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SCRUBBER FOR WASTE GASE

BACKGROUND OF THE TNVENTION

This invention rg]ates.to the field of treatment of toxic gases, and
provides a method and.apparétus for rendering toxic gases harmless before
they are discharged into the atmosphere.

The present inventfon comprises an improvement over the scrubber
described in U.S. Patent No. 5,185,016, the specification of which is
incorporated by reference herein.

. Mahy gndustrial p{ants produce toxic gases which may not be legally
discharged into the atmosphere without treatment. One example of such a
toxic gas is HC1 gas, which is a by-product of electronics fabrication
processes. The present inQention can be used to scrub HC1 gas, és well
as a wide variety of other ioxic gases.

The scrubber in the above-cited patent includes a generally cylin-
drical rotatable member, sgrrounded by a non-moving _stator disposed
around the peripheny_of the rotatable member. The waste gas and the
scrubbing liquid meef in the annular region between the rotatable member
dnd'the stator, and the scrubbihg occurs in that region. |

While the scrubber in thé above-cited patent does perform its in-
tended function, it a]so has certain disadvantages. Because the
scrubbing in the patented deviée occurs only in a relatively small annu-
lar region, the device must occupy a large volume relative to the volume
within which sérubbing actual]y_occurs. Thus, the major portion of the
volume of the patent device is.wasted, since the interior region of the
cylindrical rotatable member is not used for scrubbing. Thus,  the

throughput.of the device is.limited by the amount of gas and liquid that
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can be accommodated in a re]atlvely sma11 annular region. The etficiency
of the scrubbing process is therefore 1imited, and one must expend rela-
tively large amounts of energy to achieve the desired result. Also, with
the device of the prior art, for a giren f]on rate of waste gas, one

' needs a re1ative1y bulky and heavy nachine, and one which consumes large
amounts of energy.

The present invention overcomesdthe above-described disadvantages,
by providing a scrubber havtng a much Qreater efficiency than the device
of the prior art. The scrubber of the present invention consumes com-
.parat1ve1y little energy, in relation to the flow rate of waste ‘gas be1ng
treated. The present 1nventlon prov1des a method and apparatus in wh1ch
the waste gas stream is eff1c1ent1y mixed with a scrubbing medium, such
as water, so that the toxic'material in the gas stream is readily ab-

sorbed or encapsu]ated'by the scrubbing medium.

SUMMARY OF THE INVENTION
The scrubber of the oresent'invention includes an'atomiier which .
' sits partially submerged in a pooi of liquid. The atomizer is a hollow,
generally cylindrical member, mounted for rotation about its 1ongitudinal
axis. The atomizer has three Sections, including two re1ative1y short
end sections and a longer middie section. The middle section has a plu-
rality of vanes, spaced re]atlve]y c]ose]y together. The end sections
define open1ngs hav1ng a length and w1dth considerably larger than the
spacing between the vanes. The sections are demarcated by baffles within
which the atomizer is joUrnalied for rotation. The baffles help to

define a path for flow of fluid in the region exterior to the atomizer.
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The baffles do not extend to the interior region of the atomizer; in-
stead, all three sections of the atomizer comprise one large interior
region. _ |

Waste gas enters the atomizer at one end.eection, and passes into
the interior region of the atomizer through the openings. Meanwhile,
some of the liquid from the pool, which compkiées the scrubbing medium,
is scooped' up by the vanes and enters the interior region of the
atomizer. Negative pressure produced by a blower draws the gas and
liquid through the interior of the atomizer. The rotation of the
atomizer causes the liquid to form droplets, and the droplets absqrb
and/or encapsulate particulates in the gas stream. The gasFTiqhid mix-
ture leaves the atomizer at the opposite ehd, through the openings at
that end. The negative pressure produced by the blower is sufficient to
overcome the tendency of the gas and liquid to move towards the periphery
of the atomizerldue to centrifugal force generated by the rotation. The
gas leaving the atomizer is substantially separated from the undesirable _
particulates. Removal of the remaining moisture leaves a gas that is
basica11yIEIean. |

