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(57) ABSTRACT

Embodiments of an abatement apparatus are disclosed
herein. In some embodiments, an abatement apparatus may
include a scrubber configured to receive an effluent stream
from a process chamber and further configured to remove first
particles from the effluent stream; a scrubber conduit coupled
to the scrubber to recerve the etfluent stream therefrom and
configured to remove second particles from the effluent
stream, the scrubber conduit having one or more inlets con-
figured to provide a fluid to suiliciently wet an interior surface
of the scrubber conduit to trap the second particles thereon
and to wash the second particles therealong; and a central
scrubber coupled to the scrubber via the scrubber conduit. In
some embodiments, the scrubber conduit 1s downward slop-
ing irom the scrubber to the central scrubber. In some
embodiments, a plurality of scrubbers may be coupled to the
central scrubber via a plurality of scrubber conduits.
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ABATEMENT APPARATUS WITH SCRUBBER
CONDUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit of U.S. provisional
patent application Ser. No. 61/148,999, filed Feb. 1, 2009,
which 1s herein incorporated by reference in 1ts entirety.

FIELD

[0002] Embodiments of the present mvention generally
relate to abatement apparatus for processing systems.

BACKGROUND

[0003] Abatement apparatus, such as water scrubbers and
the like, can be utilized to remove particles from an effluent
stream, for amongst other reasons, to meet environmental
particulate regulatory emission requirements. Unfortunately,
the inventors have observed that conventional scrubbers often
fail to adequately remove sub-micron particles from the
exhausting eiftfluent stream.

[0004] Accordingly, the inventors have provided an abate-
ment apparatus having improved abatement of sub-micron
particles.

SUMMARY

[0005] FEmbodiments of an abatement apparatus having a
scrubber conduit are disclosed herein. In some embodiments,
an abatement apparatus may include a scrubber configured to
receive an effluent stream from a process chamber and further
configured to remove {irst particles from the effluent stream;
a scrubber conduit coupled to the scrubber to receive the
elfluent stream therefrom and configured to remove second
particles from the effluent stream, the scrubber conduit hav-
ing one or more inlets configured to provide a fluid to suifi-
ciently wet an interior surface of the scrubber conduit to trap
the second particles thereon and to wash the second particles
therealong; and a central scrubber coupled to the scrubber via
the scrubber conduit. In some embodiments, the scrubber
conduit 1s downward sloping from the scrubber to the central
scrubber. In some embodiments, the scrubber further com-
prises a plurality of scrubbers and the scrubber conduit fur-
ther comprises a plurality of scrubber conduits, wherein each
scrubber 1s couple to the central scrubber via one scrubber
conduit.

[0006] Insomeembodiments, an abatement apparatus may
include a plurality of scrubbers, each configured to recerve an
eifluent stream from one or more of a plurality of process
chambers and further configured to remove first particles
from the effluent streams; a plurality of scrubber conduits,
one each coupled to a corresponding one of the plurality of
scrubbers, each scrubber conduit configured to remove sec-
ond particles from the effluent stream flowing therethrough,
cach scrubber conduit having one or more 1nlets configured to
provide a fluid to sufliciently wet an interior surface of the
scrubber conduit to trap the second particles thereon and to
wash the second particles therealong; and a central scrubber
coupled to the plurality of scrubbers via the plurality of scrub-
ber conduits, wherein each scrubber conduit has an eftfluent
inlet to recerve the effluent stream from a respective scrubber
and an effluent outlet to tflow the effluent stream to the central
scrubber, and wherein the inlet port 1s at a higher elevation
than the outlet port.
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[0007] Other embodiments and details ofthe present inven-
tion are discussed below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Embodiments of the present invention, briefly sum-
marized above and discussed 1in greater detail below, can be
understood by reference to the illustrative embodiments of
the mvention depicted in the appended drawings. It 1s to be
noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not to
be considered limiting of its scope, for the invention may
admit to other equally effective embodiments.

[0009] FIG. 1 depicts a schematic side view of an abate-
ment apparatus 1n accordance with some embodiments of the
present 1nvention.

