-1- METHOD OF PRECI PI TATI NG Al RBORNE

PARTI CLES

The present invention relates to a nethod of preci pitating airborne

particles and, in particular, 5 to a method which

is suitable for

donmesti c use. Al rborne particles such as dust aero allergens

are believed to have a significant effect on I ndi vi dual Gﬁﬂk.ble
to allergies sTR74E88 st hna. These particles reduce theﬁg?#iqua $ﬂy
and can set off 10 breathing difficulties when disturbed, for exanple
after vacuum cl eani ng. US- A-4776515 di scl oses an apparatus for

germerating a mst of negatively charged liquid drops

froma capillary

tube in fluid comunication wwth a 15 contai ner containing the said
liquid, in which an external voLtaoecsource_ls a{glyed to_an electrode at

| east partially wthin t#He ; :
means of an el ectrodynam c punpi ng effect.

SU—A—1482732 di scl oses

an apparatus for use i 20 oy AGHLCYhbUAEI SR T ATRARLRCHeEROREEESO!

sprayer is

precipitating airborne particles and,

in particular,

5 to a method which is suitable for domestic use.

Airborne particles such as dust

aero allergens

are believed to have a significant effect on

individuals susceptible to allergies

such as asthma.

These particles reduce the air guality and can set off
10 breathing difficulties when disturbed, for example

after vacuum cleaning.

We have now developed a method of reducing the

problems caused by airborne particles by causing the

particles to precipitate.

15 Accordingly, the present invention provides a

method of precipitating airborne particles from air in
a domestic environment containing such particles,
which method comprises contacting the airborne
particles in the domestic enviromment with liquiad

20 droplets from a domestic aerosol spray device, a
unipolar charge being imparted to the said liguid
droplets during the spraying of the liquid droplets by
the aerosol spray device, the unipolar charge being at
a level such that the said droplets have a charge to

25 mass ratio of at least +/- 1 x 10 C/Kg, and the
unipolar charge being transferred between the liquid

droplets and the airborne particles by contact which

causes the airborne particles to precipitate due to

mutual repulsion.

30 Preferably the liquiad dropléts have a charge to
mass ratio of from +/- 1 x 10°*C/Kg to +/~ 1 x 1073

C/Kg. The higher the charge to mass
liguid droplets, the more pronounced
of the airborne particles.

ratio of the
the precipitation

35° The liquid which is sprayed from the aerosol
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designed so that a liquid is triboelectrically charged as it flows
al ong a tortuous path through the appar at us. W have now
devel oped a net hod of reducing the 25 probl ens caused by airborne
particles by causing the . particles to precipitate.
Accor di ngl y, ﬁﬂ%9ﬁ?%§%nt i nvention provides a met hod of PETGBOTP3EY i ng
airborne particles fromair in a donestic environment containing such
particles, 30 which nethod conprises confacting the airborne
particles in,the donestic environnment with liquid droplets froma
dorfesti c aerosol spray device, a uni pol ar charge being inparted by
doubl e | ayer charging to the said liquid droplets during the actual 35
spraying of the liquid droplets fromthe orifice of .
- 1la- t hSPI&YoS8V1sHr 4§ BESfeEAPIna Jdignddawhirhr 48 bR the at
a level such that fidren o%i d datprecand ewdrscddndmikture, ornafs ratio of at
least +/- 1 x 10[%HU1596K9’09”9ni8§ is converted into an emulsion by

shaking the aerosol device before use, or during the

5 spraying process. Examples of domestic aerosol

compositions which are in a form suitable for spraying

in accordance with the method of the invention are

Dettox Anti-Bacterial Room Spray and Air Wick Neutrair

manufactured by Reckitt and Colman Products Ltd.

10 Whilst all liquid aerosols are known to carry a
net negative or positive charge as a result of double
layer charging, or the fragmentation of liquid
droplets, the charge imparted to droplets of liquids
sprayed from standard devices is only of the order of

15 1 x 10® to 1 x 10¥ C/Kg.

The invention relies on combining various
characteristics of the aerosol system in order to
maximise the charging of the liquid as it is sprayed
from the aerosol spray device. The optimum

20 combination varies for each product formulation.

It is possible to impart higher charges to the
liquid droplets by choosing the material, shape and
dimensions of the actuator, insert valve and dip tube
and the characteristics of the liquid which is to be

25 sprayed, so that the reguired level of charge is
generated as the liquid is dispersed as droplets.

