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ABSTRACT: A method of sterilization consists of introducing 
the items to be sterilized and a sterilant into an enclosure 
made at least partially of a semipermeable membrane and 
thereafter sealing the enclosure. The sterilant in the enclosure 
is passed to the surrounding atmosphere through the 
semipermeable membrane at a rate which maintains a concen 
tration of the sterilant in the enclosure long enough to sterilize 
the items and at a rate in which neither harmful nor dangerous 
levels of the sterilant are released in the surrounding at 
mosphere. 
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METHOD OF STERILIZATION 
This application is a divisional application of copending ap 

plication Ser. No. 56l,777 ?led June 30, I966, now U.S. Pat. 
No. 3,516,223 and the aforesaid application, Ser. No. 
561,777, is a continuation-in-part of application Ser. No. 
448,090 ?led Apr. 14, 1965, now U.S. Pat. No. 3,476,506. 

This invention relates to an apparatus and method for 
managing and using volatile substances and is particularly 
adaptable for, but not limited to, use with sterilants to effect 
sterilizing of medical, surgical, dental and other products, in 
stru'ments, tools, apparatus and the like. 

Heretofore, bulk sterilization has been performed on large 
items and on large quantities of products, instruments tools 
and apparatus with gaseous sterilants, such as ethylene oxide, 
in large pressure vessels or autoclaves at elevated tempera 
tures and pressures, Presently known techniques generally 
require that the materials to be sterilized by placed in open 
plastic bags within the sterilizing vessel. The bags remain open 
during the sterilization cycle to assure that the sterilant gases 
enter the plastic bags during the relatively short sterilization 
cycles currently employed. After the bulk sterilization is 
complete, the open bags are removed from the sterilizing ves 
sel and subsequently scaled by conventional heat scaling 
equipment. One disadvantage of this known arrangement is 
that it is quite possible for the supposedly sterile materials to 
become contaminated as the open or unsealed bags are 
removed from the sterilizing vessel and transferred in the open 
atmosphere to the heat sealing equipment. 

In the present invention there is no possibility of introducing 
contamination into an unsealed enclosure or bag because the 
latter is sealed with the sterilizing gas therein. Thus, according 
to the present invention, the items to be sterilized and the 
sterilant are placed or introduced into an enclosure (e.g., a 
plastic bag) and the latter sealed, the items being sterilized in 
the sealed enclosure. The enclosure is made, at least in part, 
with a semipermeable wall capable of diffusing or passing the 
sterilant gas so that in time the sterilant gas in the enclosure 
will pass through said semipermeable wall to the surrounding 
atmosphere, the sterilized items remaining encapsulated in the 
enclosure until ready for use. The air in the enclosure may be 
partially evacuated before the sterilant is introduced therein. 

Accordingly an object of the present invention is to effect 
introduction of a volatile substance into an encapsulating en 
closure which is capable of diffusing the volatile substance to 

- the surrounding atmosphere. 
Another object is to provide a sterilization method and ap 

paratus which avoids introduction of contamination into an 
enclosure or bag containing sterilized items. 
Another object is to effect sterilization within a sealed en 

closure which is adapted to encapsulate the items being steril 
ized and keep then sterile until they are ready for use. 
A further object is the provision of a method and apparatus 

which avoids bringing into contact with the items being steril 
ized heat, moisture, or corrosive ?uids which might damage or 
impair delicate or heat-sensitive instruments. 
A further object is to provide certain improvements in the 

form,- construction, arrangement and material of the several 
elements whereby the above named and other objects may ef 
fectively be attained. 
A practical embodiment of the invention is shown in the ac 

companying drawings wherein: 
FIG. 1 is a perspective view of an apparatus for effecting en 

capsulation of items to be sterilized. 
FIG. 2 is a partial sectional view on an enlarged scale taken 

along the cutting plane II-Il of FIG. 1. 
FIG. 2A is a partial side view of the operating cam and fol 

lower shown in FIG. 2. 
FIG. 3 is a sectional view similar to FIG. 2 but on an en 

larged scale showing the pivotal arm assembly in a different 
position. 