[0010] FIGS. 2A-C depict schematic side and cross sec-
tional views of a scrubber conduit in accordance with some
embodiments of the present invention.

[0011] FIG. 3 depicts a schematic side view of an abate-
ment apparatus in accordance with some embodiments of the
present invention.

[0012] To {facilitate understanding, identical reference
numerals have been used, where possible, to designate 1den-
tical elements that are common to the figures. The figures are
not drawn to scale and may be simplified for clarnity. It 1s
contemplated that elements and features of one embodiment
may be beneficially incorporated in other embodiments with-
out further recitation.

DETAILED DESCRIPTION

[0013] FEmbodiments of the present invention provide
improved apparatus and methods of conveying eftfluent, such
as effluent streams containing fine particles, water vapor, and
exhaust gas species from a Point of Use Scrubber (POU), such
as a scrubber coupled to a processing system, such as a
process chamber or the like, to a shared local or house scrub-
ber, e.g., a central scrubber. The mvention disclosed herein
advantageous aides in the removal of sub-micron particles
from the effluent stream. Embodiments of the present inven-
tion may facilitate, amongst other things, meeting a need for
solar factories to meet stringent local environmental particu-
late regulatory emission requirements. In addition, this novel
apparatus may be advantageously employed by any gas com-
pany, chemical company, o1l company, medical, fine dust
transier and storage management, bio and bio pharmaceutical
company, nano-technology, LCD, OLED, film, or electronic
manufacturing company or other application where a point of
use scrubber 1s backed up by a shared facility or localized
shared scrubber.

[0014] FIG. 1 depicts an abatement apparatus in accor-
dance with some embodiments of the present invention. The
abatement apparatus 100 includes a scrubber 102 coupled to
a central scrubber 108 via a scrubber conduit 104. The scrub-
ber 102 1s configured to receive an effluent stream from one or
more process chambers and to remove first particles from the
cifluent stream flowing therethrough. The effluent stream
may be an effluent stream from one or more process chambers
that provide an effluent needing abatement. Non-limiting
examples of such process chambers include substrate pro-
cessing systems used 1n, for example, semiconductor, flat
panel, photovoltaic or other silicon and thin film processing
applications. One exemplary application may be 1n a Sun Fab
tool, available from Applied Materials, Inc., of Santa Clara,
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Calif., which comprises seven Plasma Enhanced Physical
Vapor Deposition (PECVD) chambers, each connected to an
abatement system, such as a Marathon Solar Abatement sys-
tem, also available from Applied Materials, Inc.

[0015] The scrubber 102 may be a POU scrubber or any
suitable scrubber for processing an effluent stream to remove
particles, such as S10, particles or the like. For example, and
in some embodiments, the scrubber 102 may be part of an
abatement system, such as the Marathon abatement system,
available from Applied Materials, Inc. For example, in some
embodiments, a thermal abatement system, such as the Mara-
thon, may form S10, particles when abating certain process
cifluent. The $10, partlcles are entrained 1n the effluent
stream and, 1n conventlonal systems, may undesirably be
exhausted to the environment or collect 1n downstream eftlu-
ent handling equipment. Alternatively, or in combination,
S10,, particles may be formed 1n a process chamber or similar
apparatus from which the effluent stream 1s generated. For
example, such process chambers could include any chamber
that deposits silicon or other crystalline or microcrystalline
compounds, for example, in LCD, Solar, OLED, or other
s1licon substrate processing applications.

[0016] The apparatus 100 further includes a scrubber con-
duit 104 coupled to the scrubber 102 to receive the efifluent
stream {rom the scrubber 102 and to remove second particles
from the effluent stream as 1t flows through the scrubber
conduit 104. The scrubber conduit 104 includes an effluent
inlet 103 for receiving the effluent stream from the scrubber
102 and an effluent outlet 107 for flowing the effluent stream
to the central scrubber 108. The second particles removed by
the scrubber conduit 104 may be smaller than the first par-
ticles removed by scrubber 102. For example, the second
particles may include sub-micron particles. Alternatively, or
in combination, the second particles may include particles of
similar size to the first particles, e.g., micron-sized particles
or greater, that were not removed by the scrubber 102. The
second particles can be scrubbed by allowing them to con-
densate, nucleate, and grow, for example on wetted interior
surfaces of the scrubber conduit, as they pass through the
scrubber conduit 104, eventually achJevmg suificient size to
make them easy to remove by more conventional water scrub-
bing means, such as the central scrubber 108 discussed below.

