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ABSTRACT OF THE DISCLOSURE 
The sterilizing process is carried out in a sealed con 

tainer or autoclave wherein air in the chamber is displaced 
with steam while the chamber is maintained at vacuum 
condition. The steam is fed in at a rate no greater than 
the capacity of the vacuum pump so that the pump will 
maintain the desired pressure in the chamber. Steam there 
by heats the load to the desired temperature in a short 
time and thereby creates a more e?icient and shorter over— 
all time for the sterilizing cycle. A control is used, made 
up of a needle valve in the steam line which is used to set 
the approximate ?ow rate. Actually, this ?ow rate is 
slightly greater than the ?ow rate required. An additional 
solenoid valve is placed in the steam line in series with 
the needle valve and a thermostatic control is placed in 
the chamber drain line to turn the solenoid valve on and 
off to maintain the desired load temperature at approxi 
mately 130° F. 
The turning on and off of the solenoid valve to modu 

late the drain line temperature sets up a pulsing flow of 
steam and steam pressure condition of approximately 
25 to 30 in. Hg which helps to purge the load of entrained 
air thereby heating the load more rapidly. Following the 
simultaneous application of vacuum and steam, a micro 
biocidal chemical sterilizing gas is admitted to the steriliz 
ing chamber. 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a continuation-in-part of patent ap 
plication, Ser. No. 414,721, ?led Nov. 30, 1964 and now 
abandoned. 

FIELD OF INVENTION 

This invention relates to sterilizing methods and, more 
particularly, to a method of sterilizing with a gaseous 
agent, requiring moisture for its activity whereby said 
method also insures rapid heating as well as moisturization 
of materials to be sterilized, thereby permitting shorter 
sterilizing times than have heretofore been possible in 
commercially available equipment. 

DESCRIPTION OF PRIOR ART 

The Merriam Pat. 2,080,179 discloses a sterilizing cycle 
wherein steam is introduced to the chamber after the 
chamber has been evacuated and prior to the introduction 
of gas. Merriam suggests dry steam at atmospheric tem 
perature and suggests that the product may be heated 
before putting it into the chamber. 
The Hickey Pat. 3,035,886 discloses a sterilizing process 

wherein the air from the chamber is purged with steam 
at atmospheric pressure and thereafter, ethylene oxide gas 
is introduced. 

SUMMARY OF INVENTION 

It is the purpose of this invention to provide a method 
and apparatus whereby the sterilizing cycle time is sub 
stantially shorter than conventional cycles now in use, 
and whereby the protective effect on the bacteria by con 
taminating debris or salts is minimized or overcome. 

10 

25 

30 

35 

45 

50 

55 

70 

3,598,516 
Patented Aug. 10, 1971 C6 

2 
It is another object of the invention to limit the neces 

sity for humidity measuring and control systems on gas 
sterilizers. 
These objects are accomplished by two unique innova 

tions in the method of heating and moisturizing the ma 
terial within the sterilizer chamber. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a diagrammatic view of the sterilizer chamber 
and functioning components according to the invention. 
FIG. 2 is a graph showing load temperature, chamber 

relative humidity and chamber pressure during the course 
of a typical sterilizing cycle according to the invention. 

FIG. 3 is a diagram which shows the advantage of time 
saving over a known sterilizing cycle. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

It is known in the art that the time required to sterilize 
with ethylene oxide is inversely proportional to the tem 
perature of the most remote part of the materials to be 
sterilized with ethylene oxide. Laboratory investigations 
revealed that injection of steam into the chamber at low 
absolute pressures was the most rapid way practical to 
heat materials contained within said chamber. It was dis 
covered that to carry out such a process most ef?ciently 
a chamber containing materials to be sterilized may be 
evacuated and steam may be injected into the chamber 
simultaneously with the evacuation. Such operation may 
be continued for a suf?cient time to allow the steam to 
displace substantially all air from the materials in the 
chamber and to establish the desired temperature in the 
goods. 