FIG. 4 is a partial plan view of the arm assembly and as 
sociated operating mechanism, pan of which is not shown for 
the sake ofclarity. 

FIG. 5 is a partial sectional view taken on the cutting plane 
V--.V of FIG. 3. 
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2 
FIG. 6 is a schematic representation of the controls and 

other associated elements used in operating the apparatus. 
Referring to the drawings, FIGS. I and 2 show the apparatus 

for encapsulating items 9 to be sterilized within a sealed enclo 
sure in the form ofa bag 10. The items 9 are initially placed in 
the bag 10 through its open end, the bag is placed on the ap 
paratus as shown in FIG. 2, sterilant is introduced into the bag, 
and the latter is sealed, as will be described, the items 9 being 
sterilized within the sealed bag 10. The bag 10 is made of a 
semipermeable material (e.g., polyethylene film) capable of 
passing a gaseous sterilant (e.g., ethylene oxide or mixtures 
thereof) to the surrounding atmosphere at a controlled rate 
which maintains a concentration of gaseous sterilant in the 
bag 10 sufficient to sterilize the items 9 and without releasing 
dangerous or harmful concentrations of the gaseous sterilant 
to the surrounding atmosphere. After the sterilant has diffused 
slowly into the surrounding atmosphere, the sterilized items 9 
remain sterile and encapsulated within the sealed bag 10 until 
ready for use. 
Turning to the structure shown in FIGS. 1 and 2, a cabinet 

11 mounts an arm assembly, indicated generally at 12, for 
pivotal movement about an axis concentric with shaft 14. In a 
similar manner, a torpedo assembly, indicated generally at 16, 
is mounted for pivotal movement about an axis concentric 
with shaft 18. The assemblies 12 and 16 are biased against 
clockwise rotation (FIG. 2) by the tension spring 13 and com 
pression spring 15, respectively. 
The arm assembly 12 carries a support bar 19 on which are 

mounted a pair of jaws 20 and 22 which cooperate with similar 
jaws 21 and 23 mounted in fixed positions on the platform ex 
tension 24 of the cabinet 11 as will be further described. 
Clockwise pivotal movement will bring thejaws 20, 21 and 22, 
23 in general overlying alignment. 
The torpedo assembly 16 includes a pair of arms 16a, 16b 

(FIG. 4) carrying a torpedo 26at their outer ends, the torpedo 
26 being adapted to be interposed between the two jaws 20 
and 21 when the arm assembly 12 is pivoted to the position 
shown in FIG. 3. As will be described in detail, the torpedo _26 
and the pairs of jaws 20, 21 are adapted to receive the ‘open 
end of bag 10 or similar enclosure containing items 9 to be 
sterilized and to isolate the bag from the surrounding at 
mosphere as the bag is evacuated of air and sterilant in 
troduced, the jaws 22, 23 being adapted to effect a permanent 
seal on the bag 10 after the sterilanthas been introduced. 
The aforesaid is accomplished by initially placing the open 

end of the bag 10 over the torpedo 26 while the jaws 20, 21 
and 22, 23 are separated as shown in FIG. 2. The torpedo 26, 
of course, extends partially into the bag 10. Consequently, 
when the arm assembly 12 is pivoted clockwise, thejaw 20 will 
engage torpedo 26 and pivot the torpedo assembly 16 
clockwise against the bias of spring 15 to contact jaw 21, the 
jaws 20, 21 being made of a soft resilient material, e.g. rubber, 
to seal the end of the bag l0,around thetorpedo 26. As best 
shown in FIG. 5, the upper jaw 20 may have a cut out 20a to 
accommodate the torpedo 26 while the lower jaw 21 may be 
?at. 
The torpedo 26 has three passages 30, 31 and 32 therein 