[0017] The mventors have discovered that ultra fine (be-
tween about 0.01 to about 1.0 micron) particles, for example
s1licon oxide (S10,) particles, condense on cool water wetted
surfaces. This ability to trap sub micron particles on a water
wetted cold surface 1s unique, and 1s a result of a different
mechanism than that employed 1n, for example packed bed
water scrubbers, such as utilized in the Marathon abatement
system, available from Applied Matenals, Inc. As such, the
scrubber conduit 104 may advantageously capture additional,
and smaller, particles from the effluent stream that are not
captured by conventional scrubbers (which can scrub par-
ticles that are generally greater than 1 micron in size, but
which are very ineflicient at scrubbing particles under 1
micron).

[0018] The scrubber conduit 104 includes one or more
inlets (inlets 202, illustrated 1n FIG. 2A) configured to pro-
vide a fluid to suilficiently wet an interior surface 106 of the
scrubber conduit 104 to trap the second particle thereon and
wash the second particles therealong. The sub-atmospheric
pressure scrubber conduit thus acts as a water wetted cold
trap, causing fine particles to condense on its surface. The
particles may be washed downstream by the condensed vol-
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ume ol water or scrubbing fluid. In some embodiments, the
citluent mlet 103 1s at a higher elevation than the effluent
outlet 107. For example, 1n some embodiments, the scrubber
conduit 104 can be downward sloping (as shown) from the
scrubber 102 to a central scrubber 108 or another apparatus,
such as a scrubber module depicted 1n FIG. 3, discussed
below. The downward slope of the scrubber conduit 102 can
advantageously facilitate the washing of the second popula-
tion of particles from the interior surtace 106 of the scrubber
conduit 104 and into the central scrubber 108 (or a scrubber
module as discussed with respect to FI1G. 3 below). The scrub-
ber conduit 104 need not be linear along the entirety of its
length (as shown), and other suitable configuration may
include sections of the conduit which can be upward sloping
while still maintaining a general downward flow between the
eifluent 1nlet 103 and effluent outlet 107. In some embodi-
ments, the house exhaust system coupled to individual point
of use scrubbers may be modified to form the scrubber con-
duit as described herein and may further be coupled to a
central scrubber as described herein, thereby advantageously
1mplement1ng embodiments of the present invention in a cost-
and space-ellective manner.

[0019] The central scrubber 108 may include a Venturi
water scrubber, a spray tower, a cloud chamber, an electro-
static precipitator or a packed bed water scrubber, or other
suitable house scrubber systems. In some embodiments, the
central scrubber 108 may include a Ventur1 scrubber 110
coupled to the scrubber conduit 104 and a particle agglom-
eration module 112 coupled to the Venturi scrubber 110. The
particle agglomeration module 112 may facilitate further
agglomeration and collection of particles in the effluent
stream.

[0020] In some embodiments, the central scrubber 108
receives the effluent stream and the trapped second particles
from the scrubber conduit 104, and further processes the
cifluent stream to remove third particles therefrom. The third
particles may include particles of a smaller dimension or
similar dimension as either or both of the first and second
particles. From the central scrubber 108, the effluent stream
may be released into the environment (as shown at exhaust
114) or forwarded to additional abatement apparatus for fur-
ther processing, as required, for example, to meet applicable
legal standards.