Because steam moisturizes materials upon which it con 
denses during the heating process, near complete humidi~ 
?cation of the materials results. Both the heating and 
the humidi?cation process, however, are dependent upon 
substantially complete elimination of air from the cham 
ber and the materials contained therein. Experimental 
studies showed that air admitted to the sterilizer together 
with the injected steam at low pressure interfered with 
sterilization of bacterial spore control. 
When the vacuum-steam portion of the cycle has been 

continued for a sui?cient time for the materials to achieve 
a suitable temperature, for example, 130° F. plus or 
minus 5° F. throughout the materials being preferred, 
the vacuum line is closed and the sterilizing gas is ad 
mitted to the chamber until a suitable gas concentration is 
achieved. The gas admission is then terminated, gas con 
centration being maintained, however, by adding make up 
gas to the chamber as required. Experiments have shown 
that steam, together with the gas in addition to the humidi 
fying initially, was advantageous to obtain a sterility of 
spore test preparations in which the spores were protected 
by salts or cellular and organic materials. It is therefore 
desirable to add steam during gas change. 

In carrying out the invention, a sterilizing chamber 10 
was out?tted with a vacuum pump 12 connected to the 
drain line 13 in the bottom of the chamber. A heat ex~ 
changer 14 was provided and steam at, for example, 50 
to 80 p.s.i.g. connected as indicated. To heat, steam is 
fed to the sterilizer chamber through the charging line 5. 
Steam was admitted to the chamber through the heat 
exchanger through the metering valve 17 and the solenoid 
valve 16. The ethylene oxide was admitted through valve 
18 and through the heat exchanger 14 to the sterilizer 10. 
The walls of the sterilizer chamber were preheated by a 
steam jacket (not shown) to the desired temperature. 
A thermostat 23 in the drain line controlled the sole 

noid valve in the steam line so that the temperature of 
the drain line remained at approximately 130° F. The 
metering valve 17 was set to give a ?ow slightly above 
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that required to maintain the desired temperature in the 
chamber, the proper amount of steam being controlled 
by solenoid valve 16 actuated by thermostat 23. The gas 
may be ?ushed from the chamber by ?ltered air by way 
of valve 21 and ?lter 22. All pressures referred to in this 
speci?cation are absolute pressures unless otherwise stated. 
The following are examples of operating cycles: 

EXAMPLE I 

( 1) Load the chamber with materials to be sterilized. 
(2) Start vacuum pump 12. 
(3) Open valve 19 and valve 17 and valve 16 to admit 

steam through the heat exchanger 14 at a rate that is 
'slightly greater than that necessary to maintain the tem 
perature of approximately 130° F. in the load. 

Continue evacuating and injecting steam for a pe 
riod of time necessary for the temperature of the load to 
reach 130° F. throughout. 

(4) Close valve 19 and open valve 18 to admit steriliz 
ing gas leaving valve 16 open to admit sterilizing gas and 
steam simultaneously to chamber 10. Continue admission 
of gas and steam until the chamber pressure reaches 8 
p.s.i.g. 

(5) Close valve 17 and valve 18. Maintain pressure for 
one half hour by adding ethylene oxide mixture as neces 
sary through valve 18. 

(6) Open valve 19 and evacuate chamber 10 to 26 
inches Hg. 

(7) Close valve 19 and open valve 21 to admit sterile 
air through ?lter 22. 

Employing the method and apparatus just described, 
the cycle time required to sterilize materials and bacterial 
spores Within the chamber was reduced to less than 60 
minutes from the 4 to 6 hour cycle common to conven 
tional systems. Furthermore, this improved method is 
capable of destroying spores encapsulated within salt crys 
tals and embedded in organic materials within 1 or 2 
hours as opposed to the inability of conventional systems 
to sterilize such preparations regardless of time employed 
within reasonable limits. 

