wo 2016/113807 A1 [N I 0000 0000 RO

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/113807 Al

21 July 2016 (21.07.2016) WIPO I PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
A61L 2/08 (2006.01) B29C 49/06 (2006.01) kind of national protection available): AE, AG, AL, AM,
AG1L 2/20 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
21) International Apolication Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
PCT/JP2015/006340 HN, HR, HU, ID, IL, I, IR, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
21 December 2015 (21.12.2015) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
. PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(25) Filing Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(26) Publication Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (uniess otherwise indicated, for every
62/103,185 14 January 2015 (14.01.2015) Us kind Of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(71) Applicant: HITACHI ZOSEN CORPORATION TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
[JP/IP];, 7-89, Nanko-kita 1-chome, Suminoe-ku, Osaka- TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
shi, Osaka, 5598559 (JP). DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
, . LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
(72) Inventor: Bakhtari, Kaveh. SM. TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN., GQ.
(74) Agent: MORIMOTO INT'L PATENT OFFICE; ORIX GW, KM, ML, MR, NE, SN, TD, TG).
Hommachi Bldg. 4th Floor, 4-1, Nishi-Honmachi 1-chome, Published:

Nishi-ku, Osaka-shi, Osaka, 5500005 (JP).

with international search report (Art. 21(3))

(54) Title: ELECTRON BEAM STERILIZATION EQUIPMENT WITH A SELF-GENERATED STERILE-IN-PLACE UNIT

|Fig. 1]

Y Dzore Generating

Somponiang

8§

S
<
i

; Oonvral Unix E

(57) Abstract: Electron beam sterilization equipment (1)
sterilizes a sterilization object (O), e.g., a preform (P) by
exposure to electron cloud (C) formed using an electron
beam (E). It (1) includes an electron beam generator (3)
that generates the electron beam (F) into electron cloud
(C) and a housing (5) that accommodates the electron
beam generator (3). It (1) further includes an ozone gener-
ating component (2) and a drive unit (7) that are stored in
the housing (5), and a control unit (6). The ozone generat-
ing component (2) is located in a position so as to enable
surface interaction with the electron cloud (E) when the
preform (P) is not sterilized. The surface interaction gen-
erates secondary electrons, consequently ozone generation
is significantly enhanced using the secondary electrons.
The drive unit (7) moves the ozone generating component
to the location while the control unit (6) controls ozone in
the housing (5).
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Description

Title of Invention: ELECTRON BEAM STERILIZATION

EQUIPMENT WITH A SELF-GENERATED STERILE-

IN-PLACE UNIT
Technical Field

The present invention relates to electron beam sterilization equipment that sterilizes

containers for foods, beverages, and pharmaceutical with electron beams.

Background Art

Packaging materials are sterilized by different methods in order to deactivate or
destroy microorganisms and bioburdens contained in the packages during forming and
transport through the machine prior to filling. Each method provides different levels of
sterility. The level of sterility of the machine components as well as the containers
plays an important role in the consumer product safety. The product composition,
container material, storage condition before consumption and the shelf life are some of
the parameters to consider for identifying the requirement for level of sterility and ster-
ilization process.

Therefore, choosing the right method of sterilization by the beverage, food and phar-
maceutical industries, is of great importance.

At present, devices using electron beams instead of chemicals for sterilization are
adopted to sterilize containers. Electron beam sterilization equipment including such a
device is free of chemicals and thus leaves no chemicals in sterilized containers,
achieving high safety.

However, like other kinds of sterilization equipment, typical electron beam ster-
ilization equipment needs to be stopped every several days during a normal operation
so as to be sterilized with chemicals during sterilizing in place (SIP), a process for
automatic sterilization without major disassembly and assembly work. Thus, in a strict
sense, chemicals are used in the electron beam sterilization equipment and a risk that
the chemicals could be left in sterilized containers or seeping through the container
walls cannot be completely eliminated.

