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A PROCESS AND A DEVICE TO CLEAN SUBSTRATES

Technical Field

The present invention relates to a process and a device for cleaning substrates. In
particular the invention relates to an air-water jet device connected to a detergent
dosing system.

Background and Prior Art

Washing of fabric articles is a commonly used process throughout the world. A
specific problem with all machine wash processes is that machine washing
processes do not always remove stains on fabric articles. In hand wash
processes, special attention can be provided to stains, but in washing machines
this attention is generally absent.

One way of making sure that stains are removed is the application of a pre-
treatment composition onto the stain, prior to the start of the washing process.
Another way is to manually remove the stain before washing. Both methods are

commonly used in the art.

Another way of pre-treatment is the use of a water sprays to utilise hydrodynamic
stress for the removal of stains. Sprays, generally defined as either high speed
liquids e.g. water, or a combination of water and air, have been used to clean hard

and non-porous surfaces e.g. automobiles, walls and, metallic vessels.

US4787404 (IBM, 1988) discloses a low flow-rate pressure atomizer device which
is so dimensioned and operated as to accelerate a gas to substantially sonic
velocity and cause it to break up a cleaning liquid. It also discloses input at a high

pressure into small droplets and acceleration of these droplets to at least half the
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velocity of said gas, to create shear stress at a surface adjacent the exit end of
said device, thereby removing the contaminants from said surface.

FR-B-1108989 discloses a process to clean a substrate by subjecting the
substrate to an air-water spray generated by a spraying means comprising an air
passage and a water passage.

US 2002/189641 discloses a device for cleaning a soiled surface, the device
comprising a feed water container and an air compressor in communication with

the spray nozzle comprising a water passage and an air passage.

Both of the above mentioned devices provide an air water spray that is mixed
inside the device. The disadvantage of such system is that the water flow cannot
be reliably regulated because the air pressure goes against the direction of the
water flow. This is especially problematic when a low water-to-air ratio (for
instance in water:air ratios of less than 1:9) is required or a low water flow-rate if

used. The nozzles of the prior art are not suitable for this purpose.

EP1250959 discloses a cleaning device with a single nozzle that uses an
internally mixed air, water and soap mixture for cleaning at high pressure. This
prior art has only one nozzle and it is internally mixed and not suitable for this

purpose.

A specific way of pre-treatment, described in our co-pending application
PCT/EP2009/050869 (published as W0O2009/103595), is the use of an air-water
jet to remove a stain from a fabric article. The air-water jet device as described
comprises of a nozzle design for the external mix of air and water and a

compressor for providing the required air.

However, hydrodynamic stress alone does not always provide the required result.
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It is therefore an object of the present invention to provide air-water jet device for
cleaning fabric articles with enhanced performance.

It is a further object of the invention to provide a dosing device for a detergent
composition that may be connected to an air-water jet device.

Surprisingly it has been found that a dispensing chamber for a detergent
composition between the water source and the outlet of the water nozzle provides

improved cleaning of an air-water jet.

Summary of the Invention

Accordingly, the present invention provides a system comprising (a) an air-water
jet device comprising : a first nozzle, which is in fluid communication with a feed
water source, and a second nozzle connected to an air source, and (b) detergent
dosing device comprises a chamber comprising a detergent composition,
positioned between the water source and the first nozzle ; Wherein the detergent
dosing device comprises and auto-shut-off device, characterised in that the shut-
off device closes the water inlet and/or outlet of the dosing device, when the
detergent composition is spent.

These and other aspects, features and advantages will become apparent to those
of ordinary skill in the art from a reading of the following detailed description and
the appended claims. For the avoidance of doubt, any feature of one aspect of the
present invention may be utilised in any other aspect of the invention. The word
“‘comprising” is intended to mean “including” but not necessarily “consisting of” or
‘composed of.” In other words, the listed steps or options need not be exhaustive.
It is noted that the examples given in the description below are intended to clarify
the invention and are not intended to limit the invention to those examples per se.
Similarly, all percentages are weight/weight percentages unless otherwise

indicated. Except in the operating and comparative examples, or where otherwise
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explicitly indicated, all numbers in this description indicating amounts of material
or conditions of reaction, physical properties of materials and/or use are to be
understood as modified by the word “about. Numerical ranges expressed in the
format "“from x to y" are understood to include x and y. When for a specific feature
multiple preferred ranges are described in the format "from x to y", it is understood
that all ranges combining the different endpoints are also contemplated.

