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[57] ABSTRACT

An irradiator of the type using radioactive material as
a source of radiation having a casing for holding an
irradiator core and inputs and outputs passing through
the casing to the core. The core includes a plurality of
concentric walls forming chambers with the flow of
fluid passing from one chamber to the next and then
out of the irradiator. A plurality of radiation sources
are located in the core and a system for feeding prede-
termined gases through a liquid being treated in the
core and for bleeding excess gases out of the core is
provided. The gas inputs are located to provide a tur-
bulence in the liquid along the walls for keeping the
irradiator clean as well as for increasing the effective-
ness of the irradiator and the use of pre-selected gases
improves the treatment by the combined action of the
gases and irradiation of the fluid.

6 Claims, 8 Drawing Figures
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1
IRRADIATOR APPARATUS

BACKGROUND OF THE INVENTION

The present invention is directed towards. a fluid
treating apparatus for treating polluted fluids, by irradi-
ation of the fluid while simultaneously directing prede-
termined gases through the fluid adjacent the irradia-
tion sources.

DESCRIPTION OF THE PRIOR ART

In the past various types of irradiators and sterilizers
have been suggested for liquids and especially for disin-
fecting water. Prior art sterilizers frequently involve the
use.of heat to elevate the temperature and sometimes
the pressure for a predetermined length of time to ob-
tain a substantial kill, as:desired, of the microbiological
agents in the liquid. It has been suggested to use various
types.of radiation for the sterilization of liquids as well
as for-the sterilization of food, drugs, and the like. This
prior radiation treatment has included ultraviolet light
for use in sterilizing the liquid. It has also been sug-
gested to use radioactive isotope sources for the steril-
ization of liquids as well as for gases and solids. This
type of sterilization has proved advantageous over heat
sterilizers because of the time saved in the rapid steril-
ization by radiation by avoiding the time loss during the
thermodiffusion period. Typical of prior art irradiators
using gamma radiation sources may be seen in U.S. Pat.
3,602,712 for a Fluid Irradiating Apparatus using
Gamma Rays in Helical Passageways and in U.S. Pat.
No. 3,671,741 for an Irradiator Apparatus with a Fluid
Flowpath determined by communicating core and cast-
ing baffles. Another irradiator design can be seen in
U.S. Pat. No. 3,603,788 for a Gamma Radiation Source
and Method for the Treatment of Sewage, all of which
are directed to devices for the treating of Polluted Flu-
ids in large quantities.

It has also been suggested in prior art literature to uti-
lize ozone in treated polluted materials and that gamma
radiation generates its own ozone which would be re-
sponsible for all or part of the sterilization action of the
radiation. It is of course also known that gamma radia-
tion will destroy certain viruses and will act to break
down certain large molecular structures when large
enough sources are provided.

Finally, in U.S. Pat. application No. 271,800 for Sew-
age Treatment System Rendering Useful Soil Additives
by the present inventor, the combination of chlorine
for reducing the amount of microbiological organisms
is followed by irradiation in which the gamma radiation
source reduces the chlorine so that the output is safe
from an excessive chlorine level in the liquid.

SUMMARY OF THE INVENTION

The present invention is directed towards a liquid
treatment apparatus utilizing gamma radiation sources
and a gaseous feeding system for feeding predeter-
mined gases in a predetermined pattern through liquids
passing through the irradiation system for the purpose
of increasing the effectiveness of the irradiation and of
the gases, and also for cleaning the irradiator by the
turbulence produced by the gas bubbles. The gases can
produce oxidation of organic materials in the liquid
along with sterilization, decomposition and recombina-
tion of materials in the liquid being treated depending
upon the gases used. The irradiator and gas feeding ap-
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2

paratus provides a shielding casing having a plurality of
inputs and outputs passing therethrough to shield
gamma radiation sources located in an irradiator. core
inside the casing. The core defines a flowpath of liquids -
therethrough from one of the inputs to one of the out-
puts through the casing and has a plurality of concen-
tric chambers.in which the liquids pass from one cham-
ber to the next in sequence and out the output. Radia-
tion sources are located in the core for the liquids to
pass through and a plurality of gas feeds are provided
at predetermined locations for feeding predetermined
gases such as chlorine; ozone and oxygen through the
liquid as it passes through the irradiator. The irradiator
also has a bleed for allowing the gases being fed there-
into to escape therefrom and baffles are located to di-
rect the gases in a predetermined manner past the irra-
diation sources. A plurality of gases can be. utilized to
gain the advantage of each gas such as oxygen or.air in
outer chambers for oxidizing organic materials fol-
lowed by sterilization by the chlorine in the most cen-
tral chamber during the irradiation of the liquids.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of this inven-
tion will be apparent from a study of the written de-
scription and the drawings in which

