wo 20207165563 A1 | NI 0000 KO0 0 00 0 0 0

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2020/165563 Al

20 August 2020 (20.08.2020) WIRPOIPCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
B04C 5/185 (2006.01) B04C 9/00 (2006.01) kind of national protection available). AE, AG, AL, AM,
B04C 5/28 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
PCT/GB2020/050294 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,
(22) International Filing Date: KR, KW KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
10 February 2020 (10.02.2020) 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,
(25) Filing Language: English SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
(26) Publication Language: English TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (unless otherwise indicated, for every
1901954.6 13 February 2019 (13.02.2019) GB kind of regional protection available). ARIPO (BW, GH,
. . GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
(71) Appllcant: EDWARDS LIMITED [GB/GB]; Innovation UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
Drive, Burgess Hill Sussex RH15 9TW (GB). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(72) Inventors: DAVIES, Trevor James, Edwards Limited, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Kenn Business Park, Kenn Road, Clevedon Somerset BS21 MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
6TH (GB). LAMPERT, Harry William Michael, Ed- TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
wards Limited, Kenn Business Park, Kenn Road, Clevedon KM, ML, MR, NE, SN, TD, TG).
Somerset BS21 6TH (GB).
(74) Agent: NORTON, Ian, Edwards Limited, Innovation Dri-
ve, Burgess Hill Sussex RH15 9TW (GB).
(54) Title: CYCLONE SEPARATOR APPARATUS

10 120

(57) Abstract: Apparatus for a cyclone separator are disclosed. A collec-
tion tray (50) for an abatement apparatus cyclone separator (10) operable
to separate particles from a processing tool effluent stream, the collection
tray comprising: sidewalls; and an inclined floor positionable to receive the
particles from a plurality of cyclone separators (30) locatable above the col-
lection tray and to convey the particles to a drain aperture. In this way, the
accumulation of particles in the vicinity of the cyclone separators is reduced
which helps to prevent the operation of the cyclone separators from being
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CYCLONE SEPARATOR APPARATUS

FIELD OF THE INVENTION
The field of the invention relates to apparatus for a cyclone separator.

BACKGROUND
Abatement apparatus cyclone separators are known. Such cyclone separators

are used for removing particulate matter from an effluent stream being processed
by an abatement apparatus. Such abatement apparatus are typically used for
treating an effluent gas stream from a manufacturing process tool used in, for
example, the semiconductor or flat panel display manufacturing industry. During
such manufacturing, residual perfluorinated compounds (PFCs) and other
compounds exist in the effluent gas stream pumped from the process tool. PFCs
are difficult to remove from the effluent gas and their release into the environment
is undesirable because they are known to have relatively high greenhouse
activity. Known abatement apparatus use combustion to remove the PFCs and
other compounds from the effluent gas stream. Typically, the effluent gas stream
is a nitrogen stream containing PFCs and other compounds. A fuel gas is mixed
with the effluent gas stream and that gas stream mixture is conveyed into a
combustion chamber that is laterally surrounded by the exit surface of a
foraminous gas burner. Fuel gas and air are simultaneously supplied to the
foraminous burner to affect flameless combustion at the exit surface, with the
amount of air passing through the foraminous burner being sufficient to consume
not only the fuel gas supplied to the burner, but also all the combustibles in the

gas stream mixture injected into the combustion chamber.

Although such abatement apparatus cyclone separators help to separate the
particles from the effluent stream, their use can have unexpected consequences.
Accordingly, it is desired to provide an improved abatement apparatus cyclone

separator.
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SUMMARY

According to a first aspect, there is provided a collection tray for an abatement
apparatus cyclone separator operable to separate particles from a processing
tool effluent stream, the collection tray comprising: sidewalls; and an inclined floor
positionable to receive the particles from a plurality of cyclone separators
locatable above the collection tray and to convey the particles to a drain aperture.

The first aspect recognizes that a problem with existing abatement apparatus
cyclone separators is that particles separated from the effluent stream and exiting
an outlet of a cyclone separator can accumulate near the outlet and eventually
block or impair the outlet which affects the operation of the cyclone separators.
Accordingly, a collection tray may be provided. The collection tray may be an
abatement apparatus cyclone separator collection tray. The collection tray may
comprise side walls. The collection tray may comprise a sloped or inclined floor
which may be positioned to receive or accept particles exiting from cyclone
separators located or positioned with the collection tray. The inclined floor may
convey or transport the particles to a drain for removal from the collection tray. In
this way, the accumulation of particles in the vicinity of the cyclone separators is
reduced which helps to prevent the operation of the cyclone separators from
being impaired.