[0021] In some embodiments, the apparatus 100 may
include a plurality of scrubbers and plurality of scrubber
conduits, wherein each scrubber i1s coupled to the central
scrubber 108 via a respective scrubber conduit. For example,
and as illustrated 1n FIG. 1, a second scrubber 116 may be
coupled to the central scrubber 108 (or Ventur1 scrubber 110
as shown) via a second scrubber conduit 118. The second
scrubber 116 and the second scrubber conduit 118 may be
substantially similar to the scrubber 102 and scrubber conduit
104, respectively. Alternatively, the second scrubber 116 and
second scrubber conduit 118 may be configured differently
depending on the 1dentity of the effluent stream tlowing there-
through. For example, the scrubber 102 and the second scrub-
ber 116 may recerve elflluents from different process cham-
bers necessitating a different configuration. Further, the
apparatus 100 1s not limited to two scrubbers and two scrub-
ber conduits, and may be utilized with any suitable number of

scrubbers and scrubber conduits as can be adequately sup-
ported by the central scrubber 108.

[0022] FIGS. 2A-C depict schematic side and cross-sec-
tional views of the scrubber conduit 104 in further detail and
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in accordance with some embodiments of the present mnven-
tion. As discussed above, the scrubber conduit 104 can be
downward sloping to facilitate the washing of second par-
ticles trapped on the interior surface 106 into the central
scrubber 108 or the scrubber module depicted 1n FIG. 3.

[0023] The scrubber conduit 104 includes a central axis
201. One or more inlets 202 may be disposed along the length
of the central axis 201 1n any of a number of suitable configu-
rations to provide a tluid to wet the inner surfaces 106 of the
scrubber conduit 104. In some embodiments, the one or more
inlets may be spray jets, for example, to form ultra fine mist or
water droplets.

[0024] In some embodiments, the one or more inlets 202
may be disposed concentrically about the central axis 201, for
example, as shown by concentric spray jets 203, 205 1n FIG.
2A. Although two concentric spray jets 203, 205 are depicted
in FIG. 2A, one or more concentric spray jets may be used.
The concentric spray jets may be circular, or other suitably
shaped, conduits having a plurality of openings 204 to spray
fluid 1nto the scrubber conduit 104. One or more 1nlet con-
duits 206 may be used to support and position the concentric
spray jets within the scrubber conduit and to couple the con-
centric spray jets to a suitable fluid source, such as a factory
water supply. In some embodiments, the concentric spray jets
203, 205 may be oriented to spray fluid 1n a downstream
direction towards the central scrubber 108 to facilitate the
washing of second particles from the interior surfaces 106
into the central scrubber 108 and/or facilitate movement of
the effluent stream toward the central scrubber 108.

[0025] Alternatively, or in combination with the concentric
spray jets, one or more spray jets may be oriented tangentially
about the scrubber condwt 104, for example, such as spray
jets 207 depicted i FIG. 2C. The tangential, or non-radially
aligned, spray jets 207 may be configured to facilitate swirl-
ing the effluent stream, which may cause second particles to
be directed towards the interior surfaces 106 (and increase
impaction thereagainst) due to centripetal forces developed
by swirling effluent stream.

[0026] Returning to FIG. 2A, the scrubber conduit 104 can
include one or more baitles 208 to improve mixing and the
spray jets can assist in keeping the batlles clear by washing off
condensed particles. The baitles 208 can further increase the
surface area of the interior surface 106 on which second
particles from the effluent stream can condense or trap. Fur-
ther, the ballles 208 may create a torturous path resulting in
increased residence time in the scrubber conduit 104.
Although battles 208 are depicted in FIG. 2A, the battles 208
may be used 1n any of the embodiments scrubber conduits
disclosed herein.

[0027] Forexample, the time that second particles spend 1n
the scrubber conduit 104 may be longer than the time that
these particles spend 1n the other abatement devices, such as
the scrubber 102 by about 2 to about 100 times. By further
utilizing the baitles 208 to increase the path length of the
eifluent stream through the scrubber conduit 104, which 1s
already much longer than the path length through the abate-
ment device, improved removal of the second particles by the
scrubber conduit 104 may be achieved.