Thus, currently, as electron beam sterilization equipment that requires no chemicals
in the sterilization of the equipment, the proposed equipment is sterilized using ozone

generated by electron beams (e.g., Patent Literature 1).
Citation List

Patent Literature
Patent Literature 1: U.S. Patent No. 8373138, Description
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Summary of Invention

Technical Problem

[0007]  The sterilization of the equipment requires an ozone concentration of several
thousands of ppm. On the other hand, in the equipment of Patent Literature 1, electron
beams (primary electrons) are directly emitted to gas and thus have an insufficient
ozone concentration of several hundreds of ppm. For this reason, in the case of the
above equipment, in order to generate ozone with a concentration required for the ster-
ilization of the equipment, electron beams emitted in the equipment need to be con-
siderably intensified, that considerably exceed an intensity level required for container
sterilization (normal operation). Electron beams emitted with this intensity may ex-
cessively generate X-rays harmful to a human body, reducing safety. Thus, the safety
of the above equipment requires a large shield for blocking the above excessive X-
rays, leading to a complicated configuration.

An object of the present invention is to provide electron beam sterilization equipment
that can improve safety with a simple configuration for chemical-free sterilization of
the equipment.

Solution to Problem

[0008]  In order to solve the problem, electron beam sterilization equipment according to a
first invention is electron beam sterilization equipment that sterilizes a sterilization
object by exposure to electron cloud formed using an electron beam,

the electron beam sterilization equipment comprising:

an electron beam generator that generates the electron beam into the electron cloud;

an ozone generating component located in a position so as to enabled surface in-
teraction with the electron cloud when the sterilization object is not sterilized, the
ozone generating component generating secondary electrons, electrons generated as
ionization products called 'secondary’ because they are generated by other radiation
(the primary radiation), using the surface interaction and then significantly enhancing
the ozone generation using the secondary electrons;

a drive unit that changes a positional relationship between the electron beam
generator and the ozone generating component with a relative movement, the po-
sitional relationship being changed from a state in which the ozone generating
component does not interfere with the sterilization of the sterilization object to a state
in which the surface interaction with the electron cloud on the ozone generating
component is capable of being enabled;

a housing that accommodates the electron beam generator, the ozone generating
component, and the drive unit; and

a control unit that controls ozone in the housing.
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Electron beam sterilization equipment according to a second invention, in the
electron beam sterilization equipment according to the first invention, wherein the
ozone generating component has a surface that exhibits the surface interaction with the

electron cloud, the surface having an irregular shape and/or a through hole.
Electron beam sterilization equipment according to a third invention, in the electron

beam sterilization equipment according to the first invention, further comprising a tem-
perature regulator that adjusts a temperature of a surface of the ozone generating
component, the surface exhibiting the surface interaction with the electron cloud.

Electron beam sterilization equipment according to a fourth invention, wherein the
sterilization object of the electron beam sterilization equipment according to any one of
the first to third inventions has an inner surface that is accessible through an opening,

the electron beam generator includes an internal electron beam generator that exposes
the inner surface of the sterilization object to the electron cloud,

the internal electron beam generator has a nozzle that is inserted into the opening of
the sterilization object so as to generate the electron cloud from a transmission window
on a distal end of the nozzle,

the ozone generating component is shaped like a cup with a side part and a bottom
part so as to cover the transmission window of the nozzle inside the bottom part,

the surface interaction with the electron cloud on the ozone generating component so
as to be enabled is located in a position to cover the transmission window of the nozzle
inside the bottom part, and

the drive unit retracts the ozone generating component relative to the nozzle so as to
allow convection of generated ozone.

Electron beam sterilization equipment according to a fifth invention, wherein the
electron beam generator of the electron beam sterilization equipment according to any
one of the first to third inventions includes an external electron beam generator that
exposes an outer surface of the sterilization object to the electron cloud,

the ozone generating component is shaped so as to cover the external electron beam
generator, and

the surface interaction with the electron cloud on the ozone generating component so
as to be enabled is located in a position between the sterilization object with the outer
surface exposed to the electron cloud and the external electron beam generator,

the electron beam sterilization equipment further including a fan for convection of
ozone between the ozone generating component and the external electron beam

generator.
Advantageous Effects of Invention

According to the electron beam sterilization equipment, sterilizing in place can be



WO 2016/113807 PCT/JP2015/006340

[0014]

[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

[0021]

[0022]

[0023]
[0024]

[0025]

[0026]

performed using ozone generated without setting the intensity of an electron beam con-
siderably higher than in a normal operation. This can improve safety with a simple
configuration for chemical-free sterilization of the equipment.