FIG. 1 is a top sectional view of the irradiator core
and shielding; _

FIG. 2 is a sectional view taken along lines 2-—2"of
FIG. 1; »

FIG. 3 is a sectional view taken along lines 3—3 of
FIG. 1;

FIG. 4 is a sectional view of a portion of irradiator
showing the cobalt pencils and hangers;

FIG. § is a sectional view taken along the line 5—5
of FIG. 4;

FIG. 6 is a sectional view taken along the line 6—6
of FIG. §;

FIG. 7 is a sectional view of the central core of the
irradiator; and

FIG. 8 is a sectional view taken -along line 8—8. of
FIG. 7.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIGS. 1 through 8, and especially
to FIGS. 1 and 2, a core 9 is surrounded by shielding
10, which may be concrete, earth or other shielding
material as desired. An inlet pipe 11 receives fluids,
such as sewage effluent in an industrial or municipal
sewage waste treatment plant and kills bacteria and-vi-
ruses, degrades odors and degradation detergents, as
well as reduces organic solids and algae growth in the
effluent passing therethrough. The irradiator in this
type of system must be designed to handle large quanti-
ties of continuously flowing liquids in an efficient man-
ner to take advantage of the radiation materials, and
similarly should be simple and easily produced as a
commercial item. The core is generally made of stain-
less steel but could be made of other materials and has
a first cylindrical chamber 12, second cylindrical cham-
ber 13, third cylindrical chamber 14 and fourth cylin-
drical chamber 15, with the input 11 feeding into the
first cylindrical chamber 12. The input effluent passes
through chambers 12, 13, 14 and 15 and out an output
or exit pipe 16. Chamber 12 has a first baffle 17, a sec-
ond baffle 18, third baffle 19 and fourth baffle 20
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therein. The flow of fluid is under the first baffle 17
over the second baffle 18, under the third baffle 19 and
over the fourth baffle 20 to produce the flow of liquids
around the concentric chamber 12, A fluid opening 21
is located in the bottom of the second cylindrical cham-
ber 13 so that the liquid can flow from chamber 12 into
chamber 13. Chamber 13 has a ramp 22 (see FIGS. 1
and 3) which produces a circular flow of the liquid
passing into this chamber from the bottom to the top
portion of the ramp 23 and produces a circular turbu-
lent flow of the liquid passing therethrough. A gas in-
jection or input pipe 24 is used for fluid diffusion within
the core 9 of the irradiator and injects a gas or liquid
into cylindrical chambers 13, 15 and center chamber
41, as more clearly illustrated in FIG. 2. Line 24 feeds
a plurality of outputs in the bottom of the core 9 at pre-
determined points along the bottom of the core which
may be opening or nozzles in the circular portion of the
pipes 24. A plurality of input pipes 25 passes through
the shielding 10 into the core 9 and are used for obtain-
ing samples from different section of the core, as well
as fof the injection of materials or gases into the core.
Chambers 12, 13 and 14 of the core 9 can be sampled
for.a degree of treatment as the liquids pass there-
through and the same pipes can be utilized to feed gas
or liquids into the core 9. Liquids being fed into the
core on the bottom of the core produce a turbulence
and mixing action which stirs up any settled solids and
also cleans the walls of the chambers as the gas is fed
through the core 9 and out output 16. This allows the
_core irradiator to be self-cleaning in addition to the
benefits obtained by the feeding of chlorine or other
gases into the core 9, past the irradiation sources. The
bubbles of gas may be baffled with baffles in a predeter-
mined manner to increase the turbulence and for di-
recting the gases near the sources of radiation. The ra-
diation holding structures 26 are utilized for holding
cobalt 60 or Cesium 137 or any other pencil-shaped
gamma radiation sources. A gas bleeder line 27 is con-
nected from the top of the core 9 through the shielding
material 10 and has a valve thereon to bleed off the
gases being fed into the core through the pipes 24 and
25 out-of the top of the irradiator core 9.

