wo 2021/168532 A1 I 0RO OO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
02 September 2021 (02.09.2021)

J

=
WIRPO I PCT

(10) International Publication Number

WO 2021/168532 Al

(51) International Patent Classification:
F26B 11/04 (2006.01) A23L 3/54 (2006.01)
A23B 7/02 (2006.01) F26B 25/02 (2006.01)
A23B 7/028 (2006.01) F26B 7/00 (2006.01)
A23L 3/40 (2006.01)

(21) International Application Number:

(72)

74

PCT/CA2020/050266

(22) International Filing Date:

C3Y)

28 February 2020 (28.02.2020)

(25) Filing Language:
(26) Publication Language:

English
English
(71) Applicant: ENWAVE CORPORATION [CA/CA];

Unit

1 - 1668 Derwent Way, Delta, British Columbia V3M 6R9

(CA).

Inventors: FU, Jun; c/o, Unit 1 - 1668 Derwent Way,
Delta, British Columbia V3M 6R9 (CA). CAO, Li Bing;
c/o, Unit 1 - 1668 Derwent Way, Delta, British Columbia
V3M 6R9 (CA). BARKER, Noel; ¢/o0, Unit 1 - 1668 Der-
went Way, Delta, British Columbia V3M 6R9 (CA).

Agent: MCGRUDER, David J. etal.; 480 - 601 West Cor-
dova Street, Vancouver, British Columbia V6B 1G1 (CA).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: VACUUM CHAMBER APPARATUS WITH SINGLE ROLLER FOR ROTATING CONTAINER

’——-’2 /-20
I 29 9 22 94 25 3
g6 220 [ 226 2z o H_.s
H 229
33 29 264 : 37 32
%N w5 2., Qo 7 Qoo 92456 1 7
64 A 561 58 4 p, Ay (U 66
: T 7
| L T 1 baw .
o 7T ] [T 057 BE
54 464 & 3 § 4
60 i (767 22) 9407 ] a7c a0 T8 B &2
7e” B2kl ves 48| 9sc F-B_—_%
48 17_/7H VA A B AV A9 A A 4 2 A = s ndon oo v 50
11
21 -2/ 42/
. {
L.—' 2
FIG. |

(57) Abstract: An apparatus and method for providing a simpler and more robust mechanism for transporting materials to be dried
through a vacuum microwave chamber in rotating containers. The apparatus (20) has a vacuum chamber (22), an input end (26) to
introduce a container (24) into the chamber, and a discharge end (28) to remove the container. The container has spur gear teeth (60)
extending along its outer circumferential surface. The apparatus has a single roller (42) having spur gear teeth (46) extending along its
outer circumferential surface. The spur gear teeth of the roller mesh with the spur gear teeth of the container such that rotation of the
roller about its longitudinal axis rotates the container. The apparatus also includes means for holding the container on the roller, means
for moving the container through the chamber, a microwave generator 76 arranged for transmission of microwave radiation from the
generator into the chamber, and means for reducing pressure inside the chamber.
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VACUUM CHAMBER APPARATUS WITH SINGLE ROLLER FOR ROTATING
CONTAINER

Field of the Invention

[0001] The invention pertains to apparatuses and methods for dehydrating organic
materials such as food products in a vacuum chamber of the type in which the organic
materials are transported through the vacuum chamber in a rotating container.

Background

[0002] Dehydration of organic materials such as foods and plant materials by vacuum
microwave dehydration is known in the art. In one type of these dehydration apparatuses,
disclosed, for example, in WO 2009/049409 published April 23, 2009 and WO 2014/085897
published June 12, 2014, organic materials are dehydrated by transporting the materials
through a vacuum microwave chamber in a rotating container. In the apparatus disclosed in
WO 2014/085897, a pair of rotatable rollers is arranged to support and rotate the container
of materials about its horizontal axis and a chain drive is provided to transport the container
along the rollers through the length of the chamber. This type of prior art machine is
mechanically complicated: the double rollers must maintain synchronization, the
transmission mechanism for operating the rollers is highly complex, and the relative
alignment of the rollers (e.g., the distance and angle between them) must precisely
correspond with the diameter of the rotatable containers to permit proper engagement of
the rollers with the containers. The required level of precision for proper operation of this
type of machine can be difficult to achieve in a microwave dehydration process since the
containers will expand and eventually become distorted over time with the high operating

temperatures.

[0003] There is a need in the dehydration industry for a vacuum microwave dehydration
apparatus with a simpler and more robust mechanism for transporting rotatable containers.