Brief Description of Drawings

FIG. 1 is a schematic diagram in a normal operation of electron beam sterilization
equipment according to an embodiment of the present invention.

FIG. 2 is a schematic diagram in an operation of sterilizing in place (SIP) in the
electron beam sterilization equipment.

FIG. 3 is a plane cross section showing the overall configuration of the electron beam
sterilization equipment according to an example of the present invention.

FIG. 4 is a plane cross section showing an external electron beam generator and a
plate component in an SIP operation in the electron beam sterilization equipment.

FIG. 5 is a side cross section showing an internal-sterilization turning table and an
internal electron beam generator in a normal operation of the electron beam ster-
ilization equipment.

FIG. 6 is a partially cut enlarged view of the lower part of an emitter in an SIP
operation of the electron beam sterilization equipment.

FIG. 7 is a partially cut enlarged view showing that ozone is generated by a
movement of a cup component in an SIP operation of the electron beam sterilization
equipment.

FIG. 8 is a partially cut enlarged view showing convection of ozone according to a
movement of the cup component in an SIP operation of the electron beam sterilization
equipment.

FIG. 9 is a block diagram showing a control unit in the electron beam sterilization
equipment.

FIG. 10 is a plane cross section of another configuration of the plate component.

FIG. 11 is an enlarged side sectional view of another configuration of the cup
component.

Description of Embodiments

Electron beam sterilization equipment according to an embodiment of the present
invention will be described below with reference to the accompanying drawings.
Referring to FIG. 1, the technical idea of the electron beam sterilization equipment will
be first discussed below.

As shown in FIG. 1, in the electron beam sterilization equipment, a sterilization
object O is sterilized by exposure to electron cloud C formed by an electron beam E.
An electron beam sterilization equipment 1 includes an electron beam generator 3 that

generates the electron beam E into the electron cloud C, an ozone generating
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component 2 that generates ozone using surface interaction with the electron cloud C, a
drive unit 7 that relatively moves the electron beam generator 3 and the ozone
generating component 2, and a housing 5 that accommodates the electron beam
generator 3, the ozone generating component 2, and the drive unit 7. The electron
beam sterilization equipment 1 further includes a control unit 6 that controls ozone in
the housing 5. The drive unit 7 adjusts the positional relationship between the electron
beam generator 3 and the ozone generating component 2 so as not to prevent the ster-
ilization object O from being sterilized and enables the surface interaction as shown in
FIG. 2 when the sterilization object O is not sterilized. The ozone generating
component 2 generates secondary electrons using the surface interaction and causes the
generated secondary electrons to react with oxygen contained in gas in the housing 5,
which generates ozone. The ozone generating component 2 reacts with, for example,
oxygen ions generated by the action of the electron cloud C and ultraviolet rays (e.g.,
catalytic reaction), accelerating the ozone generation. The ozone generating component
2 is made of materials such as tungsten, titanium oxide, and/or zinc oxide. Alter-
natively, the ozone generating component 2 may be made of materials such as tungstic
oxide, titanium, and/or ceramic. In this case, the surface interaction with the electron
cloud C can be enabled in a position within the maximum range of electrons con-
stituting the electron cloud C and in a position where the electron beam generator 3
(specifically, the transmission window of the electron beam E, which will be discussed
in the following embodiment) is not damaged by electrons reflected from the ozone
generating component 2. The maximum range varies according to a voltage for
generating the electron beam E. For example, when the voltage is 125 kV, the
maximum range of electrons is about 150 mm. Moreover, the position where the
transmission window is not damaged by electrons reflected from the ozone generating
component 2 changes according to the state of convection between the transmission
window and the ozone generating component 2.

