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3,264,473
RADIATION STERILIZATION DEVICE WITH UNI-
FORMLY DISTRIBUTED BETA EMITTERS

Harry Levin, Woedland Hills, David W. Bareis, North-

ridge, and Jack G. Bitterly, Woodland Hills, Calif., as-

signors to The Marguardt Ceorporation, Van Nuys,

Calif., a corporation of Califcrnia

Filed June 26, 1963, Ser. No. 294,787
13 Claims. (Cl. 250—44)

This invention relates to a radiation sterilization de-
vice, and more particularly to a sterilization device in
which a beta emitter in the form of small coated ceramic
particles, uniformly distributed over the surface of a
plate, is utilized to uniformly emit beta radiation and
thereby provide maximum efficiency of operation with
a minimum of shielding.

Sterilization devices presently in use depend almost
entirely upen the batch treatment with strong radioactive
isotopes (such as strontinum-90) which must be stored
in a shielded compartment under lock and key and
which must be handled in @ special manner when re-
moved from storage to treat the material to be sterilized.
In the ptesent invention, the even distribution of the
radioactive ceramic particles permits the use of a low
level beta emitter, such as promethium-147, whose radia-
tion can be controlled in a very precise manner. The
small ceramic beads treated with promethium-147 (and
with promethium-148 eliminated) are presently com-
mercially available. While such beads have been ran-
domly mounted on plates, the present invention depends
upon the uniform distribution of the beads with a spac-
ing and size such that the radiation particles can be
utilized with maximum efficiency. By utilizing the pure
beta emitter promethium-147, the problem of shielding
is minimized since the beta particles themselves are re-
garded s safe to the humans, in the absence of being
ingested, and only weak X-rays are produced by the
beta particles. '

It is therefore an object of the present invention to
provide a radiation sterilization device which utilizes
very small -particles of a radioactive isotope uniformly
distributed on a plate to produce maximum efficiency in
the use of the emitted particles.

Another object of the invention is to provide a sterili-
zation device having a plate on which radioactive parti-
cles are distributed at an optimum distance from each
other to provide a uniform, low level radiation field for
the treated matter so that a maximum of the radiation
energy is utilized in the sterilization process.

Another object of the invention is to provide a radia-
tion sterilization device in which ceramic beads of pro-
methium-147 are distributed on a mounting plate and
the size and spacing of the beads are selected to pro-
vide minimum absorption between beads (which takes
place excessively if the beads are too small) and to
provide minimum self-attenuation (which takes place
excessively when the beads are too large).

These and other objects of the invention not specifi-
cally set forth above will become readily apparent from
the accompanying description of the drawings in which:

FIGURE 1 is a perspective view of a small steriliza-
tion device incorporating the present invention and ca-
pable of batch or continuous operation;

FIGURE 2 is an enlarged view of one corner of the
device of FIGURE 1 which has been broken away;

FIGURE 3 is a greatly enlarged view of one of the
radiation surfaces of the device of FIGURE 1, show-
ing the coating films surrounding each of the beads;

FIGURE 4 is a cross-section taken along line 4—4
of FIGURE 3 showing the mounting plate and the
matiner in which the beads are mounted thereon;
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FIGURE 5 is a perspective view of the template and
vacuum box utilized for evenly distributing the ceramic
beads on the mounting plates;

FIGURE 6 is a view of the template of FIGURE
5 in inverted position and ready to place the evenly dis-
tributed beads on the tacky film deposited on the sterili-
zation plate;

FIGURE 7 is a perspective view, partially in section,
showing another form of the sterilization device incor-
porating the invention and having an increased flow
capacity;

FIGURE 8 is a sectional view through two adjacent
plates of FIGURE 7 showing the manner in which the
beads are staggered on each plate; )

FIGURE 9 is a modified form of mounting for the
ceramic beads which permits effective radiation from
the beads in both directions from the mounting plate;
and

FIGURE 10 is an elevational view, partly in section,
of an ion exchanger which can be connected with the
discharge passage of FIGURE 7.