In one embodiment, a height of the inclined floor for adjacent cyclone separators
differs. Accordingly, the inclined floor may slope along its length so that the
height difference between the floor and a cyclone separator varies between the

cyclone separators.

In one embodiment, the height varies one of linearly and non-linearly.

Accordingly, the height may vary constantly or the floor may curve.

In one embodiment, a surface of the inclined floor is one of planar and non-

planar. Accordingly, the floor may be flat or ridged.
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In one embodiment, the drain aperture is located where the height is lowest.
Accordingly, the drain apertures may be positioned at a low point of the floor.

In one embodiment, the tray is annular. The tray may be annular to match the

positioning of the separator cyclones.

In one embodiment, the sidewalls comprise an inner cylinder separated from a

concentric outer cylinder by the inclined floor.

In one embodiment, the inclined floor is inclined between the inner cylinder and
the outer cylinder. Accordingly, the floor may be inclined radially as well as or

instead of being inclined circumferentially.

In one embodiment, the collection tray comprises a plurality of the drains, each
positioned circumferentially around the inclined floor.

In one embodiment, the collection tray comprises a lid having sealable apertures
for receiving a corresponding one of the plurality of cyclone separators.

Providing a lid helps to prevent interaction between the space within the collector
tray and other fluids flowing within the abatement apparatus cyclone separator.

According to a second aspect, there is provided a cleaner for an abatement
apparatus cyclone separator operable to separate particles from a processing
tool effluent stream, the cleaner comprising: a mechanism activatable to interact
with fluid flow within the cyclone separator to dislodge gathered particles within

the cyclone separator.

The second aspect recognizes that particle accumulation may occur at other
locations within the cyclone separator which may impair its operation.
Accordingly, an abatement apparatus cyclone separator cleaner may be
provided. The cleaner may comprise a mechanism or assembly which may
interact with or vary fluid flow within the cyclone separator. This interaction may



10

15

20

25

30

WO 2020/165563 PCT/GB2020/050294

-4 -

dislodge or displace particles accumulating within the cyclone separator. In this
way, the accumulation of particles within the cyclone separator is reduced which
helps to prevent the operation of the cyclone separators from being impaired.

In one embodiment, the mechanism comprises a nozzle operable to spray fluid
into an inlet of the cyclone separator. Accordingly, the nozzle may spray or inject
fluid into the inlet of the cyclone separator. Injecting the fluid into the inlet of the
cyclone separator enables the fluid to flow within the cyclone separator to help

wash out accumulating particles.

In one embodiment, the abatement apparatus cyclone separator comprises a
plurality of cyclone separators and the nozzle comprises plurality of outlets, each
operable to spray a fluid into an inlet of one of the plurality of cyclone separators.
Accordingly, a number of outlets may be provided in the nozzle in order to inject
fluid into each inlet of an associated cyclone separator. This enables multiple

cyclone separators to be washed using a common nozzle.

In one embodiment, the nozzle is operable to spray the fluid into the inlets one of
consecutively and simultaneously. Accordingly, each cyclone separator may be
washed individually or together.

In one embodiment, the plurality of cyclone separators are arranged
circumferentially and the nozzle is rotatable to spray the fluid into each of the
inlets consecutively. Accordingly, the nozzle may rotate in order to deliver the

fluid to each cyclone separator in turn.

In one embodiment, the mechanism comprises a restrictor operable to restrict
fluid flow from an outlet of the cyclone separator. Accordingly, a restrictor or
baffle may be provided which restricts or impairs fluid flow from the cyclone
separator. Such a restriction in fluid flow helps to create a pressure pulse within
the cyclone separator which helps to remove accumulating particles.
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In one embodiment, the restrictor comprises a member and an actuator
configured to translate the member between positions which cover and uncover
the outlet. Accordingly, the member may be moved to different positions to block
and unblock the outlet in order to generate the pressure pulse within the

separator cyclones.

In one embodiment, the actuator is configured to translate the member to
transiently cover the outlet.

In one embodiment, the abatement apparatus cyclone separator comprises a
plurality of cyclone separators and the actuator is configured to translate the
member between positions which cover and uncover each outlet of the cyclone

separators.