The present invention is directed to an improved vacuum microwave drying apparatus.
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Summary

[0004] The invention provides an apparatus for dehydrating organic material. A vacuum
chamber has an input end for the introduction of a container of the material to be
dehydrated and a discharge end for removal of the container of dehydrated material. The
container has spur gear teeth extending along part or all of its outer circumferential surface,
and is supported on a single roller, extending longitudinally along a length of the vacuum
chamber, with spur gear teeth extending along part or all of its outer circumferential surface.
The spur gear teeth of the roller mesh with the spur gear teeth of the container such that
driving the rotation of the roller about its longitudinal axis rotates the container about its
longitudinal axis. The apparatus includes means for reducing the pressure in the vacuum
chamber, means for rotating the roller about its longitudinal axis, means for holding the
rotating container on the roller, and means for moving the rotating container through the
vacuum chamber along the roller from an input zone to a discharge zone. The apparatus
also includes a microwave generator arranged for transmission of microwave radiation from

the generator into the vacuum chamber.

[0005] Another aspect of the invention provides a method for dehydrating an organic
material. An organic material to be dehydrated is loaded into a container. The container is
introduced into a vacuum chamber, the chamber being at a pressure less than atmospheric.
The container is supported on a single roller within the vacuum chamber, with the spur gear
teeth on the roller meshing with the spur gear teeth on the container. The container is
rotated inside the vacuum chamber by the rotation of the roller through the engagement of
the pairs of spur gear teeth. The rotating container is moved through the vacuum chamber
while applying microwave radiation to dehydrate the organic materials. The container of
dehydrated organic material is then removed from the vacuum chamber.

[0006] Further aspects of the invention and features of specific embodiments of the

invention are described below.
Brief Description of the Drawings
[0007] Exemplary embodiments are illustrated in referenced figures of the drawings. It

is intended that the embodiments and figures disclosed herein are to be considered
2
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illustrative rather than restrictive.

[0008] Figure 1 is a cutaway side elevational view of the vacuum microwave drying
apparatus according to one embodiment of the invention.

[0009] Figure 2 is a sectional view on the line 2-2 of Figure 1, showing the input end of
the vacuum chamber of the apparatus of Figure 1, the discharge end being substantially
identical thereto.

[0010] Figure 3 is an isometric sectional view, partly cutaway, of the vacuum chamber
of the apparatus of Figure 1.

[0011] Figure 4 is a schematic view of the apparatus of Figure 1.

Detailed Description

[0012] Referring to Figures 1 to 3, in one embodiment the apparatus of the invention is
a vacuum microwave dehydration apparatus 20. The apparatus 20 has a vacuum chamber
22, through which a container 24 of organic materials is transported for vacuum microwave
dehydration, and a microwave generator 76. The vacuum chamber 22 has a cylindrical wall
25 supported by a stand 21, an input end 26 for introducing the container 24 into the
vacuum chamber 22, and a discharge end 28 for removing the container 24 from the
vacuum chamber 22. A loading module 30 is provided at the input end 26 for loading the
container 24 containing organic materials to be dehydrated into the vacuum chamber 22. A
discharge module 32 is provided at the discharge end 28 for holding the container 24
containing the dehydrated organic materials after being removed from the vacuum chamber
22. The loading module 30 and the discharge module 32 each have a pair of airlock doors,
respectively 33, 34 and 36, 37. These permit the containers 24 to be loaded into and
unloaded from the vacuum chamber 22, while maintaining the chamber 22 at the reduced
pressure required for the dehydration process. The airlock doors are self-sealing doors that
form an airtight seal in their closed positions. Airlock doors 34, 36 separate the respective
loading module 30 and discharge module 32 from the vacuum chamber 22.

[0013] Means are provided within the vacuum chamber 22 for rotating the container 24
and for moving it from the input end 26 to the discharge end 28. A roller 42 is a longitudinal
3
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rod extending along a length of the vacuum chamber 22 with one end mounted at an input
zone 29 of the vacuum chamber 22 and the other end mounted at a discharge zone 31 for
rotation about its longitudinal, horizontal axis, an axis parallel to the longitudinal axis of the
vacuum chamber 22, within the vacuum chamber 22. Mounting plates (not shown) may be
provided at the input 29 and discharge 31 zones for supporting the respective ends of the
roller 42. The input zone 29 is a portion of the vacuum chamber 22 proximate to the input
end 26; the discharge zone 31 is a portion of the vacuum chamber 22 proximate to the
discharge end 28. The roller 42 has a circumferential surface 44 having spur gear teeth 46
extending along its length, parallel to the longitudinal axis of the roller 42. The spur gear
teeth 46 may extend along the entire length of the roller 42, or extend intermittently along
the length thereof such that the roller 42 has alternating sections of spur gear teeth
containing circumferential surfaces 46 A-46E and sections with smooth circumferential
surfaces 47A-47D. A gear 78 is mounted on the input zone mounting plate, below the roller
42, to engage the spur gear teeth 46 of the roller 42 at one end, and a gear 82 is mounted
on the discharge zone mounting plate, below the roller 42, to engage the spur gear teeth 46
of the roller 42 at the other end. Gears 78, 82 are driven by a respective drive motor 48, 50,
synchronized together, to rotate the roller 42 about its longitudinal axis, within the vacuum
chamber 22. The mounting plates may be secured to a respective end support frame 86,
88, which is mounted on the inner side of the cylindrical wall 25 at the respective input 29
and discharge zones 31 of the vacuum chamber 22.

