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(57) ABSTRACT 

A method for cleaning objects in a pressure vessel with 
liquefied gases is provided. The gas liquefied under preSSure 
is conducted into the pressure vessel. The temperature of the 
liquefied gas then, or beforehand, is lowered below the 
critical temperature of the gas and cleaning is performed at 
least primarily below the critical temperature and below the 
critical pressure of the gas. Carbon dioxide at temperatures 
between -20° C. and +20 C. is especially suitable. The 
mechanical interactions produced by the increased density 
and Viscosity of the liquefied gas reinforce cleaning. 
Reduced Solvent capacity does not influence the effective 
neSS of the cleaning. Textiles or components can therefore be 
cleaned at lower pressure and temperature. 

22 Claims, 1 Drawing Sheet 
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CLEANING WITH LIQUID GASES 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

The invention relates to a method for cleaning objects in 
preSSure vessel with liquefied gases. 
A method of this kind for cleaning workpieces, especially 

metal pipes, containing organic residues Such as oils and 
greases is known from patent application WO92/14558. In 
this application, liquefied gases Such as carbon dioxide are 
used as the cleaning fluid. The cleaning fluid is conducted 
into a pressure vessel loaded with the workpieces and 
circulated therein by means of an impeller. After the clean 
ing process is complete, a portion of the fluid laden with 
organic residues is conducted out of the pressure vessel 
together with fresh cleaning fluid into another pressure 
vessel. The Surface tension of the remainder of the fluid 
loaded with impurities is reduced by a turbine, causing the 
impurities to precipitate out. The cleaned workpieces are 
then removed from the empty pressure vessel, while addi 
tional workpieces can be cleaned in the Second preSSure 
vessel. 

In addition, a device for cleaning Smaller workpieces that 
uses liquefied gases is known from German patent document 
DE-42 30 385. In the German patent document, a drum is 
mounted rotatably and/or pivotably in a pressure-tight con 
tainer and is connected to a drive device. The rotation of the 
drum Sets both the cleaning fluid in the pressure-tight vessel 
and the objects present in the drum in turbulent motion, thus 
increasing the cleaning effect. Chemical Solvents, mechani 
cal Scouring agents, and added insert gases can increase the 
cleaning effect. To permit quasi-continuous operation, at 
least one lock for loading and unloading the objects is 
provided on the pressure-tight vessel. These lockS make it 
unnecessary to completely vent the pressure-tight vessel to 
load or remove the objects. 

Liquid carbon dioxide attemperatures between 20 C. and 
approximately 30°C. is used in the method in the two patent 
documents mentioned above, with pressures corresponding 
to the vapor preSSure values. 

In addition, a method for cleaning textiles by means of 
liquefied or supercritical carbon dioxide is known from WO 
94/01613. In this patent document, the carbon dioxide is 
conducted into a pressure vessel loaded with the textiles at 
temperatures between 20 C. and 100° C. and corresponding 
pressures between 60 and 350 bars. After the textiles have 
been washed, displacement rinsing is performed using a 
Second fluid. The Second fluid is again a compressed gas 
Such as air or nitrogen. 
A method for removing impurities from a Substrate is 

known from WO 90/06189. In this patent document, a 
Substrate is brought into contact by means of a compressed 
gas with fluid-like density at critical or Supercritical 
preSSure, with the phase of the gas being shifted between the 
liquid State and the Supercritical State by varying the tem 
perature of the gas in a Series of Stages between Supercritical 
temperatures and Subcritical temperatures. This multistage 
temperature variation is discontinued by a change in the 
cohesion energy content of the gas in the dense phase. An 
effort is therefore made to adjust the solvency of the com 
pressed gas relative to an impurity in an effective manner. 
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2 
Mechanical interactions between the compressed gas and the 
impurities are not taken into account. 