There is an optimal level to which the atomizer should be submerged
in_tﬁe'pool of scrubbing liquid. If the atomizer is submerged too deep-
1y, an excessive amount of torque (and therefore horsepower) is required
to rotate the atomizer. If the atomizer is not submerged deeply enough,
the scrubbing effect is reduced. In practice, the optima] level is such
that the 1liquid covers about 3-9%, and preferably about 6%, of the
diameter of the atomizer. |

In the preseht invention, most or all qf the interior region of the
atomizer is used for mixing gas and liquid, and thus the present inven-

tion is very efficient, as it increases the throughput of gas, as com-
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pared with scrubbers of the_pr{or art.

The preseht invention iherefore has the primary object of providing
a scrubber for waste gases. |

The invention has the further object of increasing the efficiency of
a scrubber for waste gases.

The invention has the further obJect of increasing the vo]ume of gas
that can be scrubbed in a given time. |

The invention has the further object of prov1d1ng a scrubber which
consumes a relatively small amount of water _

The invention has the further object of prov1d1ng a scrubber which
consumes re]at1ve1y little power.

The invention has the further object of reducing the relative size
of a scrubber for waste gases. | _ |

The invention has the further object of providing a scrubber thef is
self-cleaning.

The invention hes the further -object of providing a method of

scrubbing,. which method is more efficient than the methods of the prior

. art.

-The reader skilled in the art will recognize other objects and ad-
vantages of the present 1nvent1on, from a reading of the following brief
description of the draw1ngs, the detailed descr1pt1on of the invention,

and the appended claims.

P
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 provides a partially schehatic, elevational view of the
most essential features of the scrubber of the present invention, showing
the atomizer submerged in the 1iquid pool, and showing the generav path
for flow of gas. |

Figure 2 provides an elevational view of a scrubber made accofding
the preferred embodiment of the present invention.

“Figure 3 provides an end view of the scrubber of Figure 2.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 illustrates the basic structure and'operation of the scrub-
ber of the present invention. The scruBber includes atomizer 1 which
comprises a hollow, cylindrical member. Atomizer 1 has three settions;
namely end sections 3 and 5, and middle section 7. The end sections aré
formed with relatively large openings, extending around the periphery of
the atomizer. In the elevational view of Figure 1, only two openings are
.visib1e at each end section. Openings 9 and 11 are formed at end section
3, and openings 13 and 15 are formed at end section 5. Middle section 7
has a plurality of vanes 17, the vanes also extending around the entire
periphery of the atomizer. The vanes are spaced from each other such
that the average spacing between adjacent vanes is less than (and prefer-

ably much less than) the width or length of any of the openings.
‘The exterior region of the atomizer is divided into three areas,
coinciding with the three sections described above, by baffles 19 and 21.
The baffles extend radially outward from the atomizer, and define bear-

ings within which the atomizer is journalled for rotation. The baffles
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separate fluid flows in the exterior région of the atomizer. The baffles
do not extend to the interior region of the atomizer; instead, the three
sections form one large oﬁen volume Qithin the ipterior of the atomizer.

The atomizer is mounted by suitable meang.(not shown) t- votate
about its 1ongitudinal axis 31, as indicated by arrow 27. The atomizer
sits within a pool 25 of liquid held within container 23.  The liquid,
which can be water, serves as a scrubbing medium for the waste gases.
B]owef 29 provides negative pressure which draws fluid through the sys-
tem, as will be described below. |

Waste gas to be scrubbed enters the system shown in Figure 1 at the
left-hand ﬁide, as indicated by arrow 33.. The atomizer is 'always rotat-
ing while the scrubber is operating. The waste gas enters.the interior
region of the atomizer by passing through one of the openings in end sec-

“tion 3. Since thé openings are relatively large, a given molecule of gas
can easily pass through one of the openings even while the atomizer is
rotgting rapidly. The negative pressure induced by the blower causes the
gas to be drawn to the right, towards the middle section of the atomizer,
and within its interior region, as indicated.by_arrow 35.

