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ABSTRACT OF THE DISCLOSURE 
Removing air from goods in a space during a pre 

treatment period to prepare such goods for subsequent 
sterilization by steam in the space, such pretreatment pe 
riod, including a first step in which fluid initially is evac 
uated from the space to reduce the pressure.thereinto a 
first vacuum, a second step in which steam is introduced 
into the space to increase the pressure thereinto apartial 
vacuum which is at a lower vacuum than the first vacuum 
and below atmospheric pressure, a third step in which 
fluid thereafter is evacuated from the space to reduce the 
pressure therein toward the first vacuum, and a fourth 
step in which steam is subsequently introduced into the 
space to increase the pressure therein toward the partial 
vacuum which is at a lower vacuum than the first vacuum 
and below atmospheric pressure, and evacuating fluid 
from the space during the first portion of each of the 
second and fourth steps while steam is being introduced 
into the space to promote removal of air from the goods 
to prepare, such goods for subsequent sterilization by 
steam in the space. . - 

wit."...m. 

- This invention relates to a method of removing air 
from articles or material in an autoclave during a pre 
treatment period to prepare such articles or material for 
subsequent sterilization in the autoclave. . . . . . . .'; 
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40 perature conditions as a function of time when the towels 
It is common practice to subject the articles of mate 

rial to be sterilized to vacuum prior to the sterilization 
period in order to extract air from the articles or material. 
Moreover, it is well known to subject the articles or ma 
terial to alternating positive pressure periods and vacuum 
periods during a pretreatment period to prepare such 
articles or material for subsequent sterilization by steam. 
A considerable inconvenience of these heretofore known 
methods is that, due to unsatisfactory extraction of air 
from the articles or material during the pretreatment pe 
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riod, it is necessary during subsequent sterilization of the 
articles or material to use high temperatures during a 
long sterilization period in order to secure sterilization of 
the interior of the articles or material, such as, for ex 
ample, a bundle of towels or similar articles. 
The object of the invention is to provide a simple and 

reliable method to remove air from articles or material 
during a pretreatment period to prepare such articles or 
material for subsequent sterilization by steam. 
The pretreatment period is started by first connecting 

the interior of the autoclave to a vacuum pump. When the 
pressure in the autoclave has been reduced to a first 
vacuum, steam is introduced into the autoclave to in 
crease the pressure therein to a partial vacuum which is at 
a lower vacuum than the first vacuum and below atmos 
pheric pressure. The foregoing treatment is repeated one 
or more times prior to the main or primary sterilization 
period. It is to be noted that the entire pretreatment of 
the articles or material is carried out below atmospheric 
pressure between a first vacuum and a lower partial vac 
uum which, to an essential extent, has promoted removal 
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of air... from articles and material to prepare them for 
Subsequent sterilization and has contributed to improved 
sterilization results under difficult conditions, such as, for 
example, the sterilization of tightly compressed articles 
or material. . . . . . . . . . . . . . . . . . . . . . . . . . 

According to a preferred embodiment of the invention, 
which will become apparent from the following descrip 
tion, further advantages are obtained during a pretreat 
ment period whereby, after the first vacuum has been 
produced in an autoclave by the vacuum pump, steam 
is introduced into the autoclave to increase the pressure 
therein: to a partial vacuum which is at a lower vacuum 
than the first vacuum and below atmospheric pressure and 
the vacuum pump is connected to the autoclave during the 
first portion of the pressure build-up in the autoclave; the 
vacuum pump being rendered inoperable when the pres 
sure built up in the autoclave is intermediate, and about 
midway between the first vacuum and the partial vacuum 
produced in the autoclave at the conclusion of the period 
steam is admitted to the autoclave to build up the pres 
sure therein. When the pressure increase in the autoclave 
is at the halfway mark between the first vacuum and the 
final partial vacuum which is lower than the first vacuum 
and below atmospheric pressure, the connection of the 
vacuum pump to the autoclave is closed or throttled 
whereby the steam will function to build up the pressure 
in the autoclave to the aforementioned final partial vac 
uum, after which the connection to the vacuum pump is 
completely opened again when the pressure in the auto 
clave is built up to the aforementioned final partial 
vacuum which is below atmospheric pressure. 

This invention is explained hereinafter by referring to 
the accompanying drawing showing temperature condi 
tions as a function of time in the interior of a bundle of 
towels compressed by a lead weight when the towels are 
being sterilized after first being prepared for such sterili 
zation by different methods for removing air from the 
towels during a preliminary pretreatment period. 

In the drawing, FIG. 1 diagrammatically shows tem 

undergoing sterilization have been prepared for such 
sterilization according to a conventional pretreatment 
method known in the prior art which includes a pretreat 
ment period at 96% vacuum; 

FIG. 2 diagrammatically shows temperature condi 
tions as a function of time when the towels undergoing 
sterilization have been prepared for such sterilization ac 
cording to a conventional pretreatment known in the 
prior art which includes three 80% vacuum periods and 
between these periods positive pressure periods at 0.9 
kp. (kilopond)/cm2, that is, a pressure which exceeds 
atmospheric pressure by 0.9 kg/cm2 or 1.9 atmospheres; 

FIG. 3 diagrammatically shows temperature conditions 
as a function of time when the towels undergoing sterili 
zation have been prepared for such sterilization according 
to a pretreatment method embodying my invention which 
includes three 80% vacuum periods and between these 
periods of vacuum having pressure build-up periods in 
which the pressure in the autoclave increases from a first 
vacuum to a partial vacuum which is at a lower vacuum 
than the first vacuum and below atmospheric pressure; 