In one embodiment, the plurality of cyclone separators are arranged
circumferentially and the actuator is rotatable to convey the member across each

outlet of the cyclone separators.

In one embodiment, the actuator is configured to translate a plurality of the
members between positions which cover and uncover the outlet of a

corresponding cyclone separator.

In one embodiment, the actuator is operable to cover and uncover the outlets one

of consecutively and simultaneously.

According to a third aspect, there is provided an abatement apparatus cyclone
separator comprising the collection tray of the first aspect and its embodiments
and/or the cleaner of the second aspect and its embodiments.

Further particular and preferred aspects are set out in the accompanying
independent and dependent claims. Features of the dependent claims may be
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combined with features of the independent claims as appropriate, and in
combinations other than those explicitly set out in the claims.

Where an apparatus feature is described as being operable to provide a function,
it will be appreciated that this includes an apparatus feature which provides that
function or which is adapted or configured to provide that function.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be described further, with

reference to the accompanying drawings, in which:

Figure 1 illustrates an abatement apparatus cyclone separator according to one
embodiment;

Figure 2 illustrates a collector tray in more detalil;

Figure 3 illustrates the collector tray with a lid removed;

Figure 4 illustrates a nozzle mechanism 40 in more detail; and

Figure 5 is a cross-sectional view through the nozzle mechanism.

DESCRIPTION OF THE EMBODIMENTS

Overview

Before discussing the embodiments in any more detail, first an overview will be
provided. Some cyclone separators suffer from blockages when separating
gases from heavy or high particulate processes. For example, the particles
themselves may have a tendency to clump together or be ejected into an
environment where another fluid can cause the particles to build up in the vicinity
of the outlet of the separator cyclones. Also, the particles can gather within the
cyclone. Accordingly, a mechanism is provided which helps to prevent the build-
up and/or dislodge accumulated particles within the cyclone separator and/or at
its outlet. In one approach, the mechanism involves a receiving tray which is
located at the outlet of the separator cyclones. The outlet tray is shaped to
discourage the build-up of particles ejected from the outlets and convey the
particles to a drain for removal. Typically, the tray is provided with inclines which
facilitate movement of the particles away from the outlets towards the drain.



10

15

20

25

30

WO 2020/165563 PCT/GB2020/050294

-7-

Furthermore, the tray is typically enclosed in order to prevent other fluids being
used to pre-treat the effluent stream to be separated by the cyclone separators
from entering the tray or interacting with the outlets of the cyclone separators.
The mechanism may also or instead interact with or alter the fluid flow within the
cyclone separators to dislodge any accumulating particles. For example, a fluid
may be provided at an inlet of the cyclone separators which helps to wash out
particles accumulating within the cyclone separators. Likewise, an outlet of the
cyclone separators may be rapidly covered and/or uncovered in order to create a
transient pressure pulse within the cyclone separators, again to dislodge

accumulating particles.

Cyclone
Figure 1 illustrates an abatement apparatus cyclone separator 10 according to

one embodiment. Positioned within a casing 20 are a plurality of separator
cyclones 30. Located at one end of the separator cyclones 30 is a nozzle
mechanism 40. Located at another end of the separator cyclones 30 is a
collector tray 50. Positioned at the centre of the circumferentially-distributed

separator cyclones 30 is a water quench 60.

In operation, an effluent gas stream enters the casing 20 through an inlet 70 and
passes through a central aperture 80 provided in the collector tray 50. The
effluent stream passes through a water curtain 90 provided by the water quench
60 and is conveyed by the nozzle mechanism 40 to inlets of the separator
cyclones 30. Particles within the effluent stream are discharged through particle
outlets 100 of the separator cyclones 30 and the cleaned effluent gas exits the
separator cyclones 30 through a gas outlet 110. The cleaned effluent stream
then exits the abatement apparatus cyclone separator 10 through an outlet 120.

Collector Tray

Figure 2 illustrates the collector tray 50 in more detail. As can be seen, the
collector tray 50 forms an annular ring. The annular ring has an inner sidewall

130, a concentrically located outer sidewall 140, a lid 150 and a floor 160. The lid
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150 is provided with sealable apertures 170 which are shaped to receive at least
a portion of the separator cyclones 30 which define the particle outlets 100.
Locating the separator cyclones 30 within the sealable apertures 170 seals the
internal cavity of the collector tray 50 from the effects of the water curtain 90 and

any transiting fluid stream through the central aperture 80.