Meanwhile, the rotating atomizer causés'a quantity of liquid from
the pool 25 to pass from the exterior region to the interior region of
the atomizer. The liquid is scooped into the interior region by the
vahes 17, which act as small paddles that are urged against the liquid.
The closely-spaced vanes tend to atomize the liquid So that the 1i§uid
reaches the interior of the atomizer in the form of small droplets.
Also, the vanes creaté considerable turbulence in the liquid, and this
turbulence is-encountefed;by the.gas:as it first enters thé interior of
the atomizer. |

Baffles 19 and 21 protrude somewhat into the pool, as shown, but do

B
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not extend to the bottom of the container. Thus, the pool spans all
three sections of the'atomizer. |

Gas and liquid become thoroughly mixed in the interior region of the
atomizer, and primarily in the portion of the iﬁterior region corresbond-
ing to the middle séction. The gas initially encounters a dense wall of
1iquid, caused by the atomizer scooping up the_]iquid and forcing it
through the vanes into the interior of the atomizer. As the gas passes
thrbugh the interior of the atomizer, a mole-to-mole combination of
1iquid and gas tends to form. Depending on the specific chemistry of the
substances being scrubbed, this combination may be either chemical or

" mechanical.

Substantially the entire intéfior portion is available for use in
mixing the gas and liquid. Suéh mixing results in encapsulation and/or
absorbtion of particﬁ]ates by the liquid, and thus rendérs the gas stream
harmless and suitable for discharge into the atmospheré. The ﬁégative
pressure of blower 29 is made sufficiently great to overcome the tendency
of the gas and liquid to leave the rotating atomizer due to centrifugal
force. | |

The gas and liQuid then continue traveling to the right, as indicat-
ed by arrow 37, and they then leave the atomizer, through the openinés in
end section 5, as indicatéd by arrow 39. The fluid stream continues to
flow under the influence of blower 29, and continues towards an appropri-
ate discharge out]et. Note that Figure 1 does not explicitly show all of
the walls of the channels (other than baffles 19 and 21) that convey the
ga$ stream priér td entering and after leaving the atomizer§'it is as-
sumed that theré is brovided the necessary ductwork to create a single

path for fluid flow, as described above.
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The liquid level should not be set too high; otherwise, too much
tbrque (and motor horsepower) is required to rotate the atomizer. On the
other hand, if the liquid level is too low, the §crubbing effect will not
be sufficient. It has beeﬁ found that the'optiﬁum Tiquid Tevel *-.such
.that the maximum depth of the atomizer is about 6 percent of.the diameter
of the atomizer. This level can be reduced as low as'about 3 percent,
and can be raised as high as about 9 percent. Thus, the.preferred range
is about 3-9%. In defining the "maximum depth® of the atomizer, it is
assumed that the cy1indrica1 atomizer lies substantially level with thé
liquid, with the maximum dépth being measured from_a point where the
atomizeb extends most deéb]j intd the pool, to the surface of the pool,
along a line perpendicular to the surface of-the pool. B
Figures 2 and 3.show a scfubber, made according to the preferred
embodiment of the preSent invention. waéte gas to be scrubbed enters the
system af inlet 61, and passes throﬁgh inlet channel 63.t6 the left end
portion of atomizer 65. The atomizer has the §ame structure as described
above with respect to Figure 1. Baff]es'gl and 93 separate the fluid
streams in the region exterior to the atomizer. The atomizer is held
partially submerged in pool 67, and is rotated by motor 69, acting
through drive belt 71. |
Gas and liquid leavihg the atomizer is channeled first to a de-
,mistef, which removes liquid ffom the gas stream. The démister can be a
mO]écu]ar sieve or its equivalent. Liquid collected in the'demister_can
be returned to the pool. Thé dried Qas is then conveyed through outlet
channel 75, due to the hegative pfessure of blower 77.
As illustrated in Figure 2, the inlet and outlet streams are made to
pass through cross valve 79. The Cross vaive provides fluid communica-

