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(54)
AND EQUIPMENT

(57) A method to decontaminate textile products is
provided which method comprises

a) providing a textile product or textile products in a
cleaning vessel;

b) performing a first cleaning step by treating said textile
product or textile products in said vessel with one of a
compressed nonpolar gas and a compressed polar gas,
said compressed gas being in liquid or supercritical state;
¢) removing said one of a compressed nonpolar gas and
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a compressed polar gas from said vessel;

d) performing a second cleaning step by treating said
textile product or textile products in said vessel with the
other of a compressed nonpolar gas and a compressed
polar gas, said compressed gas being in liquid or super-
critical state;

e)removing said other of a compressed nonpolargas and
a compressed polar gas from said vessel.
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Description

Field of the Invention

[0001] The presentinvention generally relates to meth-
ods to decontaminate, disinfect and clean, textile pro-
ducts. The invention also relates to decontaminate, dis-
infect, clean and sterilize materials, i.e. machines, tools,
PPE, devices and (medical) instruments.

Background of the Invention

[0002] Cleaning or decontaminating textile products is
a task which has been performed since ages. In most
applications, water and detergents are used to submerge
the textile products in, while applying a mechanical ac-
tion. Household washing machines are a very well-
known example of such cleaning or decontaminating
activity.

[0003] In other cleaning or decontamination pro-
cesses, a solvent is used to dissolve the contamination
on the textile products.

[0004] Lately, theidea of usingliquified gassesto clean
or decontaminate textile products has gained more inter-
est again. The advantage is that the washing liquid, i.e.
the compressed gasses, can be recuperated to a large
extent, and is not to be thrown away or drained. In most
processes, the gas CO2 is used, in compressed liquid or
even supercritical state, to clean the textile products. This
is e.g. known from W0O2021105501.

[0005] In some processes, a mixture of gasses are
compressed and used in liquid or supercritical state, such
as in EP1388376A. CO2 and N20 are mixed and com-
pressed to a liquid state, and the mixture is used to
decontaminate products, a.o. textile products.

Summary of the Invention

[0006] According to a first aspect of the invention, a
cleaning or decontamination method was found, which
allows to remove substantially more and more efficiently
all contamination from textile products.

[0007] According to a first aspect of the invention, a
method to decontaminate textile products is provided
which method comprises

a) providing a textile product or textile products in a
cleaning vessel;

b) performing a first cleaning step by treating said
textile product or textile products in said vessel with
one of a compressed nonpolar gas and a com-
pressed polar gas, said compressed gas being in
liquid or supercritical state;

c¢) removing said one of a compressed nonpolar gas
and a compressed polar gas from said vessel;

d) performing a second cleaning step by treating said
textile product or textile products in said vessel with
the other of a compressed nonpolar gas and a com-

10

15

20

25

30

35

40

45

50

55

pressed polar gas, said compressed gas being in
liquid or supercritical state;

e) removing said other of a compressed nonpolar
gas and a compressed polar gas from said vessel.

[0008] Though decontamination with a compressed
nonpolar gas, like C02 may be sufficient to clean textile
products, it was found that the use of two separate
cleaning steps, one using a polar gas and one a nonpolar
gas liquid or supercritical state increases even the de-
contamination efficiency and result. The use of two se-
parate cleaning steps, one using a polar gas and one a
nonpolar gas liquid or supercritical state, has the advan-
tage that not only all contaminants, i.e. polar and non-
polar contaminants, can be removed, but that unmixing
effects of polar and nonpolar gasses in liquid state are no
longer to be taken care of, as mixtures of polar and
nonpolar gasses in liquid state tend to separate, the latter
providing failing or uncomplete decontamination.
[0009] In the context of this method to decontaminate,
i.e. clean, textile products, the term textile productis to be
understood as a garments a piece of clothing or any
Personal Protective Equipment (such as helmets and
boots), such as but not limited to technical garments
and clothing, medical or surgical garments and clothing,
protective garments and clothing, workwear, firemen
garments and clothing, trousers, vests, t-shirts, skirts,
pants, gloves, scaffolds, socks, sweaters, dresses, hoo-
dies, shorts, coats, jeans, suits, polo shirts, caps, hats,
leather products, boots, helmets, face shields, goggles,
gowns, head covers, masks, respirators, shoe covers,
ballistic vests, fall protection systems, chaps and alike.
[0010] According to some embodiments, the com-
pressed polar gas may be used in the first cleaning step,
a compressed nonpolar gas being used in the second
step.