[0028] Further, the volume and/or length scrubber conduit,
the number of baftles 208, or the like can be modified to
increase the residence time of the effluent stream within the
conduit 104 to allow for condensation, nucleation, or agglom-
eration to form larger cohesive particles which can be more
casily scrubbed, for example, 1n the central scrubber 108.
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[0029] In some embodiments, one or more air dryer injec-
tion inlets 212 may be provided to manage dew point and
flammables safety in the scrubber conduit 104 1n any of the
embodiments discussed herein. Dry air additions can be made
at various points in the scrubber conduit 104 (three locations
illustratively shown 1n FIG. 2A) to minimize the chance of
condensable materials becoming liquid while 1n the scrubber
conduit 104 1n locations where condensation 1s undesirable.
Embodiments of the present invention may add additional
volumes of dry air or mert gas to assure maintaining gas
compositions safely below lower flammable and lower explo-
stve composition limits.

[0030] In some embodiments, the scrubber conduit 104
may 1nclude insulation 210 wrapped around the exterior of
the conduit 104. The msulation 210 may be utilized to main-
tain the interior surfaces 106 at a lower temperature than the
eitluent stream such that optimal condensation or trapping of
second particles along the wetted interior surfaces 106 can be
achieved. In some embodiments, cooling conduits (not
shown) may be disposed about the scrubber conduit 104,
optionally within the insulation 210, to flow a heat transfer
fluid to cool the scrubber conduit 104. Typically, the tempera-
tures of the interior surfaces 106 may be maintained at tem-
peratures lower than the effluent stream but not below Ireez-
ing temperatures, (e.g., about zero degrees Celsius). The
lower temperatures of the interior surfaces 106 can encourage
condensation, nucleation, and growth of the second particles.

[0031] The fluid supplied by the one or more 1nlets 202 of
the scrubber conduits 104 can include water (H,O) or any
other medium of suificient surface energy to encourage con-
densation and particulate growth. Further, and 1n some
embodiments, the fluid may include one or more chemical
additives to increase the affinity of the mist for the second
particles. For example, an additive could include an 1onic
water soluble polymer such as an anionic or cationic floccu-
lating agent, a caustic, or a salt. The fluid containing chemaical
additives can be washed forward 1nto the central scrubber 108
(or the scrubber module 300 as depicted in FIG. 3 and
described below) where 1t will increase the particle scrubbing
eificiency of the central scrubber 108 (or scrubber module
300).

[0032] FIG. 3 depicts a schematic example of a fine particle
scrubber module 300 that could optionally be placed 1n the
path of the scrubber condwt 104 and utilized for further
particle removal from the effluent stream. Although only one
scrubber module 300 1s illustrated, the apparatus 100 can
include a plurality of scrubber modules 300, each scrubber
module placed 1n the path of each scrubber conduit 104.

[0033] The scrubber module 300 may be disposed between
the scrubber conduit 104 and the central scrubber 108. The
scrubber module 300 includes an inlet 302 for receiving the
eifluent stream and trapped second particles from the scrub-
ber conduit 104 and an outlet 304 for exhausting the effluent
stream to the central scrubber 108. The inlet and the outlet of
the scrubber module 300 are separated by a torturous path 306
for flowing the effluent stream therethrough. The torturous
path 306 may be utilized to increase residence time of the
eitluent stream tlowing through the scrubber module 300.

[0034] Themodule 300 has one or more batflles 308 or other
clements providing an increased path length for gases flowing
through the module. For example, the bailles 308 can be
utilized to create the torturous path 306 between the inlet 302
and outlet 304. Utilization of the tortuous path 306 advanta-
geously enables a long effective “wet pipe” length housed 1n
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a compact design. In the embodiment shown 1n FIG. 3, the
battles 308 define a zig-zag path through the module 300.
However, other tlow paths may be provided as well.