tion between the inlet and outlet streams, and therefore recycles a por-

[El R
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tion of the output scrubbed gas back to the input. The reason for this
recyCIihg is to help to cool the input waste gas stream, which may be
initiél]y very hot. The scrubbing process is a1so a cooling process,
since the essence of the scrubbing is to mix the waste gas with droplets
of a relatively cool liquid.

Another means for cooling the inlet gas stream includes pump 81
which draws liquid from pboi 67 and conveys the liquid through conduit 83
to the opening of the inlet channel; The liquid is passed through a
nozzle (not shown), or other suitable device, to cool the gas entering
the'system. E}ther or both of the above-described cooling means can be
included in the present invention. Both cooling means éould also be
omittéd, especially where the waste gas to be scrubbed is not excessively
hot. |

The cooling means comprising pump 81 and conduit 83 can also affect
the degree to which the scrubber absorbs particulates from the waste gas
stream, since varying the flow of liquid in conduit 83 varies the level
of saturation of the scrubbing medium. .

Conduit 85 prevents overfilling of the pool, especially whiie the
pool is being filled or replenished. The conduit 85 defines a generally
U-shaped trap which helps to overcome the negative pressure developed By
the blower. Excess liquid can be drained through'this conduit, either
manually or by automatic means, so that the level of liquid is maintained
at an optimum level. Liquid is consumed during the scrubbing process,
and the pool must be continuousiy replenished to maintain the optimum
level.

Conduit 87 is used for periodically cleaning the system. Valve 89

can be a manually operated valve, and can be used to drain the system
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prior to cleaning.

It is preferred that the middle section of the atomizer be much
longer than the end sections, thdugh'the felaiive 1en§th§ of the sections
can be varied, within the scope of the inventiaﬁ. Increasing the rela-
tive length of the middle section increases the volume which is most
readily used for scrubbing. |

One can vary the size and nuﬁbef of.the openings and the vanes in
the atdmizer, within the scdpe of the invention.

The inveniion has been descfibed with respect to specific embodi-
ments, but still other vafiations are possible. ~ Such variations should

be considered within the spirit and scope of the fo]]owing_ciaﬁms.
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What is claimed is:

1. A waste gas scrubber comprising: H!"IM'“I“'I&'"IE'“!IlE

a) means defining a pool of liquid,

b) an étomizéf comprising a hollow, genefa]ly cylindrical meﬁber,

~ the atomizer defining an interior region and an exterior region, the
atomizer be{ng mounted for rotation such that a portion of the atomizer
is submerged in the pool,

¢) means fof directing waste gas to be scrubbed from the exterior
region thrpugh the interior regioh and back to the exterior region, and
| d) means for rotaping the atomizer. _

2. The scrubber of Claim 1, wherein the atomizer comprises First
and second end sections and a middle section, the end sections having.a
plurality of openings formed in the ;yjindrica] member, the middle sec-
tion having a plurality of vanes, wherein the vanes have an average spac-
ing between adjacent vaﬁes, and.wherein the openings have a width and a
Tength, and wherein the width and length of the openings are both greater
than the average spacing between adjaceht vanes.

3. The scrubber of Claim 1, wherein the atomizer has a diameter,
and .wherein the atomizer is submerged-in the pool to a depth such that
Tiquid cbvers about 3-9% of the diameter of the atomizer.

4. The scrubber of Claim 3, wherein the liquid covers about 6% of
the diameter of the atomizer.

5. The scrubber of Claim 1, ﬁherein the directing'means_includes
blower means for geﬁerating negative pressure, wherein gas and liquid are
drawn through the atomizer.