FIG. 4 diagrammatically shows temperature conditions 
as a function of time when the towels undergoing sterili 
zation have been prepared for such sterilization accord 
ing to a pretreatment method embodying my invention 
which includes the same pulsations given in the preceding 
example and further includes connecting the vacuum 
pump to the autoclave during the first portions of the 
pressure build-up periods and is disconnected from the 
autoclave when the pressures in the autoclave during the 
pressure build-up periods have increased about one-half 
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of the entire pressure increase in the autoclave from the 
first vacuum to the partial vacuum which is lower than 
the first vacuum and below atmospheric pressure; and 
FIG.5 shows the temperature conditions in the auto 

clave measured at the different measuring points when 
the articles are removed from the autoclave. 

. Each of the figures comprises three curves correspond 
ing, in order from left to right, to a measuring point lo 
cated in the center of the bundle of goods, a measuring 
point located between the preceding point and the top of 
the bundle and a measuring point located above the 
bundle. From FIGURE 1 it will be evident that the tem 
perature conditions as a function of time according to 
this figure, which are encountered during sterilization, 
gives rise to considerable differences between the tem 
perature in the interior of the bundle and the temperature 
at its surface. The time period, measured from the time I 
at which the surface of the bundle of autoclave tempera 
ture has reached the sterilization temperature of 138 C., 
to the time II necessary for the temperature in the interior 
of the bundle to rise to the sterilization temperature takes 
about 8 minutes. This indicates that the prior art pretreat 
ment method for removing air from the towels to prepare 
them for subsequent sterilization, which includes a pre 
treatment period at 96% vacuum, is not satisfactory. 

In the sterilization methods employed according to 
FIGURE 2 and FIGURE 3, the corresponding time pe 
riods from time I to time II takes about 3 and 1% min 
utes, respectively. This indicates that the pretreatment 
methods employed for removing air from the towels be 
fore sterilization in accordance with FIGURES 2 and 3, 
which pretreatment methods are given above in the ex 
planation of FIGURES 2 and 3, are better than the pre 
treatment method employed to give the sterilization data 
shown in FIGURE 1 but still not completely satisfactory. 
From FIGURE 4 it will be evident that the tempera 

ture in the interior of the bundle becomes heated to a 
temperature equal to the temperature at the surface of the 
bundle before the surface or autoclave becomes heated to 
the sterilization temperature. In FIGURE 4, therefore, 
the sterilization data shows that air has been removed 
effectively from the towels during the pretreatment period 
to prepare them for subsequent sterilization by steam in 
the autoclave. As pointed out above, this is due to the fact 
that during the pretreatment period the connection to the 
Vacuum pump remains open when the first vacuum has 
been produced in the autoclave and steam is being intro 
duced into the autoclave to build up the pressure therein, 
and Subsequently the vacuum pump connection to the 
autoclave is closed when the pressure in the autoclave 
reaches the halfway mark between the first vacuum and 
the partial vacuum at the end of the pressure build-up 
period. Stated another way, fluid is evacuated from the 
Space or autoclave during the first part of the pressure 
build-up in the space after the first vacuum has been pro 
duced in the space and while steam is being introduced 
into the space to increase the pressure therein to a partial 
Vacuum which is lower than the first vacuum and below 
atmospheric pressure. 
A very important advantage of the invention consists 

in being able to remove air effectively from material dur 
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subsequent sterilization. This reduces the period of time 
during which the material to be sterilized is subjected to 
sterilization temperature without any likelihood of the 
interior of the bundle of material not being sterilized due 
to the rate at which the temperature in the interior of the 
bundle of material lags behind the temperature at the 
Surface of the bundle. 
What is claimed is: 
1. A method of removing air from goods in a space 

during a pretreatment period to prepare such goods for 
subsequent sterilization by steam in the space, such meth 
od comprising the steps of 

(a) initially evacuating fluid from the space to reduce 
the pressure therein to a first vacuum, 

(b) subsequently introducing steam into the space to 
increase the pressure therein to a partial vacuum 
which is at a lower vacuum than the first vacuum 
and below atmospheric pressure, - 

(c) thereafter evacuating fluid from the space to re 
duce the pressure therein toward the first vacuum, 

(d) subsequently introducing steam into the space to 
increase the pressure therein toward the partial vac 
uum which is at a lower vacuum than the first vac 
uum and below atmospheric pressure, and 

(e) evacuating fluid from the space during the first 
portion of each of steps (b) and (d) while steam is 
being introduced into the space to promote removal 
of air from the goods to prepare such goods for sub 
Sequent sterilization by steam in the space. 

2. The improvement set forth in claim 1 which com 
prises evacuating fluid from the space during the first por 
tion of each of steps (b) and (d) while steam is being 
introduced into the space and thereafter throttling the 
evacuation of fluid from the space in each of steps (b) 
and (d) for the steam introduced therein to function and 
increase the pressure in the space toward the partial vac 
uum which is at a lower vacuum than the first vacuum 
and below atmospheric pressure. 

3. The improvement set forth in claim 1 which com 
prises evacuating fluid from the space during the first 
portion of each of steps (b) and (d) while steam is being 
introduced into the space and terminating the evacuation 
of fluid from the space in each of steps (b) and (d) when 
the pressure in the space is intermediate the first vacuum 
and the partial vacuum which is at a lower vacuum than 
the first vacuum and below atmospheric pressure. 
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