The floor 160 is provided with a pair of drains 180. As can be seen in Figure 3, in
which the lid 140 has been removed to more clearly show the floor 160, the floor
160 is inclined or slopes such that the height of the floor 160 within the collector
tray 50 varies. In particular, the height of the floor is at its lowest in the vicinity of
the drains 180 and at its highest midway between the drains 180. Although in
this example, the floor 160 has a constant gradient, it will be appreciated that a
variable gradient may be provided, depending on the nature of the particles
exiting the separator cyclones 30 in order to encourage them towards the drains
180. Also, although the surface of the floor 160 is planar and level in the radial
direction, it will be appreciated that the surface may be non-planar and/or may be
sloped in the radial direction, again dependent on the nature of the particles in
order to encourage them towards the drains 180.

In operation, particles exiting the gas outlets 110 land onto the floor 160 and are
conveyed by the slope of the floor 160 to the drains 180. The presence of the lid
150 helps prevent ingress of the water curtain 90 and prevents any back
pressure caused by the flow of the effluent stream through the central aperture
80.

Nozzle Mechanism

Figure 4 is a perspective view showing the nozzle mechanism 40 in more detail.
As can be seen, the nozzle mechanism 40 receives the gas outlets 110. In one
arrangement, a paddle 190 is provided which rotates about a central axis 200
when required. The paddle 190 is dimensioned to close the particle outlets 100
when rotated. The paddle 190 need not fully seal the gas outlets 110, but merely
needs to impair the flow of gas out of the gas outlets 110. As the paddle 190
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blocks the outlet 110, a pressure pulse is created within the separator cyclones
30 which helps to dislodge any accumulating particles. Although a rotating
paddle arrangement is shown, it will be appreciated that other shutter
mechanisms may be provided which obscure the gas outlets 110 either

individually or together.

Figure 5 is a cross-sectional view through the nozzle mechanism 40. As can be
seen, a set of radially extending conduits 210 couple with an effluent inlet 220 of
each of the separator cyclones 30. The effluent inlets 220 receive the effluent
stream containing particles to be separated by the separator cyclones 30. A
spray nozzle 230 is located at a centre of the radially extending conduits 210.

In operation, the spray nozzle 230 ejects a fluid stream (typically water) out of
spray apertures (not shown) radially aligned with the conduits 210 and effluent
inlets 220. This causes the fluid to enter the effluent inlets 220 together with the
effluent stream and helps to dislodge particles within the separator cyclones 30.
Although in this arrangement fluid enters each effluent inlet 220 simultaneously, it
will be appreciated that the fluid may be provided to each separator cyclone 30
individually and, typically, consecutively. Furthermore, a rotating nozzle may be
provided to reduce the number of orifices required. The fluid exiting the outlets

120 help to convey the particles on the floor 160 towards the drains 180.

Although in this embodiment both a paddle 190 and spray nozzle 230 are
provided, it will be appreciated that this need not be the case and just one of

these may be provided to dislodge particles within the separator cyclones 30.

As mentioned above, an air cyclone is designed to extract heavy particulate and
moisture from a gas stream in a negative or positive atmosphere. Existing
cyclones used for heavy/high particulate processes have failed due to the
particulate clogging the outlets meaning the water starting oscillating in the
cyclones. The amount of particulate can be unexpectedly high, and the type of
particulate can be a dense, ‘mud-like’, powder. Failure was also attributed to the
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fact the cyclones outlets were sat within a high flow area with only a baffle below
to prevent back-flow of gas op into the cyclone outlets. Active water injection is
used to prevent particulate build-up and allow active flushing of this particulate
out of the system. In one embodiment, spray jet nozzles are used for washing of
cyclones. A jetis sprayed into the inlet of each cyclone. In one embodiment, the
pump and spray nozzle are controlled via software. The duration of the cyclone
spray and pump operation is selectable at between 1 and 120 seconds. The
operation of both the cyclone and pump is selectable to be either concurrent or
sequential. A startup sequence is provided to enable longer pre-flushing on
startup (to fill the tray). In one embodiment, the cyclone outlets are within a
sealed environment to stop backflow and to ensure draining. The bottom water
tray is sloped towards outlets to help with draining. Dual outlets are provided on
the underside of the water tray to help reduce restrictions through a single outlet.
Accordingly, the cyclone outlets have been redesigned and backflow prevented
by sealing the outlets in a ring to protect from the gas flows/pressures of the
environment. Sealing the cyclone outlets in their own environment, enabled the
use of a water flushing system. As part of this water flushing system design, it
needs to handle the removal of particulates, this is implemented by providing two
outlets from the sealed environment, which can go to an area for removal, that
doesn’t impact the pressure or flow to the cyclone outlets. It can also be actively
pumped to ensure the particulate is removed, or can be passive, using the head

of water collected to drain the sealed environment.