These known cleaning methods utilize the cleaning ability 
of compressed fluids, which increases drastically in the 
Supercritical range. Supercritical carbon dioxide with a 
temperature above 31 C. at pressures above 73.7 bars has 
a density comparable to the liquid phase and a good Sol 
Vency that increases even further with an increase in tem 
perature. Of course, the interactions of the fluid with the 
Substance to be dissolved (impurities) are important for the 
Success of the cleaning. 

In the practical application, these cleaning methods Suffer 
from an important disadvantage that lies in the use of high 
(Supercritical) pressures, which in turn necessitates the use 
of expensive preSSure vessels with high energy and equip 
ment COStS. 

The goal of the present invention is therefore to develop 
a cleaning method using liquefied gases in which the same 
cleaning results can be achieved at lower cost. 

This goal is achieved according to the invention by Virtue 
of the fact that gas liquefied under pressure is conducted into 
the preSSure vessel containing objects to be cleaned. The 
temperature of the liquefied gas is then (or even earlier) 
lowered below the critical temperature of the gas. Cleaning 
is conducted at least primarily below the critical temperature 
and below the critical temperature of the gas. 

Other objects, advantages and novel features of the 
present invention will become apparent from the following 
detailed description of the invention when considered in 
conjunction with the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

The figure is a Schematic diagram of a pressure vessel 
having a drum therein for use with the method according to 
the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Surprisingly, it has been found that the density and 
Viscosity of gases to be compressed to the liquid phase can 
be increased by lowering the temperature Sufficiently far 
below its critical temperature. The mechanical interactions 
between the cleaning fluid and the impurities guarantee 
cleaning SucceSS although the Solvency of the liquefied gas 
under these physical parameters is drastically reduced in 
comparison to the previous method. 
The increased mechanical interaction lies in a higher mass 

transport of fluid to the surface to be cleaned because of the 
increased density and in the greater shearing forces between 
the fluid and the Substrate Surface because of the increased 
Viscosity of the fluid. The Viscosity increases exponentially 
with the reciprocal of the temperature. 
To remove organic residues for example, noble gases Such 

as helium or argon, hydrocarbons Such as methane, ethylene, 
propane, ethene, or propene, as well as trifluoromethane, 
carbon dioxide, dinitrogen monoxide, and Sulfur hexafluo 
ride are Suitable as fluids for example. 

For cleaning, the liquefied gas is loaded into the pressure 
vessel until it fills a portion thereof. The liquefied gas is then 
in equilibrium with its gaseous phase. After a certain clean 
ing time, the pressure vessel may be further filled with 
liquefied gas until it is exclusively in the liquid phase. Then, 
the density and Viscosity of the liquid can be increased even 
further when the pressure in the preSSure vessel is increased 
while keeping the temperature constant. 
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For known reasons, carbon dioxide is especially prefer 
able and is used at pressures from below 60 bars with an 
equilibrium of the liquid and gaseous phases at temperatures 
between -20° C. and +20 C. for the cleaning method 
according to the invention. 

Unexpectedly, in this parameter range the mechanical 
interactions of the liquefied carbon dioxide with high density 
and Viscosity overcome the reduced Solvency. 

During cleaning or at the beginning thereof, the pressure 
vessel can be filled completely with liquid carbon dioxide, 
with the temperature then being kept constant at a value 
between -20° C. and +20 C., and the pressure being raised 
to a value above the corresponding value on the vapor 
preSSure curve. 

The mechanical interactions can be increased if the liq 
uefied gas and/or the object to be cleaned are circulated in 
the pressure vessel 10 (see the Figure). This is accomplished 
in known fashion via an impeller or a rotatable drum 12 in 
the pressure vessel 10. 

If the pressure vessel is only partially filled with liquefied 
gas, additional frictional action on the Surface of the con 
taminated objects takes place when the objects to be cleaned 
are circulated, as a result of the objects being constantly 
lifted out of, and Submerged in, the liquid phase. 
When a rotating drum is used, the mechanical interaction 

can be increased if the drum is operated intermittently and/or 
with a change in the direction of rotation (See arrows in the 
Figure). 