As shown in FIG. 1, the electron beam sterilization equipment 1 in a normal
operation sterilizes a container as the sterilization object O, a preform P or the like by
exposure to the electron cloud C. If the equipment needs to be sterilized after the
normal operation is continued for several days, the normal operation is switched to an
operation of sterilizing in place. The sterilizing in place does not need the disassembly
of the equipment, and is abbreviated as SIP (Sterilize In Place).

In an SIP operation, as shown in FIG. 2, the drive unit 7 moves the ozone generating
component 2 to a position where surface interaction with the electron cloud C can be
enabled. The electron beam E is then generated by the electron beam generator 3 into
the electron cloud C, accelerating the surface interaction. The electron beam E only

needs to be as intensive as an electron beam in a normal operation. Secondary
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electrons are generated from the ozone generating component 2 using the surface in-
teraction and then are caused to react with oxygen contained in gas in the housing 5,
which generates ozone. Moreover, the electron cloud C generates oxygen ions and ul-
traviolet rays using an action with the gas. The ozone generating component 2 located
at the position enables the generation of ozone using a reaction (e.g., a catalytic
reaction) with the oxygen ions and ultraviolet rays. In the housing 5, ozone is
controlled suitably for SIP by the control unit 6.

In this way, the electron beam sterilization equipment 1 includes the ozone
generating component 2, the drive unit 7, and the control unit 6, which are absent in
conventional electron beam sterilization equipment, allowing SIP using ozone
generated without setting the intensity of the electron beam E considerably higher than
in a normal operation. This can improve safety with a simple configuration for the
chemical-free sterilization of the equipment.

Example

The electron beam sterilization equipment 1 will be described below according to a
specific example of the embodiment. In this example, the sterilization object O
sterilized in a normal operation by the electron beam sterilization equipment 1 will be
described as the preform P.

As shown in FIG. 3, which is a plane cross section of the electron beam sterilization
equipment 1, the electron beam sterilization equipment 1 includes turning tables 10
that transport the preforms P, an external electron beam generator 32 that exposes the
outer surface of the transported preform P to electron cloud, an internal electron beam
generator (FIG. 5) 33 that exposes the inner surface of the transported preform P to
electron cloud, and the housing 5 that accommodates the turning tables 10 and the
electron beam generators 32 and 33.

As shown in FIG. 3, the turning tables 10 include an entrance turning table 11 that
receives the preform P from outside the housing 5, an external-sterilization turning
table 12 that receives the preform P from the entrance turning table 11 and expose the
outer surface of the preform P to the electron cloud of the external electron beam
generator 32, an internal-sterilization turning table (FIGS. 3 and 5) 13 that receives the
preform P from the external-sterilization turning table 12 and exposes the inner surface
of the preform P to the electron cloud of the internal electron beam generator 33, and
an exit turning table 14 that receives the preform P from the internal-sterilization
turning table 13 and delivers the preform P to outside the housing 5.

As shown in FIG. 3, the external electron beam generator 32 sterilizes the outer
surface of the preform P transported along a circular passage on the external-ster-
ilization turning table 12 with the outer surface thereof exposed to electron cloud. As

shown in FIG. 5, the internal electron beam generator 33 sterilizes the inner surface of
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the preform P transported along a circular passage on the internal-sterilization turning
table 13 with the inner surface thereof exposed to electron cloud. At positions where
surface interaction with the electron cloud C can be enabled on the electron beam
generators 32 and 33, a plate-type ozone generating component 92 (FIG. 4) and a cup-
shaped ozone generating component 82 (FIG. 6) are disposed respectively, which will
be specifically described later. The ozone generating components 92 and 82 generate
secondary electrons using the surface interaction and cause the generated secondary
electrons to react with oxygen contained in gas in the housing 5, which generates
ozone. Moreover, the ozone generating components 92 and 82 react with, for example,
oxygen ions generated by the action of the electron cloud C and ultraviolet rays (e.g.,
catalytic reaction), accelerating the ozone generation.