Detailed description of the Invention

Accordingly the invention provides a cleaning device with improved performance.

Air-water jet device

The air-water jet device comprises two nozzles wherein a first nozzle is in fluid
communication with a feed liquid source; and a second nozzle connected to a

source of compressed air.

The water source may be any water source, either provided to the air-water jet
device straight from the water mains, through a pump, through a pressured
container holding the water or by any other means, or even by gravity (i.e. by

placing the water reservoir above the height of use of the air-water jet.

Similarly, the air source may be any air source, either provided through a
compressor, separate from or built into the device, or through a compressed air
line, such as often available in hospitals and in dental clinics.

Both the first nozzle (water nozzle) and the second nozzle (air nozzle) are
positioned relative to an imaginary central axis (NOR). The first nozzle is

positioned at an angle (o) of between 1 and 60° relative to the central axis,



10

15

20

25

30

WO 2011/020733 PCT/EP2010/061556

-5-

preferably between 10° and 30°; and the second nozzle is at an angle (¢) of

between 1 and 45° relative to the central axis, preferably between 15° and 30°.

The mouth of the second nozzle is positioned more forward in the direction of the
flow along the direction of the central axis than the mouth of the first nozzle,
wherein the offset (OS) distance between the mouth of the first nozzle and the

second nozzle is between 0.5 and 5 mm in said direction, preferably 1-3 mm.

The best results are obtained when the first nozzle has an opening of between
0.05 and 10 mm?, preferably even at least 0.2 mm?, and not more than 7 mm?,
more preferably not more than 5 mm? or even less than and 3 mm?. Similarly, the

opening of the second nozzle is preferably between 0.2 and 3 mm?.

The scope of the present invention further includes configurations comprising two
or more water nozzles directed at a single air nozzle. Although this adds to the
complexity of the device, which is generally not preferred, it provides the
additional benefit of point of action mixing or reacting different or incompatible
ingredients. It is further included in the scope of this invention that one of the liquid
nozzles is used for dosing an ingredient without air flow, and another liquid nozzle

is used with air flow, but not co-currently.

For nozzles with a circular opening, the diameter of the first nozzle is preferably
between 0.25 and 3.5 mm, preferably at least 0.5 mm, but preferably not more
than 3 mm, more preferably not more than 2.5 mm, or even less than 3 mm; while

the diameter of the second nozzle is preferably between 0.5 and 2 mm.

Without wishing to be bound by a theory, it is thought that the present invention
derives its performance from the positioning of the nozzles relative to the

imaginary axis and the offset of the water nozzle (first nozzle) relative to the air
nozzle (second nozzle). Because of this positioning, the water coming from the
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water nozzle forms a film around the air nozzle and because of this gives a finer
spray at a lower water to air ratio (i.e. using less water). The air flow from the air
nozzle is thought to create a local under pressure that ensures that the water is
driven in the direction of the air nozzle along the air nozzle tip regardless of in
which direction the nozzle is pointed. Furthermore, the water flow is not affected
by the the air pressure, due to the separation of the air and water nozzle

openings, which is a common problem with internal mix nozzle designs.

It is therefore preferred that the water : air ratio is between 10:90 and 1:9999,
more preferably less than 5:95, still more preferably less than 4:96, even more
preferably less than 3:97, less than 2:98 or even less than 1:99, while the ratio is
preferably higher than 3:9997, more preferably higher than 5:9995.

It is further preferred that there is only a short distance between the opening of the
water nozzle and the side of the air nozzle, this distance is preferably less than
2 mm, more preferably less than 1 mm, or even less than 0.5 mm. It is most

preferred that the opening of the water nozzle is touching the air nozzle.