Accordingly, it can be seen that one embodiment provides sealed cyclone outlets
— outlets of the cyclones are sealed within the ‘ring” which means no interference
from positive or high flow/pressure environments. This means the cyclone can
be used within different types of atmosphere and if the cyclone has enough flow
velocity through the inlet. It also allows the captured particulate to be contained
and actively or passively managed e.g. flushing/pumping particulate. One
embodiment provides a curved/sloped tray design. The design allows the
particulate to flow/fall naturally towards the outlets of the tray and then passively
or actively managed out of the tray. One embodiment provides active flushing.
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The tray may be optionally flushed with fluid to assist in the removal of the
particulate. One embodiment provides active pumping of the sealed cyclone
outlets. A pump may be optionally attached to the tray outlet ports, to actively
pump the particulate out for disposal. This pump can be used permanently or

intermittently in conjunction with or alone from active flushing.

Although illustrative embodiments of the invention have been disclosed in detail
herein, with reference to the accompanying drawings, it is understood that the
invention is not limited to the precise embodiment and that various changes and
modifications can be effected therein by one skilled in the art without departing
from the scope of the invention as defined by the appended claims and their

equivalents.
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CLAIMS

1. A collection tray for an abatement apparatus cyclone separator operable to
separate particles from a processing tool effluent stream, said collection tray
comprising:

sidewalls; and

an inclined floor positionable to receive said particles from a plurality of
cyclone separators locatable above said collection tray and to convey said

particles to a drain aperture.

2. The collection tray of claim 1, wherein a height of said inclined floor for
adjacent cyclone separators differs.

3. The collection tray of claim 2, wherein said height varies one of linearly

and non-linearly.

4. The collection tray of Claim 1, wherein said sidewalls comprise an inner
cylinder separated from a concentric outer cylinder by said inclined floor and said
inclined floor is inclined between said inner cylinder and said outer cylinder.

5. The collection tray of Claim 1, comprising a lid having sealable apertures
for receiving a corresponding one of said plurality of cyclone separators.

6. A cleaner for an abatement apparatus cyclone separator operable to
separate particles from a processing tool effluent stream, said cleaner
comprising:

a mechanism activatable to interact with fluid flow within said cyclone
separator to dislodge gathered particles within said cyclone separator.

7. The cleaner of claim 6, wherein said mechanism comprises a nozzle

operable to spray fluid into an inlet of said cyclone separator.
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8. The cleaner of claim 7, wherein said abatement apparatus cyclone
separator comprises a plurality of cyclone separators and said nozzle comprises
plurality of outlets, each operable to spray a fluid into an inlet of one of said

plurality of cyclone separators.

9. The cleaner of claim 8, wherein said nozzle is operable to spray said fluid

into said inlets one of consecutively and simultaneously.

10.  The cleaner of claim 8, wherein said plurality of cyclone separators are
arranged circumferentially and said nozzle is rotatable to spray said fluid into
each of said inlets consecutively.

11.  The cleaner of Claim 6, wherein said mechanism comprises a restrictor

operable to restrict fluid flow from an outlet of said cyclone separator.

12.  The cleaner of claim 11, wherein said restrictor comprises a member and
an actuator configured to translate said member between positions which cover

and uncover said outlet.

13.  The cleaner of claim 12, wherein said abatement apparatus cyclone
separator comprises a plurality of cyclone separators and said actuator is
configured to translate said member between positions which cover and uncover

each outlet of said cyclone separators.

14.  The cleaner of claim 13, wherein said actuator is configured to translate a
plurality of said members between positions which cover and uncover said outlet

of a corresponding cyclone separator.

15.  An abatement apparatus cyclone separator comprising at least one of the

collection tray of claim1 and the cleaner of claim 6.
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