As shown in FIG. 3, the housing 5 has an inlet port 51 that receives the preform P
from the outside and an outlet port 54 that delivers the preform P to the outside. The
inlet port 51 and the outlet port 54 are provided with gates 61 and 64, respectively. The
gates 61 and 64 adjust the degrees of opening of the inlet port 51 and the outlet port 54
by using actuators or the like (not shown). The housing 5 contains fans 62 and 63 for
the convection of ozone. In order to obtain efficient convection of ozone in the housing
5, the fans 62 and 63 are installed at positions where an ozone concentration is
relatively high during SIP.

The electron beam sterilization equipment 1 includes a monitor 69 that monitors the
concentrations of oxygen and ozone in the housing 5, an oxygen feeder 65 that
supplies oxygen into the housing 5, and a temperature regulator 66 that adjusts the
temperatures of the ozone generating components 92 and 82. The concentrations of
oxygen and ozone in the housing 5 are monitored through the monitor 69 because the
housing 5 needs to have an internal state suitable for the generation and use of ozone.
The oxygen feeder 65 supplies oxygen into the housing 5 because ozone is efficiently
generated with secondary electrons by increasing the concentration of oxygen in the
housing 5. The oxygen feeder 65 supplies impurities such as nitrogen as well as pure
oxygen into the housing 5 in order to more efficiently generate ozone using a catalytic
reaction. The temperature regulator 66 adjusts the temperatures of the ozone generating
components 92 and 82 so as to cool the ozone generating components 92 and 82 in
contact with generated ozone. This prevents dissociation caused by heat from
generated ozone, thereby efficiently generating ozone. In order to cool the ozone
generating components 92 and 82 (at least the surfaces exhibiting surface interaction),
the temperature regulator 66 also has the function of supplying a refrigerant to re-
frigerant passages 93 and 83 (will be discussed later) formed in the ozone generating
component 92 (FIG. 4) and near the ozone generating component 82 (FIG. 6).

The electron beam sterilization equipment 1 includes a controller 70 that controls the
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gates 61 and 64, the fans 62 and 63, the oxygen feeder 65, the temperature regulator
66,and a drive unit 67 (with a configuration corresponding to the drive unit 7 of the
present embodiment, will be discussed later) based on data from the monitor 69. The
gates 61 and 64, the fans 62 and 63, the oxygen feeder 65, the temperature regulator
66, and the drive unit 67 will be referred to as control devices 61 to 67. The control
devices 61 to 67 and the controller 70 constitute the control unit 6 of the present em-
bodiment.

The ozone generating components 92 and 82, a subject matter of the present invention,
will be specifically described below.

First, the plate-type ozone generating component 92 (hereinafter will be abbreviated as
the plate component 92) will be discussed below.

As shown in FIG. 3, when the outer surface of the preform P is sterilized (normal
operation), the plate component 92 is located so as not to interfere with the ster-
ilization. As shown in FIG. 4, when the outer surface of the preform P is not sterilized
(SIP operation), the plate component 92 is located between the external-sterilization
turning table 12 and the external electron beam generator 32. The position is changed
by a drive unit (not shown, an example of the drive unit 7 shown in FIGS. 1 and 2). As
shown in FIG. 4, the plate component 92 has the refrigerant passage 93 formed that
allows the passage of a refrigerant. The refrigerant passage 93 allows the passage of a
refrigerant so as to cool the surface of the plate component 92 near the external
electron beam generator 32. The plate component 92 exhibits surface interaction with
the electron cloud C near the external electron beam generator 32. The surface near the
external electron beam generator 32 is shaped like a mesh or a honeycomb (an example
of an irregular shape) to increase an area for the surface interaction. As shown in FIG.
4, a limited space is formed between the external electron beam generator 32 and the
surface of the plate component 92 near the external electron beam generator 32,
allowing surface interaction with electron cloud on the plate component 92 to generate
ozone in the space. The ozone is discharged from the space with the fan 63. In other
words, the fan 63 allows the convection of ozone.

The internal-sterilization turning table 13 having the cup-shaped ozone generating
component 82 (hereinafter will be abbreviated as the cup component 82) and the cup
component 82 will be discussed below.