[0011] Alternatively, a compressed nonpolar gasin the
first cleaning step and a compressed polar gas is used in
the second step.

[0012] According to some embodiments, the steps b)
to e) may be repeated once or more than once, thereby
performing cleaning steps using alternatingly a com-
pressed nonpolar gas and a compressed polar gas.
[0013] Preferably during the cleaning steps using non-
polar gas, the same nonpolar gas is used. Preferably
during the cleaning steps using polar gas, the same polar
gas is used.

[0014] According to some embodiments, the at least
one cleaning step using a compressed nonpolar gas may
be performed using said compressed nonpolar gas in
liquid state

[0015] Possibly all cleaning steps using a compressed
nonpolar gas are performed using said compressed non-
polar gas in liquid state.

[0016] Alternatively one, more or all cleaning step
using a compressed nonpolar gas are performed using
said compressed nonpolar gas in supercritical state.
[0017] According to some embodiments, the at least
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one cleaning step using a compressed polar gas may be
performed using said compressed polar gas in liquid
state

[0018] Possibly all cleaning steps using a compressed
polar gas are performed using said compressed polar
gas in liquid state.

[0019] Alternatively one, more or all cleaning step
using a compressed polar gas are performed using said
compressed polar gas in supercritical state.

[0020] Accordingtosomeembodiments,inatleastone
cleaning step using a compressed polar gas, a detergent
may be added to said compressed polar gas in liquid or
supercritical state

[0021] Detergents, such as amphiphilic substances,
may be added to the compressed nonpolar or the com-
pressed polar gas in liquid or supercritical state. Prefer-
ably the detergent or detergents are added in the com-
pressed polar gas in liquid or supercritical state.

[0022] During the cleaning step, the compressed non-
polar orthe compressed polar gas in liquid or supercritical
state may be circulated, optionally to agitate the textile
product cleaned. During this circulation, the compressed
nonpolar or the compressed polar liquid or supercritical
may contact a filter, which has a larger affinity to the
detergentand/or the contaminants. The detergent and/or
the contaminants may as such be removed from the
circulating compressed nonpolar or the compressed po-
lar liquid or supercritical. Additionally or alternatively,
during this circulation, the compressed nonpolar or the
compressed polar liquid or supercritical may be evapo-
rated, and compressed again, leaving the detergent an-
d/or the contaminants in the evaporation device. Prefer-
ably the compressed nonpolar or the compressed polar
liquid or supercritical is evaporated at a pressure of more
than 1 bara, in order to avoid evaporation of possible
humidity dragged along with the liquid or supercritical.
[0023] After the cleaning step, the compressed non-
polar or the compressed polar liquid or supercritical may
be evaporated, preferably at a pressure of more than 1
bar, in order to avoid evaporation of possible humidity
dragged along with the compressed nonpolar or the
compressed polar liquid or supercritical. The detergent
and/or the contaminants is left in the evaporation device.
[0024] Before taking the first cleaning step, the vessel
being provided with said textile product or textile pro-
ducts, may be drawn vacuum to a level of some millibar
absolute, e.g. to a pressure less than about -0.7barg. As
such a too large amount of O2 or N2, present in the
ambient atmosphere during loading of the textile in the
vessel, willremain present the vessel being provided with
the compressed nonpolar gas or a compressed polar
gas. This remaining O2 or N2 will behave as a gas during
the cleaning step or steps, as these gasses remain far
above their critical temperature.

