10 -

.15

._.20

25

WO 2012/050521 PCT/SG2010/000391

1
A BREATHING APPARATUS

FIELD.OF THE INVENTION

The present invention relates to a breathing apparatus.

BACKGROUND OF THE INVENTION
Disposable face masks are used in a number of applications to filter the air that people

breathe. This may be used to prevent the passage of air borne pathogens either to or from

' the lungs, or may filter larger particles such as pollutants.

Such masks may be worn by elderly people or those ‘suff'ering from respiratory problems
to protect the weakened immune system from air borne';infections. Healthcare

professionals use such masks to prevent the spreadvo_f infections in healthcare facilities.
Frequent travellers such as business people may wear such masks in high infection risk

locations such as pressurised jet aircraft.

Tybically such masks may be worn for extended periods. As such a build up of moisture,
¢arbon dioxide and/or filtered p.ar'ticles can accumulate. Because the pores of the filter
material may become blocked over time, breathing may become more uncomfortable the
longer the mask is worn. Such additional impediment and/or discomfort may not be

desirable, especially for patients already experiencing breathing difficultly.

An example of such a disposable mask is an N95 certified mask. N95 is a certification by
the National Institute for Occup'at.ional Safety and Health (NIOSH), for “occupation
respirators” or “surgical respirators” where “N” means ‘Not resistant to oil’, and “95” refers
to a 95% filter efficiency. They reduce the risk of the wearer from infecting others and to

some extent filtering the air before it enters the respiratory tract. N95 masks are designed
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to ﬁltef 95% of particles (particulate aerosols free of oil) that are 0.3 microns in size or

larger:..

SUMMARY OF THE INVENTION

In ge:neral terms the invention proposes a removable nozzle that seals within a mask to
deliver preéSurised gases. This may have the advantage that a standard disposable mask
may not need to be modified, the nozzle may be disposable, the ease of breathing may be
improved, moisture build-up within the dead space inside the mask may be reduced, the

appa:r'atus may be convenient and e_rgonomic and/or the apparatus may be low cost.

in a first specific expression of the invention there is provided a breathing apparatus

accdrding to claim 1. Embodiments may be implemente‘él according to any of claim 2 to 9.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be fully understood and readily put into practical effect

| there shall now be described by way of non-limitative example only, example

embodiments described belowzwith reference to the accompanying illustrative drawings in
which: -

Figure 1(a) is front view of a disposable mask with a nozzle delivering filtered air
according to a first example embodiment;

Figure 1(b) is back view of the mask in Figure 1(a);

Figure 2 is front interior view of the air filter unit in Figure 1(a);

Figure 3(a) is front perspective view of the mask and nozzle in Fig 1(a);

Figure 3(b) is back perspective view‘ of the mask and nozzle in Fig 1(a);

Figure 4(a) is a perspective view from the top of the nozzie in Fig 1(a);

Figure 4(b) is a perspecﬁve view from the bottom of the nozzle in Fig 1(a);
Figure 4(c) is top view of the nozzle in Fig 1(a);

Figure 4(d) is side view of the nozzle in Fig 1(a);
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Figuré 4(e) is front view of the nozzle in Fig 1(a);

Figure 5(a) is front perspective ﬁviéw of the mask and nozzle according to a second
éxamr;le embovdir‘nent;

Figufe 5(b) is back perspective view of the mask and nozzle in Fig 5(a);

Figure 6(a) is a perspective view from the top of the nozzle in Fig 5(a);

Figure 6(b) is a perspective view from the bottom of the nozzle in Fig 5(a);

Figuré 6(c) is top view of the nozzle in Fig 5(a);

Figure 6(d) is side view of the nozzle in Fig 5(a);

Figure. 6(e)is front view of the ﬁozzle in Fig 5(a);

_Figuré 7 is a photo of the mask ih use on a person;

Figure 8 is a photo of a test apbaratus for leaks; and

Figure 9 is a photo of fit testing of the mask.

DESCRIPTION OF EMBODIMENTS

A breéthing apparatus 100 according to the first example embodiment is shown in Figures
1 to 4. An air filter unit 102 drav.vs in ambient air, provides filtering and raises the pressure.
A flexible conduit 104 carries the pressurised filtered air to the mask 106 fitted about the
user's 108 nose and mouth. A nozzle 110 is connected at the end of the conduit 104 and
provides a sealed interface for thé pressurised filtered air into the dead space 1>1 2 within

the mask 106.