As shown in FIG. 3, the internal-sterilization turning table 13 includes a rotating
circular table plate 21 and grippers 8 spaced at regular intervals on the outer edge of
the circular table plate 21. Specifically, the internal-sterilization turning table 13
transports the preforms P, which are held by the grippers 8, along the circular passage
by rotating the circular table plate 21. As shown in FIG. 5, the internal-sterilization

turning table 13 includes a mount plate 22 that is disposed in parallel with and above
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the circular table plate 21 and a rotating shaft 23 that is connected to the center of
rotation of the circular table plate 21 and the mount plate 22. The mount plate 22 has
an emitter 34 disposed immediately above the gripper 8 so as to constitute the internal
electron beam generator 33. The internal-sterilization turning table 13 includes
elevating components 24, each moving up and down the gripper 8. The elevating
component 24 lifts the gripper 8 so as to expose the inner surface of the preform P held
by the gripper 8 to the electron cloud of the internal electron beam generator 33. The
elevating component 24 lowers the gripper 8 so as to deliver the preform P to a gripper
9 of the exit turning table 14. Furthermore, the mount plate 22 has the drive unit 67 (an
example of the drive unit 7 shown in FIGS. 1 and 2) that can move the cup component
82. When the inner surface of the preform P is sterilized (in a normal operation), the
drive unit 67 retracts the cup component 82 to a position where the sterilization is not
prevented. When the inner surface of the preform P is not sterilized (in an SIP
operation), the drive unit 67 moves the cup component 82 close to the lower end (distal
end) of a nozzle 36.

The emitter 34, the drive unit 67, and the cup component 82 that constitute the internal
electron beam generator 33 will be described below.

As shown in FIG. 6, the lower part of the emitter 34 includes a vacuum chamber 35
that is placed on the mount plate 22 and is internally kept in a vacuum and the
cylindrical nozzle 36 that is extended downward from the vacuum chamber 35. The
vacuum chamber 35 contains an electron beam source (not shown) that generates
numerous electrons to be accelerated downward. The numerous electrons to be ac-
celerated downward, that is, the electron beam E is formed into a long and narrow
shape by an electron beam shaper (e.g., an electrostatic lens, not shown). The extended
electron beam E is formed so as to converge and then diffuse in the nozzle 36. The
interior of the nozzle 36 communicates with the vacuum chamber 35 and is placed in a
vacuum atmosphere. The lower end (distal end) of the nozzle 36 has a transmission
window 37 that transmits the electron beam E into the electron cloud C. In other
words, the nozzle 36 receives the electron beam E from the vacuum chamber 35 and
then emits the electron beam E from the transmission window 37 into the electron
cloud C.

As shown in FIG. 6, the drive unit 67 supports the cup component 82 and can retract
the cup component 82 with respect to the nozzle 36. The drive unit 67 further includes
the refrigerant passage 83 that allows the passage of a refrigerant. The passage of a re-
frigerant through the refrigerant passage 83 cools the inner surface of the cup
component §2. Meanwhile, the cup component 82 includes a side part 82s and a
bottom part 82b and exhibits surface interaction with the electron cloud C mainly
inside the bottom part 82b. The inner surface of the bottom part 82b is shaped like a
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mesh or a honeycomb (an example of an irregular shape) to increase an area for the
surface interaction with the electron cloud C. As shown in FIGS. 7 and 8, the retraction
allows the cup component 82 to repeatedly move to a covering position/uncovering
position for the lower end (distal end) of the nozzle 36. At the covering position, the
lower end (distal end) of the nozzle 36 is inserted into the cup component 82, whereas
at the uncovering position, the lower end (distal end) of the nozzle 36 is not inserted
into the cup component 82. At the covering position, as shown in FIG. 7, a limited
space is formed between the transmission window 37 and the bottom part 82b,
allowing surface interaction with the electron cloud C in the cup component 82 to
generate ozone in the space. Meanwhile, at the uncovering position, as shown in FIG.
8, the movement of the cup component 82 guides ambient gas into the cup component
82, discharging ozone around the cup component §2 from the inside. In other words,
the retraction allows the convection of ozone.

The controller 70 constituting the control unit 6 will be specifically described below.