The embodiment of the invention chosen for illustra-
tion in FIGURES 1-3 comprises a device 9 comprising
a rectangular-shaped container having stainless steel side
members 10 and 11 which support mounting plates 12
and 13, respectively. The mounting plates have oppos-
ing faces which are coated with ceramic particles (beads)
which have been treated with promethium-147. The
side members and plates are held apart by side strips 14
and 15 and by top and bottom strips 16 and 17, all of
which are secured in a suitable manner to the edges of
the members 10 and 11. The plate 16 contains an open-
ing for the inlet passage 18 which introduces a fluid to
be treated into the space 20 between the plates. This
fiuid flows from the space 29 through the passage 21
which is controlled by a valve 22. All of the passages
and fittings are constructed of stainless steel. Each of
the plates 12 and 13 consist of stainless steel approxi-
mately 3 mils thick and each plate is covered with a
coating 26 of porcelain or vitreous enamel which is
approximately 1 mil thick. The ceramic beads 27 are
evenly distributed on the coating 26 and then covered
with another vitreous, porcelain or vapor deposited
metal coating 28 which is approximately 2 mils thick.
The coating 28 serves to retain the beads on the plate
11 and also provides protection against their leaching
into the surrounding material in space 20. A device
with the dimensions set forth above is shown in actual
size in FIGURE 1 and has a 2-milliliter capacity which
provides a highly useful analytical tool for laboratory
use. The beads 27 have a mean diameter of about
150 microns (.150 mm.) and comprise a suitable ce-
ramic material into which has been induced a quantity
of promethium-147 to provide a radioactivity level for
the beads of approximately 200 curies per gram. The
very small beads have a very precise and uniform dis-
tribution of about 7,740 per square inch of surface of
plates 12 and 13. With this distribution and size of
beads, the device of FIGURE 1 has a total activity of
approximately 40 curies. The depth of space 20 be-
tween the plates 12 and 13 has a maximum dimension
of about 1.3 mm.

In operation, the specimen liguids, solutions or dis-
persions are admitted to the unit 9 through passage 18
with the valve 22 closed, by a hypodermic syringe or
pipette. Following the prescribed exposure time, the
specimen is then removed from the device for subsequent
examination or utilization through passage 21 by opening
valve 22. However, instead of batch treatment, the valve
22 can be set to provide a continuous flow of the speci-
men through the space 20 at a desired rate to effect the
desired radiation absorption. The invention is not limited
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in application of the treatment of liquids since various.:

closure designs may be incorporated to permit the place-
ment and radiation of solid materials in the space 23.

The uniform distribution of the beads:is in a hexagonal -

pattern with a spacing of 0.0114 inch which resulis in the =

area- density of 7,740 beads per square inch. With the :
hexagonal -pattern, the distance between individual beads -
is the same in all directions so that each bead has an equal

sphere of influence with eachiof the. other-beads.
radiation level .of 40 curies is sufficient to cover:the levels

The: -
‘10

required in sterilization and death of microorganisms-and..

~ for. analytical and quantitative fundamental research. .

In the batch-type irradiation of -a liquid specimen in‘:
device 9 ‘as previously - described, a 2.5 108 rad dose.

level-can be obtained in 4.27 hours and other dose:levels

are obtainable by simply varying the:time of-exposure.

15

In general, the number of rads that will be produced in :

sample specimens is determined by the formula
CXEX 3.7>< IO‘IOXEffX At

20

where C.is the curies, E is the energy in-m.e.v., Eg is the.

efficiency-of absorption, and -Af.is the exposure .time.

It

is therefore: possible, knowing.the value. of E and C and ;
taking an efficiency of approximately 30%, to determine :

the length of time required to produce a-required. num-

25

ber of rads in the sample material, one rad being defined -

as 100 ergs (of energy) absorbed in-one gram of material.

The isotope promethium-147 is a pure beta emitter, hav-. .

__ing a halflife of 2.6 ‘years, a maximum- energy, level of
0.223 me.e.v.,, and an effective energy of 0.069 m.e.v..

While: the surfaces of plates 12 and 13 will be slightly
dimpled because of the presence of the beads, the size
of the beads on the plates-is so small that a substantially

uniform: beta emission density will result outwardly..from-

the plates.:
When a. water solution is to be. introduced into .the

device 9,-the separation of 1.3 mm. between the plates re--

sults in the .absorption-of practically all of the beta par-
ticles which ‘are emitted outwardly from-the beads: . Beta
particles. of effective energy of:.069 m.e.v. will penetrate

.9 mm. of water and since the spacing between the plates:

is 1.3 mm:, most of the particles entering space 29
from each of the plates 12 and:13 will be absorbed. As.a
general proposition,-it is desirable to have a maximum
amount of beta particles lost in the sample and to have a

uniform density of particle absorption across the space 20.°

Also, the 30% efficiency factor takes into consideration
that approximately 50% of the particles go back into plate

