions of the cavity 21 generally perpendic-
ular to the expected flow of rising water vapor from the
sample. In this manner, the combination of the airflow
and the shield help draw off the water vapor in a manner
that disturbs the balance pan the least, and preferably
not at all.

[0036] In the drawings and specification, there have
been disclosed typical embodiments of the invention,
and, although specific terms have been employed, they
have been used in a generic and descriptive sense only
and not for purposes of limitation, the scope of the inven-
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tion being set forth in the following claims.

Claims

1.

A volatiles analyzer (10) comprising:

a source of microwave radiation that can selec-
tively produce at least one predetermined fre-
quency of microwave radiation;

a cavity (21) in communication with said source;
and

an analytical pan balance (20) with at least its
balance pan in said cavity;

wherein the walls of said cavity form a polyhe-
dron that focuses microwave energy of the pre-
determined frequency on said balance pan while
supporting a plurality of TM and TE modes in
said cavity,

characterized in that said cavity comprises a
polyhedron with twelve faces, eight said faces
(19, 24, 25, 29-31, 38, 39) having planes which
form a regular octagon;

in that one said face (23) comprises a regular
octagon face perpendicular to said eight faces;
in that a further face (27) of said polyhedron is
an octagon parallel to said regular octagon face
(23); and

in that two of said faces (26, 28) are both non-
parallel and nonperpendicular to the other ten
said faces.

2. Avolatiles analyzer according to claim 1 wherein all

sides of said polyhedron cavity are planar.

3. A volatiles analyzer according to claim 1 wherein:

said eight perpendicular faces are joined to said
regular octagon face;

said parallel face (27) is joined to two of said
perpendicular faces (26, 28) that are respective-
ly parallel to one another; and

said non-parallel and non-perpendicular faces
are each joined to said parallel face; and

said non-parallel and non-perpendicular faces
are each joined to two of said perpendicular fac-
es.

Avolatiles analyzer according to any preceding claim
wherein said nonparallel, non-perpendicular faces
(26, 28) are perforated to encourage an airflow
through said cavity.

Avolatiles analyzer according to claim 4 further com-
prising a fan (33) to enhance airflow.

Avolatiles analyzer according to any preceding claim
further comprising:
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10.

1.

12.

13.

a waveguide (19) between said source and said
cavity and in microwave communication with
both of said source and said cavity; and

a port (22) from said waveguide to said cavity.

A volatiles analyzer according to claim 6 wherein
said port (22) is the sole entry for microwaves be-
tween said waveguide (19) and said cavity (21).

A volatiles analyzer according to claim 4 wherein:

said waveguide (19)is a rectangular solid; and

said port (22) is a longitudinal slot positioned in
one face of said waveguide and oriented neither
parallel to nor perpendicular to any of the angles
forming said rectangular solid waveguide.

Avolatiles analyzer according to any preceding claim
further comprising:

an infrared sensor positioned with respect to
said cavity to measure the temperature of asam-
ple on said balance pan;

means in electronic communication with said in-
frared sensor for moderating the microwave
power in said cavity based upon the measured
temperature.

Avolatiles analyzer according to any preceding claim
further comprising a processor in electronic commu-
nication with said balance for calculating the expect-
ed final weight of a sample based upon two or more
measurements of the weight at discrete time inter-
vals as the weight changes under the influence of
the microwave radiation upon the sample.

Avolatiles analyzer according to any preceding claim
wherein said microwave source is a magnetron, a
klystron or a solid state device.

Avolatiles analyzer according to any preceding claim
further comprising an air shield (42) in said cavity to
moderate the flow of gases through the cavity.

A volatiles analyzer according to claim 12 wherein
the air shield (42) is formed of a grid-like framework
(44) which carries one or more moisture-absorbent
pads (45).

Patentanspriiche

1.

Analysator (10) fir flichtige Substanzen, umfas-
send:

eine Quelle von Mikrowellenstrahlung, die se-
lektiv mindestens eine vorgegebene Frequenz
der Mikrowellenstrahlung erzeugen kann;
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einen Hohlraum (21) in Kommunikation mit der
Quelle; und eine analytische Schalenwaage
(20), wobei zumindest ihre Waagschale sich im
Hohlraum befindet; wobei die Wande des Hohl-
raums einen Polyeder bilden, der Mikrowellen-
energie von der vorgegebenen Frequenz aufdie
Schalenwaage fokussiert, wahrend mehrere
TM- und TE-Modi im Hohlraum unterstitzt wer-
den,

dadurch gekennzeichnet, dass der Hohlraum
einen Polyeder mit zwolf Flachen umfasst, wo-
bei acht Flachen (19, 24, 25, 29-31, 38, 39) Ebe-
nen haben, die ein reguldres Oktagon bilden;
dadurch, dass eine Flache (23) eine regelmafi-
ge Oktagonflache senkrecht zu den acht Fla-
chen umfasst;

dadurch, dass eine weitere Flache (27) des Po-
lyeders ein Oktagon parallel zu der regelmaRi-
gen Oktagonflache (23) ist; und

dadurch, dass zwei der Flachen (26, 28) sowohl
nichtparallel als auch nichtsenkrecht zu den an-
deren zehn Flachen sind.