[0014] The container 24 is a basket made of a microwave-transparent material, such as
high density polyethylene, with a closed bottom wall 54, a cylindrical surface 56 and a
removable lid 58. The cylindrical surface 56 has spur gear teeth 60 extending along part or
all of its outer circumferential surface, parallel to the longitudinal axis of the container 24.
The spur gear teeth 46 of the roller 42 are aligned to mesh with the spur gear teeth 60 of
the container 24 to rotate the container 24 about its longitudinal axis as the roller 42 is
driven to rotation about its longitudinal axis. The end support frames 86, 88 define an
opening 90, 92 through which the container 24 is introduced into and removed from the
vacuum chamber 22, aligning the spur gear teeth 46 of the roller 42 with the spur gear teeth
60 of the container 24 within the vacuum chamber 22.

[0015] Means are provided within the vacuum chamber 22 for holding the container 24
on the rotating roller 42. As best seen in Figure 2, a pair of guide members 72, 74 is
secured to opposite sides of the opening 90 defined by the end support frame 86,

4
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circumferentially spaced from the roller 42, at the input zone 29, and to opposite sides of
the opening 92 defined by the end support frame 88, circumferentially spaced from the
roller 42, at the discharge zone 31. Guide members 72, 74 extend longitudinally through a
length of the vacuum chamber 22 from the input zone 29 to the discharge zone 31, parallel
to the longitudinal axis of the vacuum chamber 22. The guide members 72, 74 are flat
rectangular plates, arranged adjacent to opposing sides of the cylindrical surface 56 of the
container 24, for guiding the container 24 as it moves along the rotating roller 42. Multiple
pairs of longitudinally-spaced or adjoining guide members (not shown) may be provided to
extend the length of the vacuum chamber 22. This is useful where, for example, the
vacuum chamber is of a substantial length.

[0016] A plurality of chamber dividers 94, each extending across the internal, lateral
cross-sectional area of the vacuum chamber 22, separate the vacuum chamber 22 into a
plurality of vacuum chamber modules (shown as modules 22a, 22b, 22¢ in Figure 1). For
convenience of illustration, the vacuum chamber 22 is shown with only three modules, but it
will be understood that it can have any practical number of modules, as may be required for
a particular application. Each of the chamber dividers 94 has openings 96, 97, through
which the guide members 72, 74 and the roller 42 extend respectively, for supporting the
guide members and rollers through the intermediate portions of the vacuum chamber 22
between the end support frames 86, 88 at the input 29 and discharge 31 zones. Each of the
chamber dividers 94 also has an opening 99 for providing a passageway between adjacent
vacuum chamber modules for movement of the containers 24 from one module to an
adjacent module. The chamber dividers 94 act as microwave chokes to minimize cross

interference between chamber modules.

[0017] Means are provided for moving the container 24 through the vacuum chamber
22 at the input module 30 and for removing the container 24 from the vacuum chamber 22
at the discharge module 32. Figure 1 illustrates an example mechanism. A pushing cylinder
64 is affixed to the input module 30 for pushing the container 24 through the input end 26 of
the vacuum chamber 22, and a pulling cylinder 66 is affixed to the discharge module 32 for
pulling the container 24 out of the vacuum chamber 22 at the discharge end 28. The
pushing cylinder 64 and the pulling cylinder 66 are air cylinders, with a piston 68, 70
respectively, that is moveable between a position extending into the vacuum chamber 22
through the respective loading 30 and discharge modules 32 and a retracted position.
Connection means may be provided at the bottom wall 54 and the lid 58 of the container 24
5
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to secure the container 24 to the respective piston 68, 70.