[0025] Afterthelastcleaning stepispreformed, andthe
compressed nonpolar gas or a compressed polar gas is
removed from the vessel to about the ambient pressure,
this vessel may be brought under vacuum. This vacuum
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may be broken by introducing atmospheric air in the
vessel up to reaching the ambient pressure before open-
ing the vessel to remove the cleaned textile. Alternatively,
the vessel may be degassed by a purging step, such as
providing ambient air to the vessel, while keeping an
exhaust of the vessel open. This is in particularly pre-
ferably done when a gas other than CO2 was used as the
last compressed gas during the last cleaning step.
[0026] Possibly, once one of a compressed polar gas
or compressed nonpolar gas is recuperated from the
vessel, care may be taken that no remnant of said polar
and nonpolar gas gets mixed with the other of a nonpolar
or polar gas in the vessel.

[0027] According to some embodiments, after one,
more than one or all steps of removing said a compressed
nonpolar gas or a compressed polar gas, a purging step
may be performed.

[0028] Thoughseveralnonpolargasses are useful, like
He, Ne, Ar, Kr, Xe, H2, D2, N2, 02, CH4, C2H4, C2H®6,
CF4, SF6.and CO2, and mixtures thereof, the most useful
one is CO2. He, Ne, Ar, Kr, Xe, H2, D2, may be consid-
ered not economic for the use as cleaning gasses. CH4,
C2H4, C2H6 may be too dangerous seen their flamm-
ability. Freon (CF4) and SF6 are considered too ecolo-
gically unfriendly, hence unacceptable in practice. N2
and O2 have to be cooled too deep in order to be liquid,
hence not practical in use.

[0029] According to some embodiments, CO2 may be
used as nonpolar gas.

[0030] Though several polar gasses are useful, like
HNO3, HCI, NH3, CO, CH3CI, CH3F and N20 and
mixtures thereof, the most useful one is N20. HNO3
and HCI may be too acid and may destroy the textile to
be cleaned to a too large extent. CO, CH3Cl and CH3F
are unstable and considered too ecologically unfriendly,
hence unacceptable in practice.

[0031] According to some embodiments, N20O may be
used as polar gas.

[0032] The purity of the nonpolar or polar gasses is
preferably equal or more than 90%yv. Possibly, substan-
tially pure nonpolar or polar gasses are used. A substan-
tially pure gas means that the gaseous fluid comprises
more than 99 %v of said gas. The nonpolar or polar
gasses may be of grade N2.0, N3.0, N4.0, N5.0 or even
N6.0.

[0033] Most preferably, N20 is used as polar gas and
CO2 is used as nonpolar gas. This because these two
gasses have a very similar phase diagrams, critical tem-
perature and critical pressure. This however does mean
that contamination of one gas in the other is more difficult
to recuperate or remove. Most preferably the first clean-
ing step uses N20, after the vessel has been brought to
about vacuum. The second cleaning step, after purging
of the N20O, uses CO2. As such, contamination of the
N20 by CO2 can be prevented to a large extent, while
contamination of the CO2 gas by remainder of N20 is
less problematic, in particularly from the point of view of
economically performing the method according to the
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invention. CO2 is less expensive to replace or to refresh.
During performing the method, the operatoralsois less to
not exposed to traces of N20 when taking out the cleaned
textile from the vessel, and losses of N20 to the work-
place environment may be prevented to a large extent,
even completely.

[0034] According to some embodiments, the nonpolar
or polargas may be atleast partially recuperated after the
step of removing the nonpolar or polar gas from the
vessel.

[0035] Such recuperation of nonpolar or nonpolar gas
may comprise decompressing said compressed nonpo-
lar gas or a compressed polar gas in liquid or supercritical
state to provide a gaseous fluid, the contaminants being
removed from the clothing being left as residue, and
recompressing the gaseous fluid to a liquid state, option-
ally a supercritical state.

[0036] Also during the cleaning step, the compressed
nonpolar gas or a compressed polar gas in liquid or
supercritical state may be circulated in the vessel, and/or
removing and decompressing a part of said compressed
nonpolar gas or compressed polar gas in liquid or super-
critical state to provide a gaseous fluid, the contaminants
being removed from the clothing being left as residue,
and recompressing the gaseous fluid to a liquid state,
optionally a supercritical state, which on its turn is re-
turned to the vessel.