Analysator fir flichtige Substanzen nach Anspruch
1, wobei alle Seiten des Polyederhohlraums planar
sind.

Analysator fir flichtige Substanzen nach Anspruch
1, wobei:

die acht senkrechten Flachen mit der regelma-
Rigen Oktagonflache verbunden sind;

die parallele Flache (27) mit zwei der senkrech-
ten Flachen (26, 28) verbunden ist, die parallel
zueinander sind; und

die nichtparallelen und nichtsenkrechten Fla-
chen jeweils mit der parallelen Flache verbun-
den sind; und

die nichtparallelen und nichtsenkrechten Fla-
chen jeweils mit zwei der senkrechten Flachen
verbunden sind.

Analysator fir flichtige Substanzen nach einem der
vorherigen Anspriiche, wobei die nichtparallelen,
nichtsenkrechten Flachen (26, 28) perforiert sind,
um einen Luftstrom durch den Hohlraum zu férdern.

Analysator fir flichtige Substanzen nach Anspruch
4, der ferner einen Ventilator (33) zum Verstarken
des Luftstroms umfasst.

Analysator fir fliichtige Substanzen nach einem der
vorherigen Anspriiche, der ferner Folgendes um-
fasst: einen Hohlleiter (19) zwischen der Quelle und
dem Hohlraum und in Mikrowellenkommunikation
mit der Quelle und dem Hohlraum; und einen Port
(22) von dem Hohlleiter zum Hohlraum.

10

15

20

25

30

35

40

45

50

55

7.

9.

10.

1.

12.

13.

Analysator fiir flichtige Substanzen nach Anspruch
6, wobeider Port (22) die einzige Eintrittsmdglichkeit
fur Mikrowellen zwischen dem Hohlleiter (19) und
dem Hohlraum (21) ist.

Analysator fiir flichtige Substanzen nach Anspruch
4, wobei:

der Hohlleiter (19) ein rechteckiger Feststoff ist;
und

der Port (22) ein langslaufender Schlitz ist, der
in einer Flache des Hohlleiters angeordnet und
weder parallel noch senkrecht zu den Winkeln
ist, die den rechteckigen festen Hohlleiter bil-
den.

Analysator fir flichtige Substanzen nach einem der
vorherigen Anspriiche, der ferner Folgendes um-
fasst:

einen Infrarotsensor, der bezliglich des Hohllei-
ters zum Messen der Temperatur einer Probe
auf der Schalenwaage angeordnet ist;

Mittel in elektronischer Kommunikation mit dem
Infrarotsensor zum Mildern der Mikrowellenen-
ergie im Hohlraum auf der Grundlage der ge-
messenen Temperatur.

Analysator fir flichtige Substanzen nach einem der
vorherigen Anspriiche, der einen Prozessor in elek-
tronischer Kommunikation mit der Waage zum Be-
rechnen des erwarteten Endgewichts einer Probe
auf der Grundlage von zwei oder mehr Messungen
des Gewichts zu getrennten Zeitintervallen umfasst,
wenn sich das Gewicht unter dem Einflus s der Mi-
krowellenstrahlung auf die Probe andert.

Analysator fir flichtige Substanzen nach einem der
vorherigen Anspriiche, wobei die Mikrowellenquelle
ein Magnetron, ein Klystron oder eine Festkorper-
vorrichtung ist.

Analysator fir flichtige Substanzen nach einem der
vorherigen Anspriche, der ferner ein Luftleitblech
(42) im Hohlraum umfasst, um den Strom von Gasen
durch den Hohlraum zu ztgeln.

Analysator fiir flichtige Substanzen nach Anspruch
12, wobei das Luftleitblech (42) aus einem gitterar-
tigen Rahmen (44) gebildet ist, der ein oder mehrere
feuchtigkeitsabsorbierende Matten (45) tragt.

Revendications

1.