[0035] One or more spray heads 310 may be disposed
within the module 300 or otherwise configured to provide a
water spray along the torturous path 306. The spray heads
may provide a fluid 1n the form of a fountain-like spray within
one or more portions of the torturous path 306. The fountain-
like spray heads 310 provide mixing of the fluid (or the fluid
and one or more chemical additives as discussed above) and
third particles 1n the effluent stream. Fluid droplets act as
impaction surfaces for the third particles. For example, the
third particles may be of lesser or equal dimension than either
or both of the first and second particles. Flowing vertically
upwards and descending by gravity improves residence time
of fluid droplets compared to a traditional spray tower spray-
ing fluid from above. The increased fluid droplet residence
time and high fluid flow can be combined to maximize fluid
droplet density within the scrubber module 300 to maximize
the probability of particle impaction 1nto the flmd droplet.
Further, the effluent stream can flow both concurrent and
countercurrent to the direct of fluid provided by the one or
more fountain spray heads 310 as the effluent stream travels
along the tortuous path 306 of the scrubber module 300.

[0036] Similar to the scrubber conduit 104 discussed
above, the fluid can further wet an interior surface 312 of the
scrubber module 300 along the torturous path 306 to trap or
condense the third particles thereon and wash the third par-
ticles therefrom. In some embodiments, a collection sump
314 may be coupled to the scrubber module 300 to facilitate
collection of the third particles (and second particles entering
from the scrubber conduit 104 at the inlet 302). Further, the
scrubber module 300 may be imnsulated or cooled as discussed
above to maintain the interior surfaces 312 at temperatures
below that of the eflluent stream to aid in condensation of the
particles on the interior surfaces 312. The effluent stream may
exi1t the torturous path 306 at the outlet 304 and proceed to the
central scrubber 108 for further processing.

[0037] Embodiments of the present invention provide
improved apparatus and methods of conveying eftluent, such
as effluents containing fine particles, water vapor, and exhaust
gas species from a Point of Use Scrubber (POU), such as a
scrubber coupled to a processing system, such as a process
chamber or the like, to a shared local or house scrubber, e.g.,
a central scrubber. The invention disclosed herein advanta-
geously aids 1n the removal of sub-micron particles from the
eifluent stream.

[0038] Further, the invention disclosed herein can provide
additional benefits, such as by providing fluid 1nto the scrub-
ber conduit to dilute any potential acid content of the effluent
stream, which can aid reducing corrosion in the scrubber
conduit. Further, 1f a basic chemical additive were used to
improve fine particle affimity to fluid droplets and the water
surtace {1lm on the iterior surfaces 106 of the scrubber con-
duit 104, that basic additive can also help control the pH of
acidic gases 1n the effluent stream, for example such as acidic
gases used to clean process chambers.

[0039] Further, flammability safety 1s also improved as a
fire requires a oxadizer, fuel, and heat. A fine water mist as
supplied by the scrubber conduit 1s able to dissipate thermal
energy that could be an 1gnition source and the fine mist
would greatly reduce the chance of static charge build up.

[0040] Thus, the mventive apparatus disclosed herein can
have further benefits that help keep the scrubber conduits
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clean and greatly reduces the need for exhaust system Pre-
ventative Maintenance (PM) activities by diluting and wash-
ing corrosive species and fine particles forward to the central
scrubber.

While the foregoing 1s directed to embodiments of the present
invention, other and further embodiments of the invention
may be devised without departing from the basic scope
thereof.

1. An abatement apparatus, comprising:

a scrubber configured to recerve an elffluent stream from a
process chamber and further configured to remove first
particles from the effluent stream;

a scrubber conduit coupled to the scrubber to receive the
effluent stream therefrom and configured to remove sec-
ond particles from the effluent stream, the scrubber con-
duit having one or more inlets configured to provide a
fluid to suificiently wet an interior surface of the scrub-
ber conduit to trap the second particles thereon and to
wash the second particles therealong; and

a central scrubber coupled to the scrubber via the scrubber
conduit.

2. The apparatus of claim 1, wherein the scrubber further
comprises a plurality of scrubbers and the scrubber conduit
turther comprises a plurality of scrubber conduits, wherein
cach scrubber 1s coupled to the central scrubber via a respec-
tive scrubber conduit.

3. The apparatus of claim 1, wherein the scrubber conduit
1s downward sloping from the scrubber to the central scrub-
ber.

4. The apparatus of claim 1, further comprising:

an effluent inlet to receive the effluent stream from the
scrubber; and

an eftluent outlet to flow the effluent stream to the central
scrubber, wherein the inlet port 1s at a higher elevation
than the outlet port.