It is preferred that the air nozzle does not co-axially surround the water passage. It

is also preferred that the water nozzle does not co-axially surround the air nozzle

The air pressure of the air source preferably is in the range of 1 to 4 bar. The air
preferably has a velocity of greater than 80 m/s at the exit of the nozzle (the
nozzle opening), preferably greater than 120 m/s, more preferably greater than
180 m/s, most preferably greater than 250 m/s are preferred. Although the
invention would work up to very high air speeds, it is preferred for constructional
reasons and convenience for the user that the air speed is less than the speed of
sound (i.e. less than 334 m/s). Depending on the nozzle diameter, and the airflow
rate is preferably between 3 and 50 I/min, preferably more than 5 I/min or even
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more than 10 I/min. The air flow rate is preferably less than 40 |/min, more
preferably less than 30 I/min or even less than 25 I/min.

The water flow rate is typically between 2 and 50 ml/min, preferably more than 5
ml/min or even more than 10 ml/min, while the water flow rate is preferably less

than 40 ml/min, preferably less than 30 ml/min or even less than 25 ml/min.

Configuration

The air and/or water sources may be incorporated into the device, or be fit in a
separate unit. In the latter case a separate unit comprising a compressor, a
compressed air cartridge or cylinder or another source of air and/or a water
reservoir optionally connected to the water mains is provided that is connected to

a hand held device by means of a tubing as air line and/or water line.

Compressor

The air jet device may further comprise an air compressor as air source. The
compressor may be built into the handle of the device, or provided as a separate
device that is connected to the air-water jet by means of a tube. The compressor,
preferably provides at least 1 bar pressure and not more than 5 bar, preferably
less than 4 bar. Thus, very low power compressors, typically in the range of 0.05
to 1 HP, can be used to achieve the above specifications. Due to a pressure drop
in the tubing and the device, the pressure at the air nozzle will preferably be in the
range of 1 to 4 bar, preferably 2 to 3 bar. A device with a means to set the
pressure is also contemplated; in this case the user is for instance able to choose
between soft, medium and hard cleaning.

The water source may be the water mains, i.e. directly connected to the faucet, or

be in the form of a separate reservoir. The water pressure for use with the device
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may be relatively low, preferably at least 0.05 bar, more preferably at least 0.1
bar, but preferably not more than 3 bar, more preferably less than 2.5 bar, still
more preferably less than 2 bar.

When a separate reservoir is used as water source, said reservoir may be filled
with water only, or a detergent composition. It is understood that in the context of
this invention, terms like “water source”, “water reservoir” and “water nozzle” are
not limited to water, but include also detergent compositions, preferably aqueous
detergent compositions. The water reservoir may be placed above the level of use
of the cleaning device, such as to provide pressure, or may be pressured
separately. When pressured separately, it is especially preferred that the reservoir

is pressurised with compressed air from the compressed air source.

Detergent dosing device

The detergent dosing device is positioned between the water source and the

water nozzle of the air-water jet.

The dosing device comprises a chamber holding a detergent composition, a water

inlet and a water outlet.

When a solid detergent is used, the feed water, e.g. from a container or the water
mains, is preferably passing through the chamber and contacts the detergent
directly.

When a liquid composition is used, the liquid is preferably dosed from the
container into the water line that is connected to the water nozzle. This dosing
may be done by means of a metering pump, or a drip mechanism, but is most
preferably done by means of a capillary connection between the water line and
the chamber.
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The dosing devices preferably comprises an auto-shut-off device that closes the
water inlet and/or the water outlet when the detergent is spent. The auto-shut-off
device may comprise any mechanism that closes the water inlet and/or the water
outlet of the detergent dosing device. This may be a spring loaded valve, floating
valve and/or an electronic solenoid valve. Spring loaded shut-off is preferably
used in combination with solid detergents. A floating valve device is preferred in
combination with liquid detergents.

The detergent composition may be a liquid or a solid. When the composition is in
solid form, it is may be a powder, or a shaped solid such as a bar or tablet.

In general, the surfactants of the surfactant system may be chosen from the
surfactants described well known textbooks like "Surface Active Agents” Vol. 1, by
Schwartz & Perry, Interscience 1949, Vol. 2 by Schwartz, Perry & Berch,
Interscience 1958, and/or the current edition of "McCutcheon's Emulsifiers and
Detergents" published by Manufacturing Confectioners Company or in
“Tenside-Taschenbuch", H. Stache, 2nd Edn., Carl Hauser Verlag, 1981.