Analyseur de substances volatiles (10) comprenant :

une source de rayonnement hyperfréquence qui
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peut sélectivement produire au moins une fré-

quence prédéterminée de rayonnement
hyperfréquence ;

une cavité (21) en communication avec ladite
source ; et

une balance analytique a plateau (20) avec au
moins son plateau de balance dans ladite
cavité ;

dans lequel les parois de ladite cavité forment
un polyedre qui concentre I'énergie hyperfré-
quence de la fréquence prédéterminée sur ledit
plateau de balance tout en supportant une plu-
ralité de modes TM et TE dans ladite cavité, ca-
ractérisé en ce que ladite cavité comprend un
polyedre a douze faces, huit desdites faces (19,
24, 25, 29-31, 38, 39) ayant des plans qui for-
ment un octogone régulier ;

en ce que l'une desdites faces (23) comprend
une face d’octogone régulier perpendiculaire
auxdites huit faces ;

en ce qu’une autre face (27) dudit polyédre est
un octogone paralléle a ladite face d’octogone
régulier (23) ; et

en ce que deux desdites faces (26, 28) sont
toutes deux non paralléles et non perpendicu-
laires aux dix autres desdites faces.

Analyseur de substances volatiles selon la revendi-
cation 1, dans lequel tous les co6tés de ladite cavité
de polyédre sont plans.

Analyseur de substances volatiles selon la revendi-
cation 1, dans lequel :

lesdites huit faces perpendiculaires sont assem-
blées a ladite face d’octogone régulier ;

ladite face paralléle (27) est assemblée a deux
desdites faces perpendiculaires (26, 28) qui
sont respectivement paralleles entre elles ; et
lesdites faces non paralléles et non perpendicu-
laires sont chacune assemblées a ladite face
paralléle ; et

lesdites faces non paralléles et non perpendicu-
laires sont chacune assemblées a deux desdi-
tes faces perpendiculaires.

Analyseur de substances volatiles selon I'une quel-
conque des revendications précédentes, dans le-
quel lesdites faces non paralléles, non perpendicu-
laires (26, 28) sont perforées pour favoriser un écou-
lement d’air a travers ladite cavité.

Analyseur de substances volatiles selon la revendi-
cation 4, comprenant en outre un ventilateur (33)
pour améliorer I'écoulement d’air.

Analyseur de substances volatiles selon I'une quel-
conque des revendications précédentes, compre-
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9.

10.

1.

12.

13.

nant en outre:

un guide d’'ondes (19) entre ladite source et la-
dite cavité eten communication d’hyperfréquen-
ce a la fois avec ladite source et avec ladite
cavité ; et

un orifice (22) allant dudit guide d’ondes vers
ladite cavité.

Analyseur de substances volatiles selon la revendi-
cation 6, dans lequel ledit orifice (22) est la seule
entrée pour I'hyperfréquence entre ledit guide d’on-
des (19) et ladite cavité (21).

Analyseur de substances volatiles selon la revendi-
cation 4, dans lequel :

ledit guide dondes (19) est un solide
rectangulaire ; et
ledit orifice (22) est une fente longitudinale po-
sitionnée dans une face dudit guide d’'ondes et
orientée ni parallélement ni perpendiculaire-
ment a I'un quelconque des angles formant ledit
guide d’ondes solide rectangulaire.

Analyseur de substances volatiles selon 'une quel-
conque des revendications précédentes, compre-
nant en outre:

un capteur infrarouge positionné par rapport a
ladite cavité pour mesurer la température d’'un
échantillon sur ledit plateau de balance ;

des moyens en communication électronique
avec ledit capteur infrarouge pour modérer la
puissance hyperfréquence dans ladite cavité en
fonction de la température mesurée.

Analyseur de substances volatiles selon 'une quel-
conque des revendications précédentes, compre-
nanten outre un processeur en communication élec-
tronique avec ladite balance pour calculer le poids
final attendu d’un échantillon en fonction de deux
mesures ou plus du poids a intervalles de temps dis-
tincts lorsque le poids change sous linfluence du
rayonnement hyperfréquence sur I’échantillon.

Analyseur de substances volatiles selon 'une quel-
conque des revendications précédentes, dans le-
quel ladite source hyperfréquence est un magné-
tron, un klystron ou un dispositif a état solide.

Analyseur de substances volatiles selon 'une quel-
conque des revendications précédentes, compre-
nant en outre un dispositif de protection d’air (42)
dans ladite cavité pour modérer I'’écoulement de gaz
a travers la cavité.

Analyseur de substances volatiles selon la revendi-
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cation 12, dans lequel le dispositif de protection d’air
(42) est formé avec un cadre en forme de grille (44)
qui porte un ou plus coussinets d’absorption d’humi-
dité (45).
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