(FIG. 5). The passage 31 communicates with a conduit 34 
leading to a source of reduced pressure such as'the vacuum 
pump 35 (FIG. 6) while the passage 30 communicates with a 
conduit 38 leading to a source of sterilant 39. The third 
passageway 32 communicates with a conduit41 leading, to a 
reduced pressure sensing device 42 as will be described. It will 
be apparent that the bag 10 may be evacuated of air via tor 
pedo passage 31 and thereafter, sterilant introduced via tor~ 
pedo passage 30 while the jaws 20, 21 seal the open end of the 
bag 10 around the torpedo 26. The outer jaws 22, 23 are 
spaced apart (FIG. 3) during the evacuation and introduction 
of sterilant to allow free ?ow between the passages in the tor 
pedo and the whole interior of the bag. 

After the introduction of sterilant, the arm assembly 12 is 
pivoted clockwise slightly to close the outer jaws 22, 23 on the 
portion of the bag 10 therebetween. The innerjaws 20, 21 do 
not prevent the closing of the outer jaws 22, 23 because, as 
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previously mentioned, the inner jaws 20, 21 are made of 
resilient material which can be compressed as the outer jaws 
22,23 are moved from FIG. 3 position to a closed position. 

After closure of the outerjaws 22, 23, an impulse of electric 
current is passed through a resistance wire 44 imbedded in or 
just below the surface of lower jaw 23. The upper jaw 22, 
which may be made of heat-resistance rubber, presses the bag 
down against the heating wire 44. The wire 44 rapidly heats to 
a temperature sufficient to fuse the bag 10 but below the igni‘ 
tion temperature of the sterilant thereby forming a seal in the 
conventional manner of heat sealing. 
A spring biased trimming knife, indicated generally at 46 

and having a blade 47 slidable in slot 48 (see also FIG. 4) in 
support bar 19 may then be depressed against the bias of 
spring 49 and slid transversely in the slot 48 to sever the bag 
10 between the two sets ofjaws 20. 21 and 22, 23 whereby, 
upon release of the jaws 20, 21 and 22, 23, the sealed bag 10 
may be removed. 
Turning to more speci?c constructional details of the illus 

trated embodiment, the arm assembly 12 is actuated or 
pivoted by a cam, indicated generally at 50. A follower 51 
which rides on the cam 50 is carried by a push rod 52, the 
latter being slidable in bearing 53 and having a lateral pin 54 
at its upper end which is movable in a longitudinal slot 55 in 
the end of crank arm 56, the latter being secured to the shaft 
14. The shaft 14 mounted in bearings 58 (FIG. 4) on the 
cabinet 11 carries spaced arms 60 and 61, the ends of which 
carry the support bar 19 on which the jaws 20-23 and the 
knife 46 are mounted. 

The cam 50, upon rotation in a counterclockwise direction 
(FIG. 2), is adapted to engage the follower 51 and pivot the 
arm assembly 12 to three different positions, an open position 
(FIG. 2), a torpedo-engaging position (FIG. 3), and a closed 
position in which the two outer jaws 22, 23 are mated with a 
?attened section of the bag 10 therebetween. These three 
positions are obtained by the three cam surfaces 63, 64 and 65 
respectively, which are progressively further removed from 
the axis of rotation of the cam 50. An auxiliary cam 68 is 
mounted on the main cam 50 but is arranged for partial 
pivotal movement relative to the main cam 50 about an axis 
coincident with the axis of rotation of the main cam 50. The 
main cam 50 carries a compression spring 69 which urges the 
auxiliary cam 68 towards a stop 70 protruding from the side of 
the main cam 50. The auxiliary cam 68 is shaped like a sector 
of a circle, the outer peripheral surface 68a having a radius 
which is the same as the radius of the surface 64 on the main 
cam 50. 