Especially good cleaning results for contamination with 
organic residues Such as oils and greases are obtained by 
using carbon dioxide at temperatures of 5 C. to 15 C., 
preferably 10° C. 

In this type of cleaning, pressure values that are lower by 
comparison with the known method are especially 
advantageous, beginning with a temperature drop in contrast 
to the temperature increase required in earlier cleaning 
methods. This means firstly a reduced energy expenditure 
and Secondly, lower System costs for System components 
that are resistant to high pressure. For the cleaning method 
according to the invention for example, liquefied carbon 
dioxide which is liquid at room temperature (25 C., 67 bars) 
is cooled to 10 C. and placed in a pressure vessel designed 
for approximately 100 bars. The addition of enzymes, 
emulsifiers, and/or Surfactants (detergents) that are Suitable 
for liquefied carbon dioxide for example can further increase 
the success of cleaning. Suitable additives will be found by 
the individual skilled in the art in the pertinent literature, for 
example in the Specification of European Patent document 
EP-O 53O 949-A1. 
The method according to the invention has proven in 

many tests to be especially effective for cleaning textiles. It 
is also Suitable for cleaning metal Surfaces or electronic 
assemblies such as PC boards to remove impurities that 
mostly contain organic residues. 

In one version of the method according to the invention, 
test fabric contaminated with various greases was cleaned in 
a pressure vessel to which liquefied carbon dioxide had been 
added. The pressure vessel contains a drum that rotates 
inside the pressure vessel, causing the textiles and the 
liquefied gas to move relative to one another. The gas is 
drawn from a Supply container in which carbon dioxide 
liquefied under preSSure is at ambient temperature, and the 
preSSure vessel is partially filled. The temperature in the 
pressure vessel is lowered to about 10 C., while the drum 
is Set rotating. 

During cleaning, the liquid and gaseous phases through 
which the test fabrics are transported mix with one another, 
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4 
So that frictional effects occur that promote cleaning. If 
necessary, after a certain period of cleaning, the preSSure 
vessel can be filled completely once again, and the tempera 
ture of the liquid carbon dioxide is kept constant at about 10 
C. while the pressure is raised to more than 45 bars. The 
pressure can be increased up to 70 bars (below critical 
pressure), for example. Cleaning results however are com 
pletely Sufficient with a lesser pressure increase, So that 
operating and System costs can be reduced significantly in 
comparison to previous cleaning methods. 
The working of the method and possible addition of 

Surfactants can be Selected as a function of the type of 
contamination. After cleaning, the contaminated carbon 
dioxide is removed and can be reused after reduction of 
Surface tension, when the impurities precipitate out. This 
contributes to environmental protection and reduces costs 
further. 

Although the invention has been described and illustrated 
in detail, it is to be clearly understood that the same is by 
way of illustration and example, and is not to be taken by 
way of limitation. The Spirit and Scope of the present 
invention are to be limited only by the terms of the appended 
claims. 
What is claimed is: 
1. A method for cleaning objects in a pressure vessel using 

carbon dioxide, the method comprising the steps of: 
conducting the carbon dioxide under pressure into the 

preSSure vessel containing the objects to be cleaned, 
wherein the pressure vessel is Only partially filled with 
liquid carbon dioxide, 

maintaining Or lowering the temperature of the carbon 
dioxide below the critical temperature; and 

performing a cleaning operation at least primarily below 
the critical temperature and below the critical pressure 
of the carbon dioxide, wherein liquid and gas phases of 
the carbon dioxide are in equilibrium for a portion of 
the cleaning; 

wherein the temperature is kept constant at a value 
between -20° C. and +20 C. and the pressure is raised 
to a value above the corresponding vapor pressure 
during a portion of the cleaning. 

2. The method according to claim 1, wherein the cleaning 
operation further comprises the Step of circulating at least 
one of the carbon dioxide and the objects to be cleaned in the 
preSSure vessel. 