Although any concentration of surfactant may be used, suitable concentration is in
the range of 0.5 to 3 grams per litre based on the amount of liquid coming out of

the air-water jet when in use.

In the present context the formulation may be a liquid, paste or powder
Compositions in the context of the present invention include any composition that
comprises a surfactant and one or more benefit agents. Such benefit agents may
be dependent on the intended use. In general the detergent composition may
broadly contain a surfactant, builders, salts, soil release and/or viscosifying
polymers bleach and/or perfume.
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Liquid detergent compositions further comprise a solvent, selected form water,
ethanol and/or 2-propanol.

Preferred surfactants are LAS (linear alkyl benzene sulphonate), AES (alkyl ether
sulphates), ethoxylated alcohol non-ionic surfactants, alkyl amine oxides,
quaternary ammonium cationic surfactants, e.g. CTAB (cetyl trimethyl ammonium
bromide), CTAC (cetyl trimethyl ammonium chloride) and/or BAC (benzalkonium
chloride). The surfactant is preferably present in a concentration of 10-40% by
weight based on the total composition, preferably at least 15%, preferably less
than 30%.

Preferred builders are sodium carbonate, sodium bicarbonate, STPP, sodium
citrate etc. Builder aids, such as calcite, may also be used. The builder is
preferably present in a concentration of between 0 and 40%, preferably at least
10% and not more than 25%.

Preferred polymers are SCMC, PVP CP5 etc. Other commercial soil release and

anti-redeposition polymers may also be used.

When the substrate to be cleaned is a chemical stain on a fabric, e.g. those that
occur when fabrics are stained with bleachable stains resulting from foods and
beverages like tea, coffee, soup, ketchup etc., it is preferred that the stain is pre-
treated with a bleaching agent before it is treated with the process of the

invention.

Suitable bleaching agents are hypohalites and peroxides. Percarbonate and
bleaching powder (calcium hypochlorite) are especially preferred. When the
bleach ingredient is not compatible with any one of the other ingredients of the
detergent compositions, a second water nozzle and dosing device may be used. It

is more preferred that bleach is dosed without air flow, to avoid exposure of the
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consumer to a bleach spray. Bleach may be present in a concentration of 0-10%,
preferably between 5 and 8%.

The composition may further comprise minors, including perfumes, fluorescers,
antimicrobial agents. Perfumes are generally appreciated by the consumer
especially in direct application. The minors may be present in a concentration of
between 0 and 2%w, preferably between 0.5 and 1.5%.

The invention will now be illustrated by means of the following non-limiting

drawings and examples.

Brief Description of the Drawings

Figure 1 shows a view of one embodiment of the device, comprising a solid
detergent composition.

Figure 2 shows the internal configuration of the same device.

Figure 3 shows a schematic drawing of the air-water jet nozzles

Figures 4 and 5 show 3-D drawings of the air-water jet nozzles in different

embodiments.

Detailed description of the Drawings

Figure 1 shows 8 views (A through H) of the device. A is a rear view of the device,
B is a side view, C is a cross-sectional view of through plane “B” of view A, E is
the top view of the device, F is an top/rear/side perspective view, and D, G and H

are perspective, front/back and side view of a solid cartridge embodiment.

Figure 2 shows the internal configuration of a spring loading auto-shut-off
embodiment of Figure 1. S indicates a spring that pushes down a solid detergent

compositions (DET) via a stopper (P) and a separator plate (M). The side view
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shows the water inlet (WI) and the water outlet (WO). It will be appreciated that
when the detergent is spent, the stopper (P) will block the outlet port (WI1).

Figure 3 shows a configuration wherein, the nozzle (N) has the outlet port for
liquid (OPW) positioned away from the substrate relative to the outlet port for air
(OPA), offset by a distance (OS). The angle of incidence of the outlet port for
liquid with respect to the substrate (FS) is defined by the angle a. The angle of
incidence of the outlet port for air with respect to the substrate (FS) is defined by
the angle ¢. The dashed line NOR represents an imaginary line which is normal to
the surface of the substrate. As is apparent, in this embodiment of the nozzle the
angle o is greater than the angle ¢. The air exits from the nozzle through outlet
port for air (OPA) and the liquid exits through the outlet port for liquid (OPW).