The main cam 50 is adapted to be driven by an electric 
motor 72 (FIG. 6) to make one complete revolution for each 
operating cycle. Thus, with the cam follower 51 on cam sur 
face 63 and the jaws 20, 21 and 22, 23 open (FIG. 2), an 
operator (having ?tted a bag 10 on the torpedo) may 
manually depress the arm assembly 12 to close thejaws 20,21 
on the bag and torpedo 26. As a result, the cam follower 51 
rises out of the path of relative pivotal movement of the aux 
iliary cam 68, thereby freeing the latter and allowing the 
spring 69 to push the auxiliary cam 68 from the solid line to 
the dotted line position shown in FIG. 2 where the auxiliary 
cam 68 will abut against the stop 70. The auxiliary cam sur 
face 68a will then underlie the cam follower 51 and hold the 
arm assembly 12 in the FIG. 3 position after the operator lets 
go of the arm assembly 12. An automatic operating cycle may 
then be initiated as will be further described. As part of the au 
tomatic cycle, the cam 50 is rotated counterclockwise (FIG, 
2), the follower 51 initially riding on the outer peripheral sur 
face 68a ofauxiliary cam 68 and then on the surface 64 of the 
main cam 50 without changing the pivotal position of the arm 
assembly 12 because, as previously mentioned, the aforesaid 
two surfaces 64 and 680 have the same radii. 

While the follower 51 is on the surface 64 of main cam 50, 
the bag 10 is evacuated of air and sterilant introduced as 
previously described. By the time the bag 10 has been evacu 
ated of air and supplied with sterilant, the cam 50 will be 
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4 
rotated by motor 72 to a position where the surface 65 comes 
under the follower 51 to thereby close the outer jaws 22, 23 
and permit the heat seal to be effected. After the heat seal is 
made, the trimming knife 46 is manually operated to severe 
the sealed bag as previously described and the cam 50 is 
rotated further until the follower 51 drops from surface 65 to 
surface 63 whereupon the jaws 20, 21 and 22, 23 are opened 
(FIG. 2). As the cam 50 rotates further, the follower 51 en 
gages the radial side surface of the auxiliary cam 68 and 
pushes the latter against the bias of spring 69 away from the 
stop 70 until the auxiliary cam 68 ?nally comes to rest in the 
solid line position shown in FIG. 2. The spring 69 is com 
pressed thereby so that the auxiliary cam 68 will be urged 
back up against the stop 70 by the spring 69 upon commence 
ment of the next operating cycle when the arm assembly 12 is 
depressed and the follower 51 raised as aforesaid. 
As previously indicated, the apparatus described above is 

adaptable to be automatically controlled. To this end solenoid 
valves 74 and 76 (FIG. 6) may be provided in the conduits 38 
and 34 leading from the torpedo 26 to the sterilant source 39 
and vacuum pump 35 respectively. These two solenoid valves, 
along with the vacuum sensing switch 42 previously men 
tioned, are electrically connected to a control unit 78 which 
includes a timer 79 and controls for starting and stopping the 
cam drive motor 72 at the proper positions of the cam 50. The 
control unit 78 may be actuated after the operator has 
manually depressed the arm assembly 12 to clamp the bag 10 
around the torpedo 26 and after the position of the bag 10 has 
been tested electrically (by means not shown) to determine if 
it has been correctly positioned around the torpedo 26. Upon 
actuation, the controls in the control unit 78 start the cam 
motor 72 to rotate the cam 50 from a position where the aux 
iliary cam operating surface 68a underlies the follower 51 to a 
position where the surface 64 on the main cam 50 underlies 
the follower 51. Also the timer 79 activates the solenoid valve 
76 connecting the vacuum pump 35 to the interior of the bag 
10 and the latter is partially evacuated. The timer 79 is electri 
cally connected to the reduced pressure sensing switch 42 
which determines when sufficient air has been withdrawn 
from the bag 10 and a partial vacuum established in the col 
lapsed bag 10. The timing device then closes solenoid valve 76 
and opens solenoid valve 74 which permits sterilant gases to 
enter the bag 10 and inflate it. At the end ofa predetermined 
time period, which is a function of the volume of the bag 10 in 
which the items 9 to be sterilized are sealed, the timing device 
closes solenoid valve 74 and terminates the ?ow of sterilant. 
Upon completion of the prevacuum and sterilant injection, 