[0037] CO2 and N20 are preferably used as nonpolar
respectively polar gas. The operating temperature during
the cleaning steps may be between -10°C and 30°C when
working with liquid CO2 and N20O, or may even be above
30°C when working with supercritical CO2 and N20O. The
pressure during the cleaning step may range up to more
73 baraforliquid CO2 and N20O, or may even be above 73
bara when working with supercritical CO2 and N20. The
pressure may e.g. range up to 650 bara.

[0038] The benefit of using alternatingly a compressed
nonpolar gas and a compressed polar gas, said com-
pressed gas being in liquid or supercritical state, has
several advantages.

[0039] The use of a compressed nonpolar gas in liquid
or supercritical state allows to remove nonpolar contam-
ination from the textile products, while the use of a
compressed polar gas in liquid or supercritical state
allows to remove the polar contamination from the very
same textile products. Hence substantially all contam-
ination may be removed, while using only one of a com-
pressed polar or nonpolar gas in liquid or supercritical
state will remove only part of the contaminants. By keep-
ing the compressed nonpolar gas in liquid or supercritical
state separate from the compressed polar gas in liquid or
supercritical state, mixing of the two basically non mix-
able liquids is avoided, in particularly when the gases are
in subcritical state. Further, as detergents typically only
dissolve in the compressed polar gas in liquid or super-
critical state, a more efficient use of detergents can be
obtained when using the two of compressed nonpolar
and polar gasses in liquid or supercritical state. By keep-
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ing the compressed nonpolar gas in liquid or supercritical
state separate from the compressed polar gas in liquid or
supercritical state, pure gasses may be recuperated and
handled, which is far easier as compared to a mixture of
both gasses, since the composition of such mixed gas is
not to be monitored, controlled and adjusted.

[0040] Accordingtoasecond aspectoftheinvention, a
cleaning apparatus for cleaning a textile product or textile
products is provided. The apparatus comprises

- avesselforreceiving the textile product or products,
the vessel being adapted to receive a compressed
nonpolar gas and a compressed polar gas, said
compressed gas being in liquid or supercritical state;

- afirst gas handing system for circulating a nonpolar
gas in compressed, liquid or supercritical state from
and to the vessel, and

- asecond handing system for circulating a polar gas
in compressed, liquid or supercritical state, from and
to the vessel;

wherein the vessel has one or more inlet ports for receiv-
ing said compressed nonpolar gas and said compressed
polar gas and one or more outlet ports for evacuation said
compressed nonpolar gas and said compressed polar
gas, and wherein the first and second gas handling
system are configured to avoid mixing said polar and
nonpolar gas.

[0041] This cleaning apparatus is adapted to perform a
method according to the first aspect of the invention.
[0042] Accordingtoembodiments, the firstand second
gas handling system may be fully separated systems.
[0043] According to embodiments, the vessel may
have a first set of one or more inlet ports and one or
more outlet ports for receiving and evacuation said com-
pressed nonpolar gas and a second set of one or more
inlet ports and one or more outlet ports for receiving and
evacuation said compressed polar gas.

[0044] The cleaning apparatus may be an apparatus
for cleaning or decontaminating textile product on indus-
trial scale. Such apparatus typically may have a vessel in
which 10 kg or more contaminated textile products can be
decontaminated during one process, e.g. up to 25 kg or
even up to 75 kg.

[0045] The cleaning apparatus may be an apparatus
for household use, cleaning or decontaminating textile
product on smaller scale. Such apparatus typically may
have a vessel in which up to 10 kg contaminated textile
products can be decontaminated during one process,
e.g. 4kg, 5kg, 6kg, 7kg or 8kg. The method according to
the first aspect of the invention may be used for cleaning
one or more textile products. One product may be
cleaned individually, but preferably a number of textile
products may be cleaned simultaneously.

[0046] Hence according to a third aspect of the inven-
tion, the method according to the first aspect of the
invention is used for cleaning technical garments and
clothing, medical or surgical garments and clothing, pro-
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tective garments and clothing, workwear, firemen gar-
ments. The apparatus according to the second aspect of
the invention may be used for cleaning one or more textile
products. One product may be cleaned individually, but
preferably a number of textile products may be cleaned
simultaneously.

[0047] Hence according to a fourth aspect of the in-
vention, the apparatus according to the second aspect of
the invention is used for cleaning technical garments and
clothing, medical or surgical garments and clothing, pro-
tective garments and clothing, workwear, firemen gar-
ments.