Figure 4 shows a 3-D view of the configuration of Figure 3

Figure 5 shows a 3-D view of a configuration with 1 air nozzle and 2 water

nozzles.

Examples

Example 1: Constant cleaning performance.

A set of 25 poly/cotton test swatches soiled with a mixture of particulate and fatty
soils, (WFK-20D, ex WFK Germany), were sequentially washed using an air-water
jet device wherein the water line was connected to a dosing device according to
the invention. The dosing device contained a detergent composition

In example1, the detergent composition was, a commercially available detergent
(SURF® XL powder, ex Unilever)
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In example 2, the detergent composition contained 30% ethoxylated alcohol non-
ionic surfactant (C12-EQ7), 30% NaxCOs and 40% water.

In example 3, the detergent composition contained 30% sodium linear alkyl
benzene sulphonate, 30% Na,COs; and 40% sodium chloride.

In example 4, the detergent composition contained 30% magnesium linear alkyl
benzene sulphonate, 30% Na,COs; and 40% sodium chloride.

The cleaning was measured in terms of Delta-R refectance at a wave length of
460 nm in a Gretag Macbeth reflectometer, wherein Delta-R is calculated as the
reflectance after cleaning minus the reflectance before cleaning. This method is

widely used in the industry.

Table 1: Results

Example composition Average Delta-R (460nm) Standard deviation
1 15.4 1.36
2 16.3 0.80
3 17.2 0.92
4 16.1 1.53

The table above shows that the system provides a constant cleaning performance
of about 15-17 point of Delta-R (460nm) over a test set of 25 washes, with a low

standard deviation.

Example 2: Constant dosage of detergent to the water.

The dosing device according to the invention was fitted to a water source. The
chamber in the dosing device contained solid commercially available washing
detergent powder, comprising

- 20% of Sodium alkyl benzene sulphonate (NaLAS),

- 40% of builder and

- 39% electrolytes

- 1% minors (perfume, fluorescer and enzymes)
The device was operated by running 2 litres of water through the chamber at a
flow rate of 15 ml/min for 200 min. A sample was taken after every 200 ml of liquid
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passing through the system at the outlet of the chamber. The concentration of
NaLAS was measured by hyamine titration.
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Table: Results of example 2

Vol (ml) LAS (g/l)
200 0.368
400 1.398
600 1.693
800 1.546
1000 1.546
1200 1.472
1400 1.987
1600 1.619
1800 1.619
2000 1.546

The results demonstrate that the dispensing device according to the invention
provides a constant dosing of detergent to the water over an extended volume of

water.
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CLAIMS

1. A system comprising
a. an air-water jet device comprising,
i. a first nozzle, which is in fluid communication with a feed
water source; and
ii. asecond nozzle connected to an air source; and
b. detergent dosing device comprises a chamber comprising a
detergent composition, positioned between the water source and the
first nozzle ;
characterised in that the detergent dosing device comprises and auto-
shut-off device, further characterised in that the shut-off device closes
the water inlet and/or outlet of the dosing device, when the detergent

composition is spent.

2. A system according to claim 1, wherein both nozzles of the air water jet are
positioned relative to a central axis, wherein

a. the first nozzle is at an angle of between 1 and 60° relative to the
central axis; and

b. the second nozzle is at an angle of between 1 and 45° relative to the
central axis

c. wherein the mouth of the second nozzle is positioned more forward
in the direction of the flow along the direction of the central axis than
the mouth of the first nozzle, wherein the offset distance between
the mouth of the first nozzle and the second nozzle is between 0.5

and 5 mm in said direction.

3. A system according to claim 1 or claim 2 comprising a solid detergent
composition comprising:
a. 20-40%w of a surfactant
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b. 0-40%w of a builder
c. 0-10%w of a bleaching ingredient
d. 0-2% of minors
e. balance salt.

4.

PCT/EP2010/061556

A system according to claim 1 or claim 2 comprising a liquid detergent

composition comprising:

® o 6 T o

20-40%w of a surfactant

0-40%w of a builder

0-10%w of a bleaching ingredient
0-2%w of minors

balance solvent.
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