EXAMPLE II 

The chamber was loaded with a cardboard carton con 
taining as many cardboard inserts as the carton would hold 
with sterility predicated upon the sterilization of a num 
ber of accepted sterility contols inserted in the load. The 
cardboard carton was 12 x 12 x 22 inches in dimension. 
Thermocouple lead wires were connected to a potentiom 
eter for measuring temperature rise within the cardboard 
carbon placed in various locations. A humidity sensing 
element for measuring the moisture content of the load 
was inserted in the cardboard carton. 

Sterility controls consisting of glassine envelopes con 
taining strips of ?lter paper impregnated with bacterial 
spores and dried at standard temperatures and pressures 
and spore-containing ceramic tiles, also packed in glassine 
envelopes, were placed in select locations inside the card 
board cartons. After placing the prepared and sealed card 
board cartons into the sterilizing chamber and activating 
the temperature recording potentiometer and humidity 
detecting equipment, the gas cycle as described above was 
initiated, using the following steps: 

(1) Evacuate the chamber to 20 in. Hg and introduce 
steam during the time of evacuation at a rate equivalent 
to that required to maintain a load temperature of 130° 
F. with the vacuum system in operation. 

(2) Maintain these conditions for a period of 20 min 
utes. 

(3) Introduce an ethylene oxide-Freon gas sterilizing 
mixture to a chamber pressure of 8 p.s.i.g. at a rate of 
.50 lb./minute. 

(4) Expose material load at 8 p.s.i.g. for a period of 
60 minutes. 

(5) Exhaust chamber to atmosphere and evacuate to 
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26 in. Hg and ?ush chamber with ?ltered air to atmos 
pheric pressure. 

(6) Repeat step 5. 
( 7) Remove material load and test sterility controls for 

sterility using accepted bacteriological techniques. 
Results: Sterility results were satisfactory. 

EXAMPLE III 

The chamber was loaded with packaged articles rep 
resentative of those commonly used in a typical hospital 
load as predicated upon the sterilization of a number of 
accepted sterility controls inserted in the packaged articles 
and using the gas cycle as described herein. 

In this example, the steps were exactly as in Example 
II with the exception that the exposure period was 35 
minutes. 

Results: Load temperatures, humidity readings and 
chamber temperatures were comparable and closely sim 
ilar to those illustrated in Example II. Sterility results 
were satisfactory. 

EXAMPLE IV 

A typical load of hospital packaged articles with steril~ 
ity predicated upon the sterilization of accepted sterility 
controls inserted in the packaged articles was placed in 
the chamber. The materials were made up of hospital 
articles consisting of packaged rubber cathethers, pack~ 
aged anesthesia equipment and packaged surgical dress 
ings placed in metal trays to simulate a typical hospital 
load. 
The steps were carried out as in Examples II and III. 

The exposure period used was 40‘ minutes. 
Results: The load temperature, humidity and chamber 

temperatures were closely comparable to those in the prior 
examples. Sterility results were satisfactory. 

EXAMPLE V 

A load of packaged hospital materials typical of ma~ 
terials used in hospitals and predicating sterility upon the 
sterilization of accepted sterility controls inserted in the 
packaged articles and using the gas cycle as described 
in Example II. 

Materials consisted of such articles as packaged plas 
tic boxes, suction catheters, plastic tubes and items of small 
glassware were used to make up the test load. 
The cycle was carried out as described in Example II 

allowing for exposure time of 45 minutes. 
Results: The results were satisfactory. 