[0048] It is understood that features of one aspect of
the invention can be combined with one or more other
features of one or more other aspects of this invention.
[0049] Inthe contextof this invention, when references
are made to ranges, the ranges are to be understood as
being inclusive, unless otherwise specified.

Brief Description of the Drawings

[0050] Fig. 1 illustrates schematically an apparatus
according to the invention.

Detailed Description of Embodiment(s)

[0051] Acleaning apparatus 10 being an apparatus for
cleaning or decontaminating textile product on industrial
scale is shown schematically in figure 1. The apparatus
comprises a vessel 100, which may be provided with
textile products to be decontaminated. As an example,
such textile products may be technical garments and
clothing, medical or surgical garments and clothing, pro-
tective garments and clothing, workwear, firemen gar-
ments and clothing, trousers, vests, t-shirts, skirts, pants,
gloves, scaffolds, socks, sweaters, dresses, hoodies,
shorts, coats, jeans, suits, polo shirts, caps, hats, leather
products and alike. The textile products may comprise
any relevant type of fiber material, such as but not limited
to natural, manmade (or synthetic) or semi-manmade
fibers, polyesters, polyamides, polyaromatic amides (or
polyaramides), like Kevlar®, Nomex®, Tyve®, polybenzi-
midazole (PBI), cotton or any other cellulose based fi-
bers, wool, and alike. The vessel comprises a drum 101
to receive the textile products, through an opening which
can be tightly closed and can resist the pressure during
the cleaning steps. The vessel further comprises a heat-
ing and cooling means 102 to heat and/or cool the liquid
provided in the vessel. Thermal energy is provided or
extracted to a heat exchanging fluid in the tubing 103 of
the heating and cooling means 102 in a heat exchanger
104.

[0052] Thevessel 100is coupledtoacompressor 105,
enabling the vessel to be brought under vacuum. The
vessel 100 is also coupled to a venting system 106,
enabling the vessel to be vented when being under
pressure. Optionally this venting system comprises a
safety valve as well. The venting system may as well
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be used in the reverse way, allowing ambient air to be
taken into the vessel 100 when the vessel is brought
under vacuum.

[0053] The cleaning apparatus 10 comprises two se-
parated gas handing systems 200 and 300. One gas
handing system 200 is adapted to circulate nonpolar
gas in compressed, liquid or supercritical state from
and to the vessel 100. The other gas handing system
300 is adapted to circulate polar gas in compressed,
liquid or supercritical state from and to the vessel 100.
[0054] Both gas handling systems 200 and 300 are
similar to each other. each gas handling system com-
prises a storage means 210 or 310 to store the polar or
nonpolar gas in compressed liquid state. Via tubing 211
or311,avalve2120r312,acompressor213or313anda
cooler/condenser 214 or 314, the polar or nonpolar gasin
compressed liquid state can be provided to one of the
inlet ports 112 or 113 for receiving either compressed
nonpolar gas or compressed polar gas in liquid or super-
critical state.

[0055] One or more outlet ports 122 are provided to the
vessel 100 for evacuation the compressed polar gas. Via
valve 221, the compressed polargas in liquid state can be
guided to the evaporator 220, where the liquid evapo-
rates back to a gaseous state. During the cleaning step,
the evaporated polar gas may be guided back to the
vessel via an opened valve 222, compressor 213 and
condenser 214. After the cleaning step, the evaporated
polar gas may be guided back to the storage 210 via an
opened valve 223, compressor 224 and condenser 225.
Once the liquid is removed from the vessel 100, the
gaseous polar gas can be drawn from the vessel 100
by opening valve 226 and using the compressor 224 and
condenser 225, thereby recuperating the polar gas to the
storage 210. From the evaporator, decontaminants and
optionally detergents can be purged via outlet 230.
[0056] Inasimilarway, one or more outlet ports 123 are
provided to the vessel 100 for evacuation the com-
pressed nonpolar gas. Via valve 321, the compressed
polar gas in liquid state can be guided to the evaporator
320, where the liquid evaporates back to a gaseous state.
During the cleaning step, the evaporated nonpolar gas
may be guided back to the vessel 100 via an opened
valve 322, compressor 313 and condenser 314. After the
cleaning step, the evaporated polar gas may be guided
back to the storage 310 via an opened valve 323, com-
pressor 324 and condenser 325. Once the liquid is re-
moved from the vessel 100, the gaseous nonpolar gas
can be drawn from the vessel 100 by opening valve 326
and using the compressor 324 and condenser 325, there-
by recuperating the nonpolar gas to the storage 310.
From the evaporator, decontaminants and optionally
detergents can be purged via outlet 330.