[0018] A plurality of containers 24, each loaded with organic materials, can be
concurrently supported on the roller 42. As best seen in Figure 1, containers 24 are
sequentially introduced into the vacuum chamber 22 and arranged to be moved, one after
another, along the length of the roller 42. The containers abut one another on the roller 42,
such that each downstream container is pushed by the adjacent upstream container.

[0019] The dehydrating apparatus 20 includes the components conventionally required
for the operation of vacuum microwave driers. As illustrated schematically in Figure 4, a
vacuum pump 98 is operatively connected through a condenser 100 and via a vacuum
distributor 102 to vacuum ports in the vacuum chamber 22. The condenser condenses
water vapor produced during dehydration of the organic material. A refrigeration unit 104,
comprising a compressor, cooling fan and refrigerant pump, conveys refrigerant to the
condenser 100 to maintain the condenser at a desired temperature. A water load system
106 may be provided in the vacuum chamber 22 to absorb excess microwave energy, by
means of a water pump and conventional piping within the vacuum chamber. The
dehydration apparatus 20 includes a programmabile logic controller (PLC) 110, programmed
and connected to control the operation of the system, including controlling the drive motors
48, 50 to rotate the roller 42, the microwave generators 76, the vacuum pump 98, the
refrigerant pump, the airlock doors 33, 34, 36, 37, and the pushing and pulling cylinders 64,
66.

[0020] The dehydrating apparatus 20 operates according to the following method. The
vacuum pump 98, refrigerant pump, water pump, microwave generators 76 and the motors
48, 50 to rotate the roller are actuated, all under the control of the PLC. The vacuum
chamber 22 is brought to reduced pressure. Operating pressures may be in the range, for
example, of about 30 to 300 Torr (3.9 to 39.9 kPa), or 0.1 to 30 Torr (0.13 to 4.0 kPa). A
container 24 of organic material to be dehydrated is loaded into the loading module 30,
whose pressure is then equalized with the vacuum chamber 22. The airlock door 34 lifted,
and the container 24 is pushed by the piston 68 through the opening 90 of the end support
frame 86 at the input end 26 into the vacuum chamber 22, supported by and moving along
the rotating roller 42. The container 24 rotates about its longitudinal axis within the vacuum
chamber 22 by engagement of the spur gear teeth 60 on its outer circumferential surface
with the spur gear teeth 46 on the outer circumferential surface of the rotating roller 42,

6
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tumbling the material in the container 24 as the material is being dehydrated. Longitudinally-
extending guide members 72, 74 hold the container 24 in position on the roller 42 as it
moves along the length thereof. The spur gear teeth 46, 60 mesh during the movement of
the container 24 along the roller 42.

[0021] In the illustrated example embodiment, the container 24 is loaded into the
loading module 30 through airlock door 33. The loading module 30 is sealed and its
pressure equalized with the vacuum chamber 22. Airlock door 34 is then opened, and
actuation of the pushing cylinder 64 moves the piston 68 into the loading module 30,
pushing the container 24 from the loading module 30 into the vacuum chamber 22. The
airlock door 34 is then closed and the piston 68 is retracted. The second container is loaded
in the same manner as the first container. Once the second container is in the loading
module 30, the airlock door 34 is opened, and the piston 68 pushes it onto the rotating roller
42. This pushes the second container against the first container, displacing the first
container farther down the vacuum chamber 22 towards the discharge end 28 by the length
of one container. The process is repeated by loading additional containers in the same
manner, each container displacing the previously-loaded ones in the vacuum chamber 22.
Once the first container is at or near the discharge end 28, the airlock door 36 is opened,
and the pulling cylinder 66 is actuated to move the piston 70 into the vacuum chamber 22
through the discharge end 28, and pull the first container into the discharge module 32. The
airlock door 36 is then closed, and the piston 70 is retracted. The discharge module 32 is
brought to atmospheric pressure and the first container is removed through airlock door 37.
The discharge module 32 is then sealed and its pressure equalized with the vacuum
chamber 22. The process is again repeated by removing additional containers from the
vacuum chamber 22 in the same manner. The apparatus is operated on a continuous-

throughput basis.

[0022] Throughout the foregoing description and the drawings, in which corresponding
and like parts are identified by the same reference characters, specific details have been
set forth in order to provide a more thorough understanding to persons skilled in the art.
However, well known elements may not have been shown or described in detail or at all to

avoid unnecessarily obscuring the disclosure.