EXAMPLES OF TESTS WHEREIN THE 
RESULTS WERE UNSATISFACTORY 

That is, non-sterility of the load resulted. 
In contrast to the tests described above and to illus 

trate the ineffectiveness of gas cycles which are somewhat 
similar to that described but which differ in certain pre 
conditioning techniques, the following examples are pre 
sented. To illustrate the manner in which the gas cycles 
differ from those of the original cycle, a comparison of 
the cycle variations with the patent application cycle was 
made as follows: 

EXAMPLE I(A) 

Comparison of cycles 
A chamber was loaded with a number of sterility con 

trols comprising spore contaminated strips of ?lter paper 
packaged in glassine, paper, muslin and plastic ?lm en 
velopes, glass beads contaminated with water, saline and 
blood serum spore suspensions, and also packaged in simi 
lar envelopes and cotton-plugged test tubes containing 
spore strips and spore contaminated glass beads were 
placed in the material load comprising 6 cardboard car 
tons with cardboard inserts to illustrate a full hospital 
load of porous materials. The load was placed in the 
sterilizer and exposed to the inoperable cycle for a pe 
riod of 15 minutes. 
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Patent application cycle Cycle variation 

(8) Chamber vacuum with steam (a) Chamber vacuum with steam 
injection for 20 minutes (pre- injection for 20 minutes. 
conditioning) . 

(b) Gas charge with steam to 8.0 (b) Gas charge with steam to 8.0 
p.s.i.g. in 2—3.0 minutes. .s.i.g. in 2-3 minutes. 

(0) Exposure period of 60 minutes._ (0) Exposure period of 15 minutes. 
(d) Cliambgr temperature: 130° ((1) Cli‘amlsiter temperature: 130° 

Results satisfactory Results unsatisfactory 

EXAMPLE II (A) 

Cycle variation Patent application cycle 

(a) Chamber vacuum with steam (a) Chamber vacuum with steam 
injection for 20 minutes (pre- injection for 10 minutes. 
conditioning 

(b) Gas charge with steam to 8.0 (b) Gas charge with steam to 8.0 
p.s.i.g. in 2-3.0 minutes. p.s.i.g. in 2-3.0 min. 

(0) Exposure period of 60 minutes__ (0) Exposure period of 30 minutes. 
((1) Cliamlggr temperature: 130° ((1) Cliamg‘er temperature: 130° 

Results satisfactory Results unsatisfactory 

Material load.—A material load was prepared for this 
test comprising three cardboard cartons (91/2 x 91/2 x 151/2 
inches) ?lled with cardboard inserts. 

Sterility test results are shown in Example II(A). 
EXAMPLE III(A) 

Patent application cycle Cycle variation 

(a) Chamber vacuum with steam (a) Chamber vacuum with no 
injection for 20 minutes (pre~ steam injection. 
conditioning). 

(b) Gas charge with steam to 8.0 (b) Gas charge with steam to 8.0 
p.s.i.g. in 2-3.0 minutes. p.s.i.g. in 2-3.0 min. 

(0) Exposure period of 60 minutes__ (0) Exposure period of 60 min. 
(d) Cg?mbgl‘ temperature: 130° (d) Cllr?amgter temperature: 130° 

Results satisfactory Results unsatisfactory 

Material load-The material load for this test was 
identical to that described for Example 11. 

Sterility controls.-The sterility controls were identi 
cal to those listed for Example II and were inserted in 
side the three cardboard cartons in approximately the same 
areas as those employed in Example II. 

EXAMPLE IV(A) 

Cycle variation 
(unsuccessful cycle) 

Patent application cycle 
(successful cycle) 

(:1) Chamber vacuum with steam (a) Chamber vacuum with steam 
injection for 20 minutes (pre- injection ior 10 minutes. 
conditioning). 

(b) Gas charge with steam to 8.0 (b) Continuation of vacuum with 
p.s.i.g. in 2-3.0 minutes. steam<air mixture for 10 

minutes. 
(0) Exposure period of 60 minutes__ (0) Gas charge with steam to 8.0 

p.s.i.g. in 2-3.0 min. 
(d) Cliambsr temperature: 130° (d) Exposure period of 60 min. 

(e) Chamber temperature: 130° 
115°. 

Results satisfactory Results unsatisfactory 

Material load.—The material load for this test com 
prised the same type and number of cardboard cartons 
as used in Example II. 

Sterility controls.—Sterility control specimens identi 
cal to those used in Examples I, II and III were inserted 
in each of the three cardboard cartons in the same areas 
used in the previous tests. 