5. The abatement apparatus of claim 1, wherein the one or
more 1nlets of the scrubber conduit further comprise one or
more spray jets to spray the fluid.

6. The abatement apparatus of claim 3, wherein the one or
more spray jets are disposed within the scrubber conduit and
are Turther disposed concentrically about a central axis of the
scrubber conduit.

7. The abatement apparatus of claim 6, wherein the one or
more spray jets are oriented to spray the fluid 1n a downstream
direction from the scrubber to the central scrubber.

8. The abatement apparatus of claim 6, wherein the one or
more spray jets are disposed proximate a sidewall of the
scrubber conduit and are oriented to spray the fluid 1 a
direction substantially tangential to the scrubber conduit.

9. The abatement apparatus of claim 8, wherein the one or
more spray jets are further oriented to spray the flmd n a
downstream direction from the scrubber to the central scrub-
ber.

10. The abatement apparatus of claim 3, further comprising
a flmid source coupled to the one or more 1nlets, wherein the
fluid comprises water.

11. The abatement apparatus of claim 10, wherein the fluid
turther comprises a water soluble anionic flocculating poly-
mer, a water soluble cationic flocculating polymer, a caustic,
or a sallt.

12. The abatement apparatus of claim 1, wherein the scrub-
ber conduit further comprises:

insulation disposed about the exterior of the scrubber con-
duait.
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13. The abatement apparatus of claim 1, wherein the scrub-
ber conduit further comprises:

one or more batiles dispose therein, wherein the one or
more ballles partially form the interior surface of the
scrubber conduit.

14. The abatement apparatus of claim 1, wherein the cen-
tral scrubber comprises a Venturi scrubber, a spray tower, a
cloud chamber, an electrostatic precipitator, or a packed bed
water scrubber.

15. The abatement apparatus of claim 1, wherein central
scrubber comprises:

a Venturi scrubber coupled to the scrubber conduit; and

a particle agglomeration module coupled to the Venturi
scrubber.

16. The abatement apparatus of claim 1, further compris-

ng:

a scrubber module disposed between the scrubber conduit
and the central scrubber, the scrubber module having an
inlet for recerving the effluent stream and trapped second
particles from the scrubber conduit and an outlet for

exhausting the effluent stream to the central scrubber,
wherein the inlet and the outlet are separated by a tor-

turous path for flowing the effluent stream therethrough.

17. The abatement apparatus of claim 16, wherein the
scrubber module further comprises:

one or more fountain spray heads for spraying a second
fluid for removing third particles from the effluent
stream.

18. The abatement apparatus of claim 17, wherein the
fountain spray head are configured to spray the second fluid
suificient to wet an interior surface of the scrubber module

Aug. 5, 2010

along the torturous path to trap the third particles thereon and
wash the third particles therefrom.
19. The abatement apparatus of claim 17, wherein each
scrubber module further comprises:
a collection sump for collecting the second fluid and the
second and third particles.

20. The abatement apparatus of claim 16, wherein each

scrubber module further comprises:

one or more ballles that form the torturous path between
the 1nlet and outlet of the scrubber module.

21. An abatement apparatus, comprising;:

a plurality of scrubbers, each configured to receive an
effluent stream from one or more of a plurality of process
chambers and further configured to remove first par-
ticles from the effluent streams;

a plurality of scrubber conduits, one each coupled to a
corresponding one of the plurality of scrubbers, each
scrubber conduit configured to remove second particles
from the effluent stream flowing therethrough, each
scrubber conduit having one or more inlets configured to
provide a tluid to suificiently wet an interior surface of
the scrubber conduit to trap the second particles thereon
and to wash the second particles therealong; and

a central scrubber coupled to the plurality of scrubbers via
the plurality of scrubber conduits, wherein each scrub-
ber conduit has an effluent inlet to recerve the effluent
stream from a respective scrubber and an effluent outlet
to flow the eftluent stream to the central scrubber, and
wherein the 1nlet port 1s at a higher elevation than the
outlet port.
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