The nozzie 110 is shown in more detail in Figures 3 to 4. The nozzle 110 includes an inlet
300 of a suitable external diameter for a friction fit seal against the outlet of the conduit
104. A nozzle manifold or nozzie body 302 diffuses the air from the inlet 300 to'a much
wider outlet 303. It is desirable to diffuse the air to avoid it being blown directly up the
user’s nose or causing irritation or discomfort. The inner side 304 of the manifold 302
includes a scallop 306 designed to follow the contour of an average user’'s chin.. The outer

side 308 includes a curved profile 310 designed to follow the bottom inner surface 312 of
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~ the mésk 106. An inner seal 314 seals between the scallop 306 and the user’s chin. An

- o‘.u'ter seal 316 seals between curved profile 310 and the bottom inner surface 312. The

nozzle is made from medical grade polymer.

The éhape of the outlet 303 is designed with the necessary minimum cross-sectional area
of 80 squafe millimetres, i.e. the cross-sectional area of the conduit 104, to allow 20-30
L/min of filtered air to pass through; and at the same time ensuring the effectiveness of
the inner seal 314 and the outer seal 316. Thus, the maximum height of the opening of the
dutiet 303 is in the middle portic:Jn', the shape tapers gradu.jally to the two ends and the twd
ends’ ére sharp to provide effective sealing when the inner seal 314 and then outer seal |

316 are put on.

The scallop 306 is designed with a curvature that follows the contour of an average adult
user's chin. The 5-8 mm thickness of the outer seal 316 provides the flexibility and

effectiveness of sealing for users with variations in chin contour. Initially, different

| rectangular and thicker sizes and shapes were designed and tested, but they failed the fit

test (i.'e. leakage test), until the scallop 306 design was arrived. For users with smaller
chin size, e.g. children and teenagers, the radius of the scallo'p 306 is reduced accordingly

to provide effective sealing.

The inner seal 314 and the outer seal 316 are foam rubber or sponge rubber attached
with adhesive or glue to the manifold 302. The inner seal 314 is rectangular approximately
85-95 mm long, 10-15 mm wide and-5-8 mm thick. The outer seal 316 is rectangular
approximately 60-70mm long, 10-15 mm wide and 5-8 mm thick. Ther seals are
rectangular in cross-section so that they can be easily manufactured by cuttihg out from a

large piece of standard foam rubber or sponge rubber material.
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o The‘ bottom inner surface 312 n_ﬁay be used for the nozzle 110 to attach to the mask 106.

Thié n_ﬁay be advantagebus because it may avoid any torsion or twisting on the nozzle that
might occur if it was located on the side of the mask. This may avoid any leaks caused by

the mask edge being lifted and any kinks in the conduit.

The conduit 104 runs from the air filter unit 102 to the nozzle inlet 300. It is constructed on

. medical grade silicone with an inner diameter of 8mm and a wall thickness of tmm. The

| Iéngth: depends on the size of the user and is typically 300-500mm long. The conduit 104

rhay be clipped to or worn underneath a user’s clothing.

A quick release connector 212 is provided between the outlet of the air filter unit 102 and

the inlet of the conduit 104 for easy connection and disconnection of the conduit 104.

The air filter unit 102 is shown in more detail in Fig"ure 2. ltincludes a brushless DC motor

200 driving a centrifugal fan 202. The motor 200 is energised by an electronic controller

| 204 which is powered by an 11.1V 1600mAh Lithium Polymer rechargeable battery 205.

For normal use the air filter unit 102 delivers approximately 20-30L/min of filtered air for up
to 4 hours use. The air filter unit 102 is made of medical grade polymer and includes a belt

clip for attachment.

The inlet to the fan 202 is sealed and covered with a snap on cover 206 for a flat filter 208.
The filter may be compliant with the same standard as the mask 106, such as N95. The

snap‘ on cover 206 allows easy chariging of the flat filter 208 when required.

The electronic controlier 204 includes a PCB, and a control knob 210. The user can rotate
the control knob to select what speed the fan runs at. The electronic controller 204 is in a
separate compartment 203 from the motor 200 and fan 202 which are sealed to ensure no

contamination. A plug 207 is provided for an external battery charger to charge the battery
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205. The motor is energised using pulse width modulation (PWM) for speed control. The

combination of a brushless DC motor and PWM may provide high energy efficiency and/or

longer battery life.

The majority of air within the mask 106 has been drawn in through filter 208, and not
through the mask 106. This means the mask 106 gets choked less easily and thus lasts

longer. In addition, the positive pressure within the mask provided by the invention

3 increa:_ses the efficiency of breathing by: (1) increasing the speed of the exhaled air from

. the USer to pass through the mask 106 to the surrbundings, and (2) reducing the amount :

of pathogens and dirt sticking onto the outside of the mask 106. The invention has been
tested by a few users and each of them found that the flow of filtered air from the

apparatus in the mask 106 has significantly improved the ease and comfort of breathing.