[0023] As will be apparent to those skilled in the art in the light of the foregoing
disclosure, many alterations and modifications are possible in the practice of this invention
without departing from the scope thereof. Accordingly, the description and drawings are to

7
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be regarded in an illustrative, rather than a restrictive, sense.
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Claims
1. An apparatus (20) for dehydrating organic material, comprising:

(a) container (24) for holding the organic material, the container being rotatable about
a longitudinal axis thereof, the container having spur gear teeth (60) extending along an

outer circumferential surface thereof;

(b) a vacuum chamber (22) having an input end (26) for introduction of the container
and a discharge end (28) for removal of the container;

(c) a roller (42) extending within the vacuum chamber between an input zone (29)
proximate to the input end and a discharge zone (31) proximate to the discharge end, the
roller having spur gear teeth (46) extending along an outer circumferential surface thereof,
the roller being positioned within the vacuum chamber to support the container, with the

spur gear teeth of the roller meshing with the spur gear teeth of the container;

(d) means (48, 50, 78, 80) for rotating the roller about a longitudinal axis thereof and

thereby rotating the container;
(e) means (72, 74) for holding the rotating container on the roller;

(f) means (64, 66, 68, 70) for moving the rotating container through the vacuum

chamber along the roller from the input end to the discharge end,

(g) a microwave generator (76) arranged for transmission of microwave radiation into

the vacuum chamber; and
(h) means (98) for reducing pressure inside the vacuum chamber.

2. An apparatus according to claim 1, wherein the spur gear teeth on the container are
parallel to the longitudinal axis of the container and the spur gear teeth on the roller are

parallel to the longitudinal axis of the roller.

3. An apparatus according to any one of the preceding claims, wherein the longitudinal

axis of the roller is horizontal.

SUBSTITUTE SHEET (RULE 26)
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4. An apparatus according to any one of the preceding claims, wherein the means for

holding the rotating container on the roller comprises a pair of guide members (72, 74).

5.  An apparatus according to any one of claims 1 to 3, wherein the means for holding the
rotating container on the roller comprises multiple pairs of longitudinally-spaced or adjoining

guide members.

6. An apparatus according to any one of the preceding claims, wherein the means for
moving the rotating container through the vacuum chamber along the roller comprises a

piston (68) arranged to push the container into the vacuum chamber.

7.  An apparatus according to any one of the preceding claims, further comprising means

(64, 68) for introducing the container into the input end of the vacuum chamber.

8.  An apparatus according to claim 7, wherein the means for introducing the container

into the input end of the vacuum chamber comprises:

a loading module (30) having a first end for receiving the container and a second
end adjacent to the input end of the vacuum chamber;

a loading, airlock door (34) separating the loading module from the input end of

the vacuum chamber; and

a piston (68) arranged to push the container from the loading module into the

vacuum chamber.

9.  An apparatus according to any one of the preceding claims, further comprising means

(66, 70) for removing the container from the vacuum chamber at the discharge end.

10. An apparatus according to claim 9, wherein the means for removing the container

from the vacuum chamber at the discharge end thereof comprises:

a discharge module (32) having a first end adjacent to the discharge end of the

vacuum chamber and a second end;

an unloading, airlock door (36) separating the discharge module from the

discharge end of the vacuum chamber; and

10
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a piston (70) arranged to pull the container from the vacuum chamber into the

discharge module.

11.  An apparatus according to claim 8 or claim 10, wherein the container has a closed
end (54), a removable lid (58) at the opposite end, and means for connecting the respective

pistons to the closed end and the removable lid.

12.  An apparatus according to any one of the preceding claims, wherein spur gear teeth

of the roller extend along the entire length of the outer circumferential surface thereof.

13. An apparatus according to any one of claims 1 to 11, wherein the spur gear teeth of
the roller extend intermittently along the length of the outer circumferential surface thereof,
the roller having alternating sections of circumferential surfaces with spur gear teeth and

sections with smooth circumferential surfaces.
14. A method for dehydrating an organic material, comprising the steps of:

(a) reducing pressure within a vacuum chamber (22) to a pressure less than

atmospheric;
(b) introducing a container (24) of the organic material into the vacuum chamber;

(c) supporting the container on a single roller (42) within the vacuum chamber, with

spur gear teeth (46) on the roller meshing with spur gear teeth (60) on the container;

(d) rotating the roller, causing the spur gear teeth on the roller to engage with the spur

gear teeth on the container and thereby rotate the container;

(e) moving the rotating container through the vacuum chamber supported on the

roller, while applying microwave radiation to dehydrate the organic material; and
(f) removing the container of dehydrated organic material from the vacuum chamber.

15. A method according to claim 14, wherein the container inside the vacuum chamber is

rotated about a horizontal axis.

11
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