the timer again starts the cam motor 72 to rotate the cam 50 to 
a position where the cam surface 65 underlies the follower 51 
to thereby close the outer jaws 22, 23 and thereafter provide 
the electrical impulse for the resistance wire 44 to effect the 
heat seal as previously described. The sealed bag 10 may then 
be manually trimmed by the knife 46, as described above, and 
the cam 50 rotated by the motor 72 to the initial position 
shown in FIG. 2 to release the sealed bag 10 and ready the ap 
paratus for a repeat cycle on another bag. 

Various panel lights indicated generally at 80 may be placed 
on the panel to facilitate operation and to insure that proper 
procedure is being followed. The panel lights 80 may have 
legends indicating to the operator that the apparatus is in con» 
dition to receive the bag 10 and that the arm assembly 16 is 
ready to be pushed down manually, that everything is in readi 
ness to commence introduction of sterilant, and to indicate 
the proper time to safely operate the trimming knife. Other 
lights may indicate a warning that the bag 10 has not been cor 
rectly positioned, that introduction of sterilant is in progress, 
that proper sterilization has not been achieved, etc. 

Various alternate embodiments may be employed. For ex 
ample, the automatic controls (e.g., control unit 78, timer 79, 
cam 50, etc.) may be dispensed with and the arm assembly 12 
operated manually. In place of the illustrated torpedo 26, one 
or more tubes or conduits may be employed in which case a 
temporary seal would be effected along the outer periphery of 
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the tubes as air is evacuated and sterilant introduced into the 
bag through the interior of the tubes. A single conduit or tube 
may be used for air evacuation and introduction of sterilant. 
The torpedo may take various shapes as desired, for example, 
it may have a circular cross section. The bag itself may be 
?lled through a tube (e.g., made of plastic) which is secured 
on its outer periphery directly to the bag, the tube being 
clamped or otherwise obturated to seal the sterilant in the bag. 
Sterilant may be introduced directly into the bag, for example 
from an aerosol can. The bag may be closed or sealed as a 
delivery spout is withdrawn from the bag. Different forms of 
seals (e.g., adhesive. folding, crimping and twisting) may 
replace the heat seal. The trimming knife 46 may be actuated 
automatically by a solenoid or power piston and instead of 
being transversely slidable, the blade may extend the width of 
the jaws and be mounted for up and down movement. 
Although the above described apparatus contemplates the 

introduction of one or more gaseous sterilants into the bag, it 
will be understood that sterilant in liquid form may also be in 
troduced into the bag. When using liquid ethylene oxide, for 
example, the latter may be cooled below its boiling tempera 
ture (approximately 50° F.) prior to its introduction into the 
bag 10. Apparatus for handling ethylene oxide to facilitate 
dispensing in liquid form is described in copending application 
Ser. No. 556,134, filed June 8,1966, now U.S. Pat. 3,505,775. 
As may be desired, the partial evacuation of air from the bag 
may be dispensed with prior to the introduction of sterilant. 

It will be understood that the function of the enclosure or 
bag 10 is to encapsulate the items 9 to be sterilized and the 
sterilizing medium and to diffuse the latter to the surrounding 
atmosphere. Accordingly, it will be evident that other types of 
structures utilizing a semipermeable membrane may be used 
in place of the bag. For example, the enclosure may be con 
structed partially of a rigid, impervious structure and a 

- semipermeable membrane. 