It should be noted at this point that none of the input
and output tubes pass straight through the shielding
material 9 in order to prevent the escape of radiation
from the radiation sources, inasmuch as the radiation
travels in a straight line. It should also be noted that the
liquid passing through the irradiator core 9 provides
additional shielding since the radiation sources will
generally always be covered with liquid and will be lo-
cated away from the shielding 9. The core has an en-
trance through the shielding 10 which is sealed with a
cover 28 which can be any material desired and which
is covered with shielding material 29 which shielding
segments 29 can be concrete or any other shielding de-
sired which can be removed for gaining access to the
core 9 for changing the sources or for otherwise check-
ing or removing the core 9. A wall 32 is the interior
walls of the shielding 10 and forms one of the chamber
12 walls and is not connected to the core 9 but may
have baffles 17, 18, 19, 20 connected thereto. These
baffles serve to align wall 34 within the shielding and
allows the easy removal of wall 34. The remainder of
the core 9 also can be removed from the shielding 10.
Cobalt pencils holders 30 have cobalt pencil hangers
31 for holding the cobalt to the core 9. Cylindrical
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chamber 12 has a blocking bulkhead 33 attached to the
wall 32 and prevents the backflow of liquid entering
chamber 12 from input 11 while concentric wall 34 di-
vides the cylindrical chiamber 12 from the cylindrical
chamber 13. Third cylindrical container wall 35 sepa-
rates chamber 13 from chamber 14 with the flow of lig-
uid being over the top of this wall. The first cobalt 60
source holder 26 is attached to the side of cylinder wall
35. A fourth cylindrical chamber wall 36 forms one
wall of the chamber 14 and divides it from chamber 185,
with the flow of fluids being under the bottom of this
cylindrical wall. A cobalt 60 source holder 26 is at-
tached to the sides of wall 36. Wall 37 forms a part of
the exit pipe 41 of the irradiator core 9 and may be
used to attach Cobalt 60 sources to, but provide an
overflow pipe for the flow of liquid to pass through the
chamber 15 and over the top of the wall 37 to feed
around baffles 56 and 58 and out of output.16. A sup-
port structure 38 is used for the top of cylindrical wall
35 to separate and align this wall from the wall 36,
while a support structure 39 on the bottom of the cylin-
drical wall 36 separates and aligns the wall from over-
flow center portion 41. These alignment supports can
be fixedly attached to only one wall so that separate
concentric wall sections can be removed if desired or
can be attached to both walls to provide a unitary struc-
ture. The arrows 40 illustrate the serpentine flow
through the irradiator core 9 from one chamber to the
next and out the exit pipe 16.

Angled ramp 59 has a lower end portion 22 and an
upper end portion 23 and directs fluid entering cham-
ber 13 in an arcuate path within chamber 12 and also
separates chamber walls 34 and 35 and may be fixedly
attached to wall 34 or 35 or both.

FIG. 3 more clearly illustrates a section through FIG.
1 showing the triangular opening 21 between chambers
12 and 13 and having the bottom 22 of the ramp §9 in
the cylindrical chamber 13 for producing a circular
flow in chamber 13. The angular surface of the ramp
57 is over a portion of gas inlet pipe 24 so that gas en-
tering chamber 13 from pipe 24 will also be directed in
a circular motion for better diffusion of the gas and for
cleaning the bottoin of the ramp.

FIG. 5 is a sectional view showing an elevation of the
radio-active pencil holders 30 having their pencil hang-
ers 31 and the structure 26 for holding the cobalt pen-
cils thereon along with the walls 35 and 37.

FIGS. 5 and 6 illustrate the pencil hanger 31 having
the cobalt pencil 30 hanging on the structure 26.

FIGS. 7 and 8 more clearly illustrate the exit over-
flow pipe system 41 having the overflow pipe 37 con-
nected to an enlarged section 48. Cobalt pencils 30 and
hangers 31 connected to the holder 26 are also illus-
trated. The flow of the fluid is illustrated through cham-
bers 42, 43, 45, 46, 47 and 50 passing through the exit
core 41. The input from the gas inlet tube 24 has open-
ings 49 for the gas to be fed through into the overflow
system 41 and allows bubbles of gas to collide with the
annular ledge 55 and then pass through the chamber 46
and collide with the baffling surface 44 prior to passing
through the chamber 42.. FIG. 8 shows the baffling
head 44 which has a top and a plurality of sides 57 for
allowing the fluid and gas to pass between sides §7 and
around . the table top baffle 44, The liquid passing
through the center core 36 passes out the output tube
16.
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Referring to all of the figures, it should be clear that
gas can be fed through pipes 24 and 25 into the bottom
of any of the concentric chambers 12, 13, 14 and 15.
This gas is allowed to bubble up through these cham-
bers and pass the irradiation sources 30 where they
treat the polluted fluid in the chamber which is simulta-
neously being irradiated for combined sterilization, oxi-
dation and chemical reduction, as desired. However, in
the case of chlorine, sterilization or the substantial re-
duction of micro-organisms can be accomplished while
the irradiation then reduces the chlorine. Oxygen or air
can be utilized to further oxidize organic materials
passing through the irradiator. In addition to chlorine,
ozone can be utilized and each of the gases can be bled
out of the bleed 27 so as to prevent the buildup of pres-
sure in the top of core 9. The irradiator is designed to
specifically allow the feeding of more than one type of
gas to gain a combination of treatments in different
chambers as the liquids pass from one chamber to the
next and some of the pipes allow for samples to be re-
moved at predetermined points in the chambers. The
gas bubbling into the bottom of the chamber produce
the turbulence for maintaining a clean irradiator and
allow for the easy cleaning by removing accumulated
materials on the bottom of the core 9 through the pipes
25 and for the ease in backwashing from pipe 16 out of
pipe 11. Baffles 44 and 58 allow gas entering the cen-
tral core 36 to be baffled and baffle 44 directs it more
towards the irradiation sources while providing a more
turbulent action for better mixing with the liquids.