[0057] This apparatus 10 can be used to decontami-
nate textile products. First, textile products are provided
in a cleaning vessel 100. The vessel is pulled vacuum by
compressor 105. In a first cleaning step the textile pro-
ducts is cleaned with compressed polar gas, being N20O
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being in liquid or supercritical state. The vessel is filled
with N20 by opening the valve 212, and optionally using
the compressor 213 and condenser 214. During the
cleaning step, the N20 is circulated via the opened valve
221, though the evaporator 220 and back to the vessel
100 via the compressor 213 and condenser 214. When
the cleaning step is finished, the N20 is evacuated and
recuperated via the opened valve 221, though the eva-
porator 220 and to the storage 210 via opened valve 223,
the compressor 224 and condenser 225. Once the liquid
is removed, the N20 in gaseous state is drawn from the
vessel 100. Valve 221 is closed, valve 226 is opened. The
polar gas is brought to the storage 210 via opened valve
223, the compressor 224 and condenser 225.

[0058] By this action, substantially all N20O can be
drawn from the vessel 100.

[0059] Inthe consecutive cleaning step the textile pro-
ducts is cleaned with compressed nonpolar gas, being
CO2 being in liquid or supercritical state. The vessel is
filled with CO2 by opening the valve 312, and optionally
using the compressor 313 and condenser 314. During
the cleaning step, the CO2 is circulated via the opened
valve 321, though the evaporator 320 and back to the
vessel 100 via the compressor 313 and condenser 314.
When the cleaning step is finished, the CO2 is evacuated
and recuperated via the opened valve 321, though the
evaporator 320 and to the storage 310 via opened valve
323, the compressor 324 and condenser 325. Once the
liquid is removed, the CO2 in gaseous state is drawn from
the vessel 100. Valve 321 is closed, valve 326 is opened.
The polar gas is brought to the storage 310 via opened
valve 323, the compressor 324 and condenser 325.
[0060] The pressures used during the cleaning steps
are well above the critical pressures, as well as the
temperatures being preferably above the critical tem-
perature. Pressures of 74 bar and more, like 75bar or
more are used. The temperature is preferably above
32°C, even above 33°C or more. Higher pressures are
preferably used to utilize the liquid character of the super-
critical fluid to a larger extent. lonic as well as non-ionic
detergents may be used.

[0061] Optionally a sequence of these two steps may
be repeated once or several times.

[0062] When the cleaning steps are finished, the ves-
sel is under vacuum. The valve 106 may be opened to
allow ambient air to flow into the vessel 100. Once the
vessel is at the same pressure as ambient, the door can
be opened ang the cleaned textile products van be evac-
uated from the drum 101.

[0063] Although the present invention has been illu-
strated by reference to specific embodiments, it will be
apparent to those skilled in the art that the invention is not
limited to the details of the foregoing illustrative embodi-
ments, and that the present invention may be embodied
with various changes and modifications without depart-
ing from the scope thereof. The present embodiments
are therefore to be considered in all respects as illustra-
tive and not restrictive, the scope of the invention being
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indicated by the appended claims rather than by the
foregoing description, and all changes which come within
the meaning and range of equivalency of the claims are
therefore intended to be embraced therein. In other
words, it is contemplated to cover any and all modifica-
tions, variations or equivalents that fall within the scope of
the basic underlying principles and whose essential at-
tributes are claimed in this patent application. It will
furthermore be understood by the reader of this patent
application that the words "comprising" or "comprise" do
not exclude other elements or steps, that the words "a" or
"an" do not exclude a plurality, and that a single element,
such as a computer system, a processor, or another
integrated unit may fulfil the functions of several means
recited in the claims. Any reference signs in the claims
shall not be construed as limiting the respective claims
concerned. The terms "first", "second", third", "a", "b", "c",
and the like, when used in the description or in the claims
are introduced to distinguish between similar elements or
steps and are not necessarily describing a sequential or
chronological order. Similarly, the terms "top", "bottom",
"over", "under", and the like are introduced for descriptive
purposes and not necessarily to denote relative posi-
tions. It is to be understood that the terms so used are
interchangeable under appropriate circumstances and
embodiments of the invention are capable of operating
according to the presentinvention in other sequences, or
in orientations different from the one(s) described or
illustrated above.