As for the material of the semipermeable membrane, a 
plastic film of polyethylene has been found to. function 
satisfactorily, although other materials may be used, for exam 
ple, polystyrene, acrylic, polyvinyl chloride, cellophane, 
SARAN, MYLAR, paper, and others. The rate of diffusion of 
the sterilant through the semipermeable walls of the enclosure 
may be controlled by selecting the proper dimensions, 
thickness, density, and pore size (i.e., permeability) of the en 
closure. 

lt will be understood that the present invention may be used 
with gases other than ethylene oxide or with mixtures of gases 
which may or may not include ethylene oxide. Also, volatile 
liquids or mixtures thereof may also be used, the example of 
liquid ethylene oxide having already been set forth above, but 
other liquids or mixtures may also be used. In addition, solids 
may also be employed in the enclosure or bag, the SOlius, of 
course, being adapted to assume a gaseous form for ultimate 
release through the walls of the semipermeable bag. The solid 
substance may be volatile at room temperature or below. An 
example of a solid which may be used is frozen ethylene oxide 
in the form of pellets. Compounds such as ethylene oxide and 
vinyl may be used. Also camphor may be used. 
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It will be understood that the volatile gas released through 

the semipermeable wall may be used for other purposes 
besides sterilization. For example, insecticides or fungicides - 
may be released through the semipermeable enclosure to the 
surrounding atmosphere at a rate affording control of insects 
and fungi in the surrounding area. When insecticides or fungi 
cides are used, these latter may be the sole substance in 
troduced into the enclosure. 

It will be understood that various changes may be made in 
the form, construction and arrangement of the several parts 
without departing from the spirit and scope of the invention 
and hence we do not intend to be limited to the details shown 
or described herein except as the same are included in the 
claims or may be required by disclosures of the prior art. 
What we claim is: 
1. The method of sterilizing medical items and the like and 

encapsulating the items in sterilized condition until ready for 
use, comprising the steps of providing an enclosure made at 
least partially of a semipermeable membrane and in which the 
items are adapted to be sterilized and encapsulated until ready 
for use, introducing through an opening of said enclosure and 
into said enclosure the items to be sterilized, temporarily in 
troducing into said opening of said enclosure a conduit means 
and temporarily sealing the opening of the enclosure about 
said conduit means and from the surrounding atmosphere, in 
troducing sterilant into said temporarily sealed enclosure by 
conducting the sterilant through said conduit means from a 
confined source external of the enclosure, maintaining the 
temporary seal of the interior of the enclosure from the sur 
rounding atmosphere while introducing said sterilant into said 
enclosure, permanently sealing the interior of said enclosure 
after the sterilant has been introduced, said permanent seal 
being effected while simultaneously maintaining said tempora 
ry seal of the interior of the enclosure, whereby said sterilant 
di?'uses from within said enclosure to the surrounding at 
mosphere via said semipermeable membrane at a rate which 
maintains a concentration of said sterilant in the enclosure 
long enough to sterilize said items. 

2. The method of sterilization according to claim 1 wherein 
said step of temporarily sealing the opening of the enclosure 
comprises applying a force to said enclosure around said con 
duit means to press said enclosure against said conduit means 
to effect a temporary seal therebetween. 

3. The method of sterilization according to claim 1 further 
comprising evacuating at least some of the air from said enclo 
sure prior to the introducing of sterilant therein. 

4. The method of sterilization according to claim 1 further 
comprising evacuating at least some of the. air from said enclo 
sure prior to the introduction of sterilant therein, said evacua 
tion step comprising passing the evacuated air through said 
conduit means via a passage in the latter. 

5. The method of sterilization according to claim 1 wherein 
said step of permanently sealing the interior of said enclosure 
comprises applying heat to said enclosure to effect a heat seal. 

6. The method of sterilization according to claim 1 wherein 
said enclosure is made at least partially of a gas permeable 
plastic film. I 