[t should of course be realized that sewage effluent in
which the present invention will be utilized will first
have had primary and even secondary treatment, and
the present system will be utilized in a tertiary or ad-
vanced treatment system in which one irradiator pro-
vides a combination of treatments in which the com-
bined effect of the treatments would exceed the indi-
vidual treatments because of the advantages gained by
the irradiation, and reduction of the chlorine in the
fluid prior to the exit of fluid from the system. Advanta-
geously, the core can be built in sections and removed
and inserted in sections if desired by having concen-
trate walls spaced from each other and free standing on
the floor of the irradiator.

1t should also be noted that the pattern of flow
through the irradiator core 9 is such to gain advantage
by the efficient utilization of the gamma rays in order
to uniformly irradiate fluid passing through the core.

Accordingly, this invention should not be construed
as limited to the particular forms disclosed herein since
these are to be regarded as illustrative rather than re-
strictive.

I claim:

1. Apparatus for treating polluted fluids comprising
in combination:

a. a casing including a plurality of inputs and outputs

therefrom;

b. core means located in said casing defined a flow-

path for liquid therethrough from at least one input
to at least one output;
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c. said core means having a central overflow pipe and
a plurality of chambers each chamber being opera-
tively connected to at least one other chamber for
the feeding of liquid from one to the other and out
the overflow pipe;

d. radiation sources located in said core means for
irradiating liquids passing therethrough;

e. gas feed means operatively connected to said core
means for feeding a gas into said core means
through liquid passing through said core means;

f. bleed means located to allow accumulated gases in
said core means to escape therefrom; and

g. baffle means located in spaced relationship to at
least one gas feed means through said liquid in said
core means, whereby liquid passing through said
apparatus is irradiated during chemical treatment.

2. The apparatus in accordance with claim 1 in which
said chambers have concentric walls with openings for
said liquid to flow over at least one wall and under at
least one. wall. :

3. The apparatus in accordance with claim 1 includ-
ing sampling means for sampling the liquid passing
through said core at a plurality of points in said core.

4. The apparatus in accordance with claim 1 in which
said gas feed means are located in said core for said gas
fed therefrom to agitate said liquid for cleaning said
core means.

5. The apparatus in accordance with claim 1 in which
said casing has a plurality of cylindrical walls and has
an entrance for removing at least one cylindrical wall
from said core and said casing forms the outside wall
of the outermost chamber in said core, said entrance
being smaller than said entire core and larger than said
core without the outer wall of the outermost chamber.

6. Apparatus for treating polluted fluids comprising
in combination:

a. a casing having a plurality of inputs and outputs

therefrom;

b. core means located in said casing defining a flow-
path for liquid therethrough from at least one input
to at least one output;

c. radiation sources located in said core means for ir-
radiating liquids passing therethrough;

d. gas feed means operatively connected to said core
means for feeding a gas into said core means
through liquid passing through said core means,
said gas feed means having a plurality of pipes con-
nected to said core means for feeding gasto a plu-
rality of chambers in said core means and means
for feeding different gases to different chambers;

e. bleed means located to allow accumulated gases in
said core means to escape therefrom; and

f. baffle means located in spaced relationship to at
least one gas feed means to partially direct the flow
of gas from said gas feed means through said liquid
in said core means, whereby liquid passing through
said apparatus is irradiated during chemical treat-

ment.
* ® * * *