In Figures 1 to 4 the nozzle 110 is affixed via the outer seal 316 to the bottom inner

surface 312 by adhesive, such as an adhesive tape or glue. Alternatively as shown in

‘ Figuré's 5 to 6, the nozzle 110 ié affixed to the bottom inner surface 312 via a clip 500

according to a second example embodiment. In this case the clip 500 is 25-30 mm long,
8-10 mm wide and 1.5-2 mm thick, and is thus resilient such that it can be affixed to and
removed from the mask 106 conveniently. Polymer materials based on polystyrene or

polypropylene méy provide the resilience needed.

In Figure 7 the mask 106 is shown in use attached to the face 108 of a user. As can be
seen the nozzle 110 is at the bottom of the mask, and the conduit 104 follows comfortably

under the chin and down the user’s torso.

To check the sealing effectiveness of the nozzle 110, a 3M Qualitative FT-30 Fit Test Kit
800 was used, as shown In Figure 8. The Test Kit comprises the Hood 801, a 55 ml bottle

of the bitter Sensitivity Solution 802, a 55 mi bottle of the bitter Fit Test Solution 803, and



10

15

20

WO 2012/050521 PCT/SG2010/000391
. 7
2 Nebulisers 804. The Sensitivity Solution is a very dilute version of the Fit Test Solution.

.Durihé the fit test, as shown in Figﬁre 9, the Hood 801 is placed onto the user. According
to the required procedure, the sensitivity test is first carried out to check whether the user
is able to detect the bitter solution used. In this sensitivity test, the user does not wear the
mask with nozzle. Two or three drops of the Sensitivity Solution 802 are dropped into one
of the NebUI'isers 804. An' aerosol of the Sensitivity Solution 802 is then introduced into the
Hood 801 from the Nebuliser 804 via a hole 805 at the front of the Hood 801. If the user is
ﬁot able to detect the bitter tasfe,‘ then another user will be needed for the sensitivity test.j
Onée ‘a'suitable user is availabie,' the subsequent actual Fit Test foIIQws, in Which the user
puts 'o:'n the mask 100 with the ﬁozzle 110, and introduces an aerosol of the Fit Test

Solution 803 using the other Nebuliser 804.

| . The sealing effectiveness using a 3M Qualitative FT-30 Fit Test Kit 800 has been tested

for both nozzle designs, i.e. nozzle without clip (Fiéures 3 and 4) and with clip (Figures 5

and 6), and both designs passed‘ the fit tests.

While various example embodiments have been described in the detailed description, it
will be understood by those skilled in the technology concerned thaf many variations in
details of design, construction and/or operation may be made without departing from the
scope as claimed. For example the air filier unit may be integrated into the nozzle and the
conduit dispensed with. The power source may be separated from the air filter unit and
may provide power generation such as from the 'mov_ement of the user‘or from sQIar
panelé. The nozzile may be usédvfor delivering other kinds of gases such as higher oxygen

mixes and/or can be used with non disposable masks and breathing equipment.
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CLAIMS:

1. A breathing apparatus comprising: -
an inlet configured to receive pressurised gases,
- an outlet donfigured to diffuse the préssurised gases within the dead space of a
face mask,
a detachable nozzle manifold configured to pass the press>urised gases from the
inlet to the outlet, and
a seal configured to substantially air tight seal the nozzle manifold between a

user's face and a bottom inner surface of the mask.

2. The apparatus in claim 1 further comprising a clip configured to substantially hold

the detachable nozzle manifold in place on the mask.

3. The apparatus in claim 1 further comprising an adhesive layer configured to

substantially hold the detachable nozzle manifold in place on the mask.

4. The apparatus of any one of the preceding claims further comprising a flexible

conduit communicating the pressurised gases to the inlet.

5. The apparatus of claim 4 further compfising a quick release connector between the

flexible conduit and the inlet.

6. The apparatus of any one of the preceding claims further comprising a filtered

blower configured to deliver filtered pressurised air to the inlet.

7. The apparatus of claim 6 wherein the blower is variablé speed configured to

deliver 20-30L/min.
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8. The apparatus of any one of the preceding claims wherein the seal comprises a
first elongated foam strip adhered to the side of the manifold configured to face the user,
and a second elongated foam strip short_er than the first strip adhered to the side of the

manifold configured to attach to the mask.

9. The apparatus of any one of the preceding claims wherein the mask is N95

certified disposable face mask.