As shown in FIG. 9, the controller 70 includes a switching unit 71 that switches
between a normal operation/SIP operation in the electron beam sterilization equipment
1, a deciding unit 72 that receives data on the internal state of the housing 5 from the
monitor 69 and makes a decision to change the state suitably for SIP, and an indicating
unit 73 that indicates instructions to the control devices 61 to 67 based on contents de-
termined in the deciding unit 72.

The operation of the electron beam sterilization equipment 1 will be described below.

A normal operation, that is, an operation for sterilizing the preform P will be first
discussed below.

As shown in FIG. 3, the preform P is delivered to the entrance turning table 11 from
outside the housing 5 through the inlet port 51 adjusted to an opening of 100% by the
gate 61, and then the preform P is delivered to the external-sterilization turning table
12. The preform P delivered to the external-sterilization turning table 12 is externally
exposed to electron cloud from the external electron beam generator 32, and then the
preform P is delivered to the internal-sterilization turning table 13. The preform P
delivered to the internal-sterilization turning table 13 is internally exposed to electron
cloud from the internal electron beam generator 33, and then the preform P is delivered
to the exit turning table 14. In this case, as shown in FIGS. 3 and 5, the ozone
generating components 92 and 82, that is, the plate component 92 and the cup
component 82 are located so as not to interfere with sterilization on the outer and inner
surfaces of the preform P. This does not interfere with the sterilization and suppresses
the generation of unwanted ozone from the ozone generating components 92 and 82 in
a normal operation. The preform P delivered to the exit turning table 14 is delivered to

outside the housing 5 through the outlet port 54 adjusted to an opening of 100% by the
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gate 64.
The operation of SIP, that is, an operation for sterilizing the equipment will be
discussed below.

When a normal operation is switched to an SIP operation by the switching unit 71
shown in FIG. 9, the indicating unit 73 indicates instructions to the control devices 61
to 67 and the electron beam generators 32 and 33 in response to a decision of the
deciding unit 72. These instructions reduce the openings of the inlet port 51 and the
outlet port 54 at the gates 61 and 64, supply oxygen containing impurities such as
nitrogen into the housing 5 from the oxygen feeder 65, and cause the drive unit 67 to
locate the plate component 92 and the cup component 82 (that is, the ozone generating
components 92 and 82) at positions where surface interaction with the electron cloud C
can be enabled. In response to these instructions, the electron beam generators 32 and
33 generate the electron beams E into the electron cloud C and then surface interaction
between the electron cloud C and the plate component 92 and the cup component 82 is
enabled so as to generate ozone. Moreover, in response to these instructions, the fans
62 and 63 are started and the drive unit 67 retracts the cup component 82 with respect
to the nozzle 36, allowing the convection of generated ozone. Furthermore, in response
to these instructions, the temperature regulator 66 supplies a refrigerant to the re-
frigerant passages 93 and 83 and cools the plate component 92 and the cup component
82, preventing dissociation caused by heat from generated ozone. This can efficiently
generate ozone.

At this point, the concentrations of oxygen and ozone in the housing 5 are monitored
by the monitor 69. The deciding unit 72 makes a decision based on data on the concen-
trations obtained by monitoring. Based on the decision result, the control devices 61 to
67 and the electron beam generators 32 and 33 are controlled in response to in-
structions from the indicating unit 73 such that the internal state of the housing 5 is
suitable for the generation and use of ozone. The control involves, for example, the
start/stop of the oxygen feeder 65 and the electron beam generators 32 and 33.

As described above, according to the electron beam sterilization equipment 1 of the
example, SIP can be performed using ozone generated without setting the intensity of
the electron beam E considerably higher than in a normal operation. This can improve
safety with a simple configuration for chemical-free sterilization of the equipment.

Moreover, the surfaces exhibiting surface interaction with the electron cloud C on the
ozone generating components 92 and 82 are shaped like meshes or honeycombs (an
example of an irregular shape), increasing an area for the surface interaction. This can
efficiently generate ozone so as to efficiently sterilize the equipment. It is needless to
say that the surfaces may have irregular shapes other than meshes or honeycombs.