Claims

1. A method to decontaminate textile products, said
method comprises

a) providing a textile product or textile products
in a cleaning vessel;

b) performing a first cleaning step by treating
said textile product or textile products in said
vessel with one of a compressed nonpolar gas
and a compressed polar gas, said compressed
gas being in liquid or supercritical state;

c) removing said one of a compressed nonpolar
gas and a compressed polar gas from said
vessel;

d) performing a second cleaning step by treating
said textile product or textile products in said
vessel with the other of a compressed nonpolar
gas and a compressed polar gas, said com-
pressed gas being in liquid or supercritical state;
e) removing said other of a compressed non-
polar gas and a compressed polar gas from said
vessel.

2. A method according to claim 1, wherein a com-
pressed polar gas is used in the first cleaning step, a
compressed nonpolar gas being used in the second
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step.

3. A method according to any one of the preceding
claims, wherein steps b) to e) are repeated once or
more than once, thereby performing cleaning steps
using alternatingly acompressed nonpolargas and a
compressed polar gas.

5. A method according to any one of the preceding
claims, wherein at least one cleaning step using a
compressed polar gas is performed using said com-
pressed polar gas in liquid state.

6. A method according to any one of the preceding
claims, wherein in at least one cleaning step using a
compressed polar gas, a detergent is added to said
compressed polar gas in liquid or supercritical state.

7. A method according to any one of the preceding
claims, wherein after one, more than one or all steps
of removing said a compressed nonpolar gas or a
compressed polar gas, a purging step is performed.

8. A method according to any one of the preceding
claims, wherein CO2 is used as nonpolar gas.

9. A method according to any one of the preceding
claims, wherein N20 is used as polar gas.

10. A method according to any one of the preceding
claims, wherein the nonpolar or polar gas is at least
partially recuperated after the step of removing the
nonpolar or polar gas from the vessel.

11. A cleaning apparatus for cleaning a textile pro-
duct or textile products, said apparatus comprises

- a vessel for receiving the textile product or
products, the vessel being adapted to receive
a compressed nonpolar gas and a compressed
polar gas, said compressed gas beingin liquid or
supercritical state;

- a first gas handing system for circulating a
nonpolar gas in compressed, liquid or super-
critical state from and to the vessel, and
-asecond handing system for circulating a polar
gas in compressed, liquid or supercritical state,
from and to the vessel;

wherein said vessel has one or more inlet ports for
receiving said compressed nonpolar gas and said
compressed polar gas and one or more outlet ports
for evacuation said compressed nonpolar gas and
said compressed polar gas, and wherein the firstand
second gas handling system are configured to avoid
mixing said polar and nonpolar gas.

12. A cleaning apparatus according to claim 11,
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wherein the first and second gas handling system
are fully separated systems.

13. A cleaning apparatus according to any one of the
claims 11 to 12, wherein said vessel has a first set of
one or more inlet ports and one or more outlet ports
for receiving and evacuation said compressed non-
polar gas and a second set of one or more inlet ports
and one or more outlet ports for receiving and eva-
cuation said compressed polar gas.

14. The use of a method according to any one of the
claims 1 to 10 for cleaning technical garments and
clothing, medical or surgical garments and clothing,
protective garments and clothing, workwear, firemen
garments.

15. The use of an apparatus according to any one of
the claims 11 to 13 for cleaning technical garments
and clothing, medical or surgical garments and cloth-
ing, protective garments and clothing, workwear,
firemen garments.
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