12 or 13 and another portion of the particles are absorbed:

by the coating 28. - Thus, an-efficiency factor in the range
of 20-30% is considered: to be acceptable. These ef«
ficiencies of promethium=147 betas and comparative ef-
ficiencies for other beta emitters are higher than obtain-
able in prior devices and results from the fact that each
particle has-an equal sphere -of influence because it is
equally spaced from all other beads.  Also, the bead
-spacing is such that optimum distance is provided to ob-
tain the maximum radiation from each bead with mini-
mum absorption in adjacent beads, and the bead size is
such ‘as to provide minimum self-attenuation of the beta
particles:

" The beta emission from promethium-147 produces X-
rays as it travels through the component structures of de-

vice 9 and these X-rays are weak in contrast to those pro--

duced by other beta emitters.: The significance of the
weak X-rays is that the shielding requirement is either
absent or requires the presence only of a thin.plate of
plastic between the user and the. source. Actually, less
than 0.5% of the radiation energy escapes as X-rays from
the device 9.

Several methods have been developed for -the even

distribution of the ceramic beads over-the surface of the-
Referring-to FIGURES 5 and 6, a-

plates 12 ‘and 13.
template 30 :s attached to the open top of a rectangular
prismatic. vacuum box 31 in any suitable manner and
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box -31 has; an opening in its bottom: to receive vacuum
line 32. The template 30:is a sheet of thin-gauge -sheet
metal plate in which extremely small and -very closely
spaced holes are :made by an-electroetic process known

_as “electro-forming.” When finished, the perforated plate -

appears as a.very-fine mesh screen with uniformly-spaced..
holes. . By use of -thisprocess, the. holes in:. the metal plate

can be as small as:5 microns:in diameter and can be spaced

closely enough 1o occupy -over: one-half. of -the . plate’s -
surface. . Furthermore, the:holes-can be formed-having a :
circular: or other-shape-and in depth they -can be made cy-

lindrical, conical or. other special shapes. . For radiation
device 9 of FIGURE 1, the template plate has; circular :
holes: 135 microns-in diameter spaced in a regular hex-

agonal pattern 7,740 to the square inch. )

The template assembly, including the plate 30’ attached
to-the box 31,:is then placed in an-adapter.retainer: (not
shown). in the form of a slightly larger.open-top box with
sidewalls to retain the: beads and equipped with a small
electrical -vibrator. = The: beads of:150 ‘micron mean -di-
ameter are placed upon. the template 30 and .a vacuum is -
pulled: on the assembly: while the'adapter retainer:is:vi-
brated. Any template holes not filled: by beads are de-
tected by a light source 33 from within the vacuum: box -
and these- holes-are filled by a manually operated syringe
or- piston-type -applicator.-. After ‘all holes: are filled, the
complete template assembly: is removed from the retainer.:
and- inverted: while the .vacuum keeps -all beads in place
in:the template holes.. Meanwhile, a radiation: plate 12
has been:prepared. for bead. deposition by applying the. :
1-mil thick porcelain or vitreous enamel coating 26. The -
thickness of this deposition can be precisely controlled by .
known techniques, suchias spraying through: electrically”
charged ‘screens.” Thé coating .26/ is dried .in:a dust-free
environment to .a tacky condition.: .

Thereafter, the. inverted template: (see FIGURE 6) is
applied to coated plate 12 with sufficient pressure to cause:
the bead to stick to the coating 26 Thée vacuum is then
released . and .the template .removed;-leaving the beads™
deposited in a regular pattern on plate.12.: The radiation
plate .12, with beads 27 attached:to coating 26, is:then .
placed on a rotating :table and sprayed again:-with por-
celain or vitreous enamel to uniformly: cover the .beads
with a 2-mil thick coating 28.  The .radiation plate -is
then even fired to a glassy finsh. . It is of ¢ourse apparent’
that the beads.can be applied to both sides of the radia-" -
tion plate if such a structure is-desired, by repetition of the. -
process.: After-the oven firing of the plate, the plates are
ready for:assembly on side. members 10 and .11 for use in.:
radiation tests.