Furthermore, the temperature regulator 66 cools at least the surfaces exhibiting
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surface interaction on the ozone generating components 92 and 82. This can efficiently
generate ozone so as to efficiently sterilize the equipment.

Additionally, the monitor 69, the control devices 61 to 67, and the controller 70
adjust the internal state of the housing 5 suitably for the generation and use of ozone,
thereby efficiently sterilizing the equipment.

In this example, the plate component 92 and the cup component 82 having no holes
(through holes) are illustrated. As shown in FIGS. 10 and 11, holes 92h and 82h
(through holes) may be formed. The holes 92h and §2h facilitate flowing of ambient
gas into a space for generating ozone. This allows the efficient convection of ozone so
as to efficiently sterilize the equipment.

In this example, the gates 61 and 64, the fans 62 and 63, the oxygen feeder 65, the
temperature regulator 66, and the drive unit 67 are discussed as the control devices 61
to 67. These components are merely exemplary and thus proper configurations are
used as necessary.

Moreover, this example describes the refrigerant passages 93 and 83 that are formed
in the plate component 92 (FIG. 4) and near the cup component 82 (FIG. 6), re-
spectively, in order to cool the plate component 92 and the cup component 82 (that is,
the ozone generating components 92 and 82). The cooling method is not particularly
limited and thus other cooling methods such as impingement cooling may be used.

Additionally, this example describes the two ozone generating components 92 and 82
of the plate component 92 and the cup component 82. Only one of the ozone

generating components may be used.
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Claims

Electron beam sterilization equipment that sterilizes a sterilization
object by exposure to electron cloud formed using an electron beam,
the electron beam sterilization equipment comprising:

an electron beam generator that generates the electron beam into the
electron cloud;

an ozone generating component located in a position so as to enable
surface interaction with the electron cloud when the sterilization object
is not sterilized, the ozone generating component generating secondary
electrons using the surface interaction and then generating ozone using
the secondary electrons;

a drive unit that changes a positional relationship between the electron
beam generator and the ozone generating component with a relative
movement, the positional relationship being changed from a state in
which the ozone generating component does not interfere with the ster-
ilization of the sterilization object to a state in which the surface in-
teraction with the electron cloud on the ozone generating component is
capable of being enabled;

a housing that accommodates the electron beam generator, the ozone
generating component, and the drive unit; and

a control unit that controls ozone in the housing.

The electron beam sterilization equipment according to claim 1,
wherein the ozone generating component has a surface that exhibits the
surface interaction with the electron cloud, the surface having an
irregular shape and/or a through hole.

The electron beam sterilization equipment according to claim 1, further
comprising a temperature regulator that adjusts a temperature of a
surface of the ozone generating component, the surface exhibiting the
surface interaction with the electron cloud.

The electron beam sterilization equipment according to any one of
claims 1 to 3, wherein the sterilization object has an inner surface that
is accessible through an opening,

the electron beam generator includes an internal electron beam
generator that exposes the inner surface of the sterilization object to the
electron cloud,

the internal electron beam generator has a nozzle that is inserted into

the opening of the sterilization object so as to generate the electron
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cloud from a transmission window on a distal end of the nozzle,

the ozone generating component is shaped like a cup with a side part
and a bottom part so as to cover the transmission window of the nozzle
inside the bottom part,

the surface interaction with the electron cloud on the ozone generating
component so as to be enabled is located in a position to cover the
transmission window of the nozzle inside the bottom part, and

the drive unit retracts the ozone generating component relative to the
nozzle so as to allow convection of generated ozone.

The electron beam sterilization equipment according to any one of
claims 1 to 3, wherein the electron beam generator includes an external
electron beam generator that exposes an outer surface of the ster-
ilization object to the electron cloud,

the ozone generating component is shaped so as to cover the external
electron beam generator, and

the surface interaction with the electron cloud on the ozone generating
component so as to be enabled is located in a position between the ster-
ilization object with the outer surface exposed to the electron cloud and
the external electron beam generator,

the electron beam sterilization equipment further including a fan for
convection of ozone between the ozone generating component and the

external electron beam generator.
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