3. The method according to claim 2, wherein Said circu 
lating Step is carried out via a drum mounted at least one of 
rotatably and pivotably in the preSSure vessel, and wherein 
Said drum is operated at least one of intermittently and with 
a changing direction of rotation. 

4. The method according to claim 1, wherein the carbon 
dioxide in the cleaning step is at a temperature of 5 C. to 
15° C. 

5. The method according to claim 1, wherein the carbon 
dioxide in the cleaning step is at a temperature of 15 C. 

6. The method according to claim 1, further comprising 
the Step of adding at least one of enzymes, emulsifiers, 
Surfactants, and detergents to the carbon dioxide. 

7. The method according to claim 1, wherein said method 
is used for cleaning textiles. 

8. The method according to claim 1, wherein said method 
is used for cleaning components. 

9. The method according to claim 1, wherein the pressure 
vessel is only partially filled with the carbon dioxide. 

10. The method according to claim 1, wherein the 
pressure vessel is completely filled with the carbon dioxide. 
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11. The method according to claim 1, wherein the preSSure 
of the carbon dioxide is below 60 bars. 

12. The method according to claim 2, wherein the carbon 
dioxide in the cleaning Step is at a temperature of 5 C. to 
15° C. 

13. The method according to claim 4, wherein the carbon 
dioxide in the cleaning Step is at a temperature of 10° C. 

14. The method according to claim 2, further comprising 
the Step of adding at leaSt One of enzymes, emulsifiers, 
Surfactants, and detergents to the carbon dioxide. 

15. The method according to claim 4, further comprising 
the Step of adding at leaSt One of enzymes, emulsifiers, 
Surfactants, and detergents to the carbon dioxide. 

16. The method according to claim 1, wherein the pres 
Sure of the carbon dioxide is between 45 and 70 bars. 

17. The method according to claim 4, wherein the pres 
Sure of the carbon dioxide is between 45 and 70 bars. 

18. The method according to claim 12, wherein the 
pressure of the carbon dioxide is between 45 and 70 bars. 

19. The method according to claim 15, wherein the 
pressure of the carbon dioxide is between 45 and 70 bars. 

20. The method according to claim 1, wherein the pres 
Sure of the carbon dioxide is above 45 bars. 

21. The method according to claim 4, wherein the pres 
Sure of the carbon dioxide is above 45 bars. 

22. A method according to claim 1, wherein the tempera 
ture of the carbon dioxide is maintained below the critical 
temperature. 

23. A method for cleaning objects in a pressure vessel 
using carbon dioxide, the method comprising: 

conducting the carbon dioxide under pressure into the 
pressure vessel containing the objects to be cleaned, 
wherein the pressure vessel is Only partially filled with 
liquid carbon dioxide, 
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maintaining or lowering the temperature of the carbon 

dioxide below the critical temperature, 
adding enzymes to the carbon dioxide, and 
performing a cleaning Operation at least primarily below 

the critical temperature and below the critical pressure 
of the carbon dioxide, wherein liquid and gas phases of 
the carbon dioxide are in equilibrium for a portion of 
the cleaning, 

wherein the temperature is kept constant at a value 
between -20°C. and +20 C. and the pressure is raised 
to a value above the corresponding vapor pressure 
during a portion of the cleaning. 

24. A method for cleaning objects in a pressure vessel 
using carbon dioxide, the method comprising: 

conducting the carbon dioxide under pressure into the 
pressure vessel containing at leaSt One of an electronic 
assembly or an object having a metal Surface, wherein 
the pressure vessel is Only partially filled with liquid 
carbon dioxide, 

maintaining or lowering the temperature of the carbon 
dioxide below the critical temperature, and 

performing a cleaning Operation at least primarily below 
the critical temperature and below the critical pressure 
of the carbon dioxide, wherein liquid and gas phases of 
the carbon dioxide are in equilibrium for a portion of 
the cleaning, 

wherein the temperature is kept constant at a value 
between -20°C. and +20 C. and the pressure is raised 
to a value above the corresponding vapor pressure 
during a portion of the cleaning. 