In:general, the larger. the size of the ceramic beads, .
the greater the emission:and the: fewer number of beads.
per- square .inch ‘will be required.: Thére .is a range of
bead sizes and beads per: square inch which will produce
a given radiation level most efficiently. . If the beads are
too small and too many,. too: much interference .exists -
between beads. and the .beads:will dispense the radiation :
into each other.” On the other hand, if the beads are-
too -large -and too- few, there can be too: much self-
attenuation:in the ‘beads .themselves and the. radiation
field will not bé as uniform as desired.: In the device 9
of FIGURE{1, a range in:bead size from 35 microns:to -
150 microns would produce satisfactory efficiency.and for
any. given radiation level the beads per square inch would *
Further, - the -
activity of the beads can range from 100:to 200 curies
per -gram.

‘While the embodiment: of FIGURE 1-utilizes beads 27
treated with. promethium-147, it is understood. that beads:
treated with strontium-90 or other: stronger. beta emitter:
can :also be wutilized :and fewer -beads would then be
required: for the same radiation level:‘across the -space
29.: It is:also understood-that the depth ‘of space 20 can
be varied. with the type.of material to be treated, since
the -penetration: of the beta particles is'a function of the
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type of specimen being treated. Also, variation in space
20 will vary the percentage of emitted particles which are
absorbed by a given material. The ceating layer 28 pre-
vents leaching of the radioactive material into the treated
specimen. In the event it is desired to shield the device
9 under conditions where it will be manipulated over a
long period of time, a plastic sheet of 14" to ¥4’ thick-
ness placed between the operator’s body and the device
will be sufficient to stop any X-rays emitted from device 9
as a result of beta particles striking the hard stainless steel
casing.. )

The template process of producing the distribution of
beads on the plates provides a high degree of reproduci-
bility and tolerance control of radiation level. Although
small individual variations occur among the beads, a high
degree of uniformity of dose application is obtained be-
cause of the high surface density of the beads. For a
small increment of volume of the irradiated sample, a
uniform and accurately calculable dose can be achieved.
The total radiation dosage can be accurately controlled
by control of exposure time. By immersion of the radia-
tion plates in a liquid phosphor or other scintillation me-
dium (in conjunction with photo multiplier, amplifier,
scalar instrumentation), the radiation dosage from each
plate can be determined to a high degree of exactitude.
The calibration of each plate can be carried out as a step
in the manufacture of the device. The date and time of
calibration can be stamped on the device, and the dosage
rates (corrected for time-dependent radioactivity decay)
can be precisely known for any time thereafter without
further calibration. While less than .5% of the radiation
energy (as X-rays) escapes from the device, this escape
factor can be precisely calibrated during the manufac-
ture. of the device by measurement with various density
specimen_ materials.

The device 9 is simple, small, lightweight, portable,
and requires no external power for operation, has no mov-
ing parts, and can be operated in a zero gravity environ-
ment. The device is designed primarily as an analytical
and quantitative tool for fundamental biomedical, bio-
chemical, and biophysical researches. By virtue of the
precise irradiation, it provides means for conducting ex-
perimentation (a) of controlled genetic changes in micro-
life forms, seed, etc.; (b) of changes in biochemical com-
pounds at specific dose levels; (¢) of the effects of radia-
tion dose levels on viruses, bacteria, yeast, molds, en-
zymes and other chemically and metabolically labile
systems; and (d) of changes in physical materials, such
as plastics, elastomers, etc.

Referring to FIGURES 7 and 8, there is shown another
form 39 of the invention which utilizes a multiple of
spaced mounting plates 40, each 3 mils thick, located
within the rectangular portion 41 of stainless steel casing
42. Any snitable structure (not shown) can support the
plates within the casing in spaced relationship. As shown
in FIGURE 8, each plate 40 has the coating 26 of 1 mil
thickness on each side for initially securing the beads 27
and the coating 28 of 2 mils thickness surrounds each of
the beads on each side of a plate. The beads 27 on each
side have a 150-micron mean diameter and 7,740 beads
per square inch are arranged in a hexagonal pattern so
that the structure on each side of the individual plates
is the same as that shown on the single plate side in
FIGURE 4. The beads are staggered on opposite sides
of each plate for minimum absorption by the beads them-
selves and to provide minimum obstruction to passage
of radiation from the beads on one side of the plate to
the medium to be irradiated on the opposite side of the
plate. The plates are uniformly stacked in sufficient
quantity and with the requisite spacing between each plate
to provide effective deactivation and sterilization of the
passing fluid at the design flow rate. The fluid to be
treated enters the passage 43 and is uniformly distributed
between the plates by virtue of the equalization of pres-
sure across the plates at the very low flow rate. The