EXAMPLE V(A) 

Cycle variation Patent application cycle 

(a) Chamber vacuum with steam (a) Chamber vacuum——steam 
injection for 20 minutes (pre- injection for 8.0 min. 
conditioning) . _ 

0)) Gas charge with steam to 8.0 (b) Continuation of chamber 
p.s.i.g. in 2-3.0 minutes. vacuum with steam and air 

injection for 10 min. 
(c) Exposure period of 60 minutes__ (0) Gigs charge to 8.0 p.s.i.g. in 

3.0 minutes. 
((1) Chamber temperature: 120° F. (d) Exposure period of 120 minutes 

-.t: 5 . 
(e) Chamber temperature: 130° 

F.=|=5°. 

Material load.—The material load for this test was 
identical to that described for Example II. 
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Sterility control.—The sterility controls were similar to 
those listed for Example II and were inserted inside the 
three cardboard cartons in approximately the same areas 
as those employed in Example H. 

Results.—Sterility of the sterility controls was not 
achieved in this test due to the irregular conditions em 
ployed in the preconditioning phase. 

EXAMPLE VI(A) 

Patent application cycle Cycle variation 

(a) Chamber vacuum with injec- (a) Chamber vacuum with steam 
gon_for)20 minutes (precondi- injection for 8 minutes. 
oning . 

(b) Gas charge with steam to 8.0 (‘0) Gas charge to 8.0 p.s.i.g. in 
p.s.i.g. in 2-3.0 minutes. 2-3.0 mi . 

(c) Exposure period of 60 minutes" (c) Exposure period of 30 minutes. 
((1) Chamber temperature: 120° ((1) Chamber temperature 130° 

F.:|=5°. F.=|=5°. 
Results satisfactory Results unsatisfactory 

Material Load.-A material load was prepared for 
this test comprising a typical hospital load of a variety 
of typical hospital items such as surgical instruments, 
face masks, rubber gloves, and catheters, wrapped in 
paper and polyethylene ?lm (2.0 mils thickness). 

CONCLUSIONS 

It was concluded that the overall results of the studies 
conducted showed that a properly synchronized precon 
ditioning period was necessary in order to achieve steril 
ity of the load materials. This is illustrated by the manner 
in which a controlled ?ow of steam is introduced into 
the chamber during the initial vacuum resulting in the 
maintenance of a speci?c range of absolute pressure 
within the chamber and the continuous ?ow of a time 
period su?icient for the goods to equilibrate in temper 
ature and become moisturized. 
The attached examples show that under these condi 

tions, the material load is heated and moisturized to a 
condition in which sterility is attained within a period 
shorter than many of the presently used ethylene oxide 
cycles. 

In contrast, when the preconditioning factors are 
changed or modi?ed to the extent that the desired cham 
ber absolute pressure is not attained or, if attained, is 
not maintained for a sufficient period of time resulting 
in an unheated condition of the goods and non-moisturized 
goods, sterility is not achieved even though the actual 
exposure times of the material load to the sterilizing 
agent are exactly the same.’ 

Graph lines, FIG. 3 
FIG. 3 shows the relationship of load temperatures 

occurring in a gas cycle utilizing the steam precondition 
ing phase described herein and in a gas cycle where 
the preconditioning phase is Omitted. 

Line ACD shows a pressure-time curve in a sterilizing 
cycle where gas is admitted immediately after vacuum 
is established. Line HI is a load temperature curve which 
occurs under the conditions designated ‘by line ACD. 
Line AKI shows a pressure-time curve in a sterilizing 
cycle, such as described in the present disclosure; in which 
steam is introduced for conditioning at point B. Line 
EFG is a temperature-time curve which occurs wherein 
steam is injected’ at the beginning of the Nacuum or con 
ditioning cycle in accordance with the method disclosed 
herein. This line shows that the load being sterilized 
has reached the desired operating temperature prior to 
the time the gas is admitted at point K. 
The graph shows that in the cycle disclosed herein 