6. The scrubber of Claim 1, further comprising inlet means, and

wherein the directing means comprises means for difecting gas from the
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in]ét means into the interior region of the atomizer, the_ scrubber fur-
ther comprising means forltqnveying Tiquid from the pool to the inlet
means. ~ | ’

7. The scrubber of blaim 6,-wherein gas leaving the atc...zar is
conveyed to an.outlet meahs, aﬁd wherein the-scrubber further comprises
means for providing fluid connection between the inlet means and the out-
let means.

8. The scrubber of Claim 1, further comprising demister meéns, con-
nected within a floﬁ pﬁth for gas 1eaving the atomizer.

9. A scrubber for wﬁste gases,:the scrubber comprising a hollow,
generally cylindrical @emﬁer"having a longitudinal axis and an interior
region, means_for rotating the cylindrical member about its longitudinal
axis, the cylindrical membgf being partially submerged_ in a pool of
1iquid, the cylindrical mepber'havjng two end sections andTa middle sec-
tion, the cylindrical memﬁer having openings at both end éectionS“and a
p1ﬁrality of vanes at its middie section, and means:for directing a waste
gés into the interior region of the cylindrical member, at one of the end
sections, and for directihg.the gas fhrough the'interiér region and out
at the other of said end sbbtions. |

' ld. The scrubber of Claim 9, wherein the directing means comprises
a blower which provides negative pressure. ._..

11. The scrubber of Claim 9, wherein the vanes are  spaced apart

from each other by an average spacing which-is less than any dimension of

the openings. -

12. The scrubber of Claim 9, wherein the gas enters the cylindrical

member through an inlet channel and leaves the cylindrical member through -

an outlet channel, and wherein-scrubber.inp]udes means for providing

fluid communicafioh between the inlet and outlet channels. - R

Bam!
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13. The scrubber of Claim 9, wherein the gas enters the cylindrical
member through an inlet channel and leaves the cylindrical member through
an outlet channel, and wherein the scrubber further comprises meqn$ for
directing 1iquid from the pool to the inlet channel. |

14. The scrubber of Claim 9, wherein the gas.enters the cylindrical
member through an inlet channel and leaves the cylindrical membér through
an outlet channel, and wherein the outlet channel includes demisting
means for removing 1iduid from gas flowing in the outlet channel.

15. A scrubber for waste gases, the scrubber comprising a hollow,

" generally cyiindrical member having a longitudinal axis and an interior
region, mean§ for rotating the cylindrical member about its longitudinal
axis, the cylindrical member having two end sections and a middle sec-
tion, the cylindrical member having openings at both end sections and a
plurality of vanes at its middle section, and means for directing a waste
gas into the interior region of the cylindrical member, at one of the end
sections, and for directing the gas through the interior region and out
at the other of said end sections.

16. The scrubber of Claim 15, wherein the directing means comprises
a blower which provides negative pressure. _

17. The scrubber of Claim lS,_wherein'the vanes are spaced apart
from each othér by an average sﬁacing which is less than any dimension of
the openings. |

18. A method of scrubbing a waste gas stream, the method comprising
the steps of rotating a hollow cy1indrica1 member, while maintaining the
cylindrical member partially submerged in a pool of liquid, and while
applying negative pressure so as to draw waste gas into one end of the

hollow cy]ihdrica] member and out of another end of the cylindrical mem-
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ber.

19. The method of C]aim 18, fufther.comprising'the step of convey-
ing liquid from the pool towards the waste gas bgfore thé waste gas has
entered the cylindrical member. | '

20. The method of Claim 18, wherein some of .the gas that is drawn
out of said another end of the cylindrical member is recycled with the
gas that is entering the cy1ﬁndrica]'member. | |

21. The method df 61a{m 18, further comprising the step'of removing

moisture from the gas that flows out of the cylindrical member.
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