14

10

15

20

25

30

40

50

55

60

65

70

75

6

case 42 is maintained full of treated solution, while over-
flow through tube 44 is continuous at the design flow rate.
Valves 45 and 46 serve as means for adjustment of flow.
There may be up to 100 or more plates 48 within the
stack, and the flowing liquid, to be treated by the
promethium-147 beads of approximately 200 curies per
gram activity, passes between the plates 40 and encoun-
ters the emitted radiation from the beads and thereby
undergoes deactivation and/or sterilization. To permit
effective use of the sterilization between the adjacent
plates, the spacing between adjacent plates is about 1.2
mm. . Because of the extremely small diameter of the
beads and the very close spacing of them on the plate
49, a highly uniform distribtuion of the relatively weak
beta radiation is directed into the flowing fluid. For this
teason, and for reason of low flow rate, no “channeling”
occurs which might prevent some portions of the fluid
from receiving equal radiation treatment.

1t will be obvious that each side of the plates 40 of
the device of FIGURE 7 can be prepared by the same
method as the plates 12 and 13 of the prior embodiment.
If desired, each plate 48 can be replaced by a plate 50,
which is shown in FIGURE 9, and the beads 51 on plate
50 are permitted to radiate from both sides of the plate.
Before coating with beads, the plate 50 is the same as
template 3¢ shown in FIGURE 5. In fabrication, once
the beads 51 fill all the template holes 52 in the plate 58,
they are held therein by the vacuum and the excess béads
are removed, and while the vacuum holds the beads in
place, the template is then sprayed with a suitable ma-
terial to provide a coating 53 for retaining the beads on
the plate. It is noted that this configuration permits a
more effective release of radiation from the beads where
it is desired to irradiate the fiuid on both sides of the
supporting plate. Advantage is taken of the fact that the
electro-forming process can form holes in the plate with
chamfered edges as shown in FIGURE 9. This radiation
plate configuration allows a greater amount of radiation
from the bead to reach the fliowing fluid on the wall sides
since the metal surrounding the holes is extremely thin.

The device 39 can be designed to have a flow rate of
2 grams per minute but, of course, a wide range of flow
rates may be achieved by applying suitable sealing factors
to the device. The device is particularly useful for proc-
essing human waste for possible water recovery, for bio-
logical fuel cell utilization and for other applications that
demand enzyme deactivation and/or sterilization. The
human waste material is first collected and processed prior
to being admitted into the line 43 under suitable pressure
and as a homogenous fluid mixture or solution.

In the event that potable water is required from device
39, the component ion exchanger 54 shown in FIGURE
10 can be attached to the outlet tube 44 of FIGURE 7
for further processing of the fluid. The exchanger 54
has a casing 55 containing a strong ion exchanger resin
56, such as a sodium resinate. Promethium-147, which
might leach from the beads in the sterilized device 39
and dissolve in the treated solution, is captured by the
resin which is in the form of beads of approximately 40-
mesh size held tightly as a packed bed between screens
57 and 38. The inlet passage 59, connected to passage
44, introduces the fluid to a filter-diffuser plate 60 and a
diffuser plate 61 is downstream of screen 58. The dis-
charge of potable water is from passage 62. While pro-
methium-147 is a toxic if ingested by humans (the maxi-
mum permissible concentration in water being 2% 103
microcuries per cubic centimeter for a 168-hour week),
it is regarded as safe for external use when properly con-
fined.

In both forms of the invention, the extremely small
diameter of the beads and the very close spacing of them
on the plate provide a highly uniform distribution of the
relatively weak beta radiation which is directed into the
material between the plates. Since the spacing of the
particles is uniform, each bead has the same sphere of in-
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fluence and substantially uniform radiationactivity- is -

produced between the plates.. By coating ‘the individual

particles as- they are placed on the plates, leaching-of :

the toxic radioactive -material-into - the-solution is. pre-
vented. At the-same time, the- coating -served  to.hold

the particles or: beads on the plate while permitting pas- -
sage of a large percentage of the beta energy into the -
solution. The weak ‘beta emission from promethium-147 -

produces X-rays that are very weak so that little .or no
shielding is required for safety purposes. - Generally, the
invention provides for the maximum. utilization of" the
beta particles omitted from a minimum amount of ma-
terial, thereby utilizing a minimum of beta radiation to
accomplish a desired radiation: level. The particular di-
mensions, configuration and capacities referred to herein

are solely for purposes: of :illustration and it is understood. -

that these quantities can be varied to-meet a.particular

requirement, whether for a batch ‘or continuous flow -

process. - For example, while a:150 micron mean diame-
ter particles is disclosed for the -two embodiments, the

ing requirement is eliminated or greatly reduced. When
other beta emitters such as strontium-90, are ‘utilized, the

bead size and spacing can be-optimized in a like manner:

as described -in connection with promethium-147: to pro-
vide a spacing, configuration, bead surface ‘density,-etc.
which will provide maximum efficiency in the use of the
radiation. While the same general considerations.can be