the load temperate reaches the desired value through 
out in about 10 minutes. In the same time, using a cycle 
in which steam is not admitted according to the dis 
closed method, the load temperature had reached only 
about 27° C. (80° F.) at the time gas was admitted. 
This temperature is far below the desired operating 
temperature. 
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Since gas sterilization takes place at a very slow rate 

at 27° C. (80° F.), this particular cycle had to be a 
great deal longer in time than the cycle disclosed. 
By contrast, with a cycle shown by curve EFG, the 

temperature of the center of the load had reached the 
desired 54° C. (130° F.) in a much shorter time thus 
allowing for a much shorter sterilizing time. Thus, it is 
clear that with the cycle Where steam is injected during 
the time the chamber is being evacuated, the load tem 
perature reaches the desired 54° C. (130° F.) before 
gas admission. Therefore, FIG. 3 shows that the total 
cycle time with steam injection in accordance with the 
examples disclosed herein will be shorter than with prior 
cycles. 

In summary, rise of load temperature is very slow, 
particularly when the preconditioning cycle is omitted 
and the ethylene oxide mixture is introduced into the 
chamber immediately after the desired initial vacuum is 
obtained‘. Since it has been established that the load of 
materials is, no doubt, moisturized during the precon 
ditioning phase, although the actual concentration of 
moisture is not intentionally measured or even maintained 
at a selected level, humidity curves have been omitted 
from the graph. As indicated in FIG. 3, load temper 
atures occurring during the disclosed cycle using no con 
ditioning are very slow in rising to the desired operating 
temperature, 54°C. (130° F.). Signi?cant temperature 
rise occurs only after the chamber has been charged 
and the exposure period has been initiated. This is in direct 
contrast to the shown in the curve EFG where load 
temperatures rise during the steam-vacuum conditioning 
phase and reach the desired operating temperature be 
fore the chamber is charged with gas. 
The embodiments of the invention in which an ex 

clusive property or privilege is claimed are de?ned as 
follows: 

1. A method of sterilizing comprising 
loading a sealed chamber with articles to be sterilized, 
applying a vacuum means to said chamber thereby 

reducing the pressure below atmospheric and simul 
taneously admitting steam to said chamber at a rate 
that will maintain the temperature of said chamber 
at a desired temperature, and continuing said simul 
taneous vacuum application and steam admission 
for a predetermined period, 

and stopping said vacuum means and stopping said 
steam means to said chamber and admitting a micro 

biocidal chemical sterilizing gas to said chamber, 
and maintaining said sterilizing gas in said chamber 
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for a predetermined time period for sterilization 
of the articles disposed therein. 

2. The method recited in claim 1 wherein said vacuum 
means maintains said chamber at approximately 20 
inches Hg absolute. 

3. The method recited in claim 1 wherein said sterilizing 
gas is ethylene oxide and said sterilizing gas is admitted 
at the rate of approximately 0.5 pound per minute. 

4. The method recited in claim 3 wherein said steam 
and said vacuum are maintained in said chamber for a 
period as determined by the size of the load to ensure 
maintenance of said desired temperature. 

5. A method of sterilizing comprising 
loading a sealed chamber with articles to be sterilized, 
applying a vacuum means to said chamber thereby 

reducing the pressure in the chamber below atmos 
pheric and simultaneously admitting steam to said 
chamber at a rate that will maintain the temper 
ature of said chamber at a desired temperature, and 
continuing said simultaneous vacuum application 
and steam admission for a predetermined period, 

and stopping said vacuum means and stopping said 
steam means to said chamber and admitting a mix 
ture of microbiocidal chemical sterilizing gas and 
steam to said chamber to bring the pressure in said 
chamber to a desired pressure and maintaining said 
mixture of sterilizing gas and steam in said chamber 
for a predetermined time period for sterilization at‘ 
the articles disposed therein. 
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