‘10

15

20
bead size can be varied over-a range-of sizes.. By select- -
ing the size and spacing of the beads to obtain maximum -
efficiency and- utilization of the beta emission, the shield- -

25

-30

applied ‘to- other beta emitters, it is understood that the -

energies and . penetrations- are - different for each ' beta
emitter. Various other modifications are contemplated

by those skilled in the ‘art without departing from- the -

spirit- and scope of the invention as hereinafter- defined:
by the appended claims.

What is claimed is:

1. A radiation sterilization device comprising:

a mounting plate;

means- associated with-said plate- for .confining a ma-
terial adjacent said plate for treatment; -

a plurality of particles located on said plate in-a hex-
agonal pattern for uniform distribution -of said par-
ticles, said particles being treated with a radioactive
isotope so that each particles is a radioactive emitter,
and;

a coating over said individual particles for resisting
leaching -of said particles into said treated material

while permitting radiated energy to enter into said .

material.

2. A radiation sterilization device as defined in claim 1,
wherein said particles are ceramic particles treated with
isotope promethium-147 to emit beta radiation. )

3. A radiation sterilization device as defined in claim 2
wherein said ceramic particles are treated to emit beta
radiation with an activity in the range of 100 to 200
curies per gram. ]

4. A radiation sterilization device as defined in claim
.2 wherein said ceramic .particles have a uniform size in
the range of 35 to 150 microns mean diameter.

5. A radiation sterilization device as defined in claim

2 ‘wherein said particles have. an:activity of 200 curies
per gram and a size of 150 miicrons, the particles be_ing
uniformly spaced apart 0.0114 inch to give a particle
density of 7,740 particles per -square inch.

6. A radiation sterilization device as defined in’ claim
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1, wherein said coating comprises an.enamel.coating of
approximately -3 mils thickness.

7. A radiation sterilization: device as defined in claim’
1, wherein ‘said  particles: are .deposited - on :an -enamel
coating ‘on said .mounting: plate of approximately:1 mil’
thickness:; -

8. ‘A radiation sterilization :device .comprising:

a plurality of : particle! mounting plates;

means for confining a material: adjacent: said plates-for
radiation  treatment;" ‘

a plurality of particles: located -on the surface of each:
plate in'a hexagonal:pattern. for uniform distribution :
of said. particles; said particles béing treated with a:
radioactive -isotope .so:that each particle is a radio-:
active  emitter, and ° -

a coating over-said individual particles for: resisting
leaching: of said particles: into. said treated -material-
while permitting radiated energy to enter: into -said .
material;

9. +A radiation. sterilization -device -as defined in claim: -

8 :wherein said . plurality “of - plates: comprises-a pair.of
mounting plates with opposed . radiating surfaces; :said
confining . means - comprising: :panel -means . extending
around the:edges of said plates.: .

10. : A radiation: sterilization device as-defined inclaim:
7 wherein said particles have approximately.a 150-micron.
mean : diameter and the: spacing between said :pair -of:
plates is approximately 1.2 millimeters. i

11. A radiation sterilization device as defined in.claim

‘8 'wherein said mounting plates. are.arranged:in:a stack

with ithe radiating surfaces spaced.apart and parallel to-
one another, said confining means comprising -a.casing
surrounding said stack.. .. i :

12. A radiation sterilization device as defired in:claim’

8 ‘wherein said confining: means contains opposed open-: -
ings for receiving inlet-and:outlet passages for said ma-:
terial, valve means in one of said ‘passages for controlling
the time of treatment of -said .material; and an:.ion ex-..
changer connected with said outlet passage to:capture any
particle .material leached into the:treated material.
13.°A radiation sterilization device comprising:-

a mounting- plate positioned :adjacent .a material to -be
treated; .

a plurality of particles uniformly distributed ‘on said-:
plate, said particles: being treated with-a radioactive
isotope:so that each particle is a radioactive- emitter;.
and:

a coating over-said individual- particles :for resisting’
leaching of said particles into said treated.material
while. permitting radiated energy to enter into said
material. .
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