A number of characteristics of the aerosol system
increase double layer charging and charge exchange
between the liquid formulation and the surfaces of the

30 aerosol system. Such increases are brought about by
factors which may increase the turbulence of the flow
through the system, and increase the frequency and
velocity of contact between the liguid and the
internal surfaces of the container and valve and

35 actuator system.



uni pol ar charge being transferred between the liquid 5 droplets and the

ai rborne particles by contact which causes the airborne particles to
precipitate due to nmut ual repul si on. Preferably the liquid
dropl ets have to mass ratio of from+- 1 x 10] o]
+/- 1 X 10[err]qm§ C/ Kg. The higher the charge to mass ra?leg)cgg’ﬁ%g
liquid droplets, the nore pronounced the precipitation of the .
ai rborne particles. The liquid which is sprayed fromthe aeroso
15 WO 97/ 28883 PCT/ GB97/ 00353
-2- spray device is preferably a liquid which is in the form

of a water and hydrocarbon m xture, or an

Characteristics of the actuator can be optimised
to increase the charge levels on the liquid sprayed
from the container. A smaller orifice in the actuator
insert, of a size of 0.45mm or less, increases the

5 charge levels of the liquid sprayed through the
actuator. The choice of material for the actuator can
also increase the charge levels on the liquid sprayed
from the device with materials such as nylon, PVC, and
polypropylene tending to increase the charge levels.

10 The geometry of the orifice in the insert can be
optimised to increase the charge levels on the liguid
as it is sprayed through the actuator. Inserts which
promote the mechanical break-up of the liquid give
better charging.

15 The actuator insert of the spray device may be
formed from a conducting, insulating, semiconducting
or static-~dissipative material.

The characteristics of the dip tube can be
optimised to increase charge levels in the liquiad

20 sprayed from the container. A narrow dip tube, of for
example about 1.27mm internal diameter, increases the
charge levels on the liquid, and the dip tube material
can also be changed to increase charge.

Valve characteristics can be selected which

25 increase the charge to mass ratio of the liquid
product as it is sprayed from the container. A
smaller tailpiece orifice in the housing, of about
0.65mm, increases product charge to mass ratio during
spraying. A reduced number of holes in the stem, for

30 exanple 2 x 0.50mm also increases product charge
during spraying. The presence of a vapour phase tap
helps to maximise the charge levels, a smaller orifice
vapour phase tap, of for example about 0.50mm to
0.75mm generally giving higher charge levels.

35 Changes in the product formulation can also



enmul sion, or which is converted into an enul sion by shaki ng the
aerosol device before use, or during the 5 sprayi ng process. Exanples
of donestic aerosol conpositions which are in a formsuitable for
sprayi ng I n_accordance with the nethod of the invention are

Dett ox Anti- BAXBP8# Room Spray and Air Wck Neutrair PEHIGBYMO0IBed by
Reckitt and Col man Products Ltd. 10 Whilst all liqguid aerosols are
known to carry a net negative or pO%Itlve charge as a result of double
| ayer charging, or the fragnentation of [ quid droplets, the charge

i nparted to droplets of |iquids sprayed from standard devices is only
of the order of 15 1 x 10[err] to 1 x 10[err] C Kg. The

i nvention relies on conbining various characteristics of the aerosol
systemin order affect chargingcdavelsshagifogmolathen| cogotainingtai s

sprayed f 1 Of1 4cBBr 866 P N I b Ui wa LS ‘" Oap gynaﬁ&ﬁl&.?@& Ngj i on

varies for each groduct fornulatlon ossible to 1 npart

hi gher charges to™Ppgcibl WYQﬁﬁ?F¥RQHﬂQ§F§“BﬁeEhoBéFﬁgc?ﬁEYn%IQ&QQﬂr shape
and di nensi chargé tdemass wEtoio wheseispragedefrod the 62&6501 and the

char act ori sbi o GhylBg LhgkIElhbe'h Wtk BSohD o SHYAYETerSoh Wiing e

required | evel of charge,1s generated as the |1quid |spersed as
dropl et s. formul v of characteristics of the aerosol system
i ncrease doubl e | ayerActerdimplypndc ayopherxaspagt the préséneen the |iquid

formul ati on and iﬁgeﬁﬂﬁﬁcﬁfbﬁdég'ea ?I& °%e%8§0'l‘m§§§{é§ﬂ%e Ny Ebé e%{:eases

are brought about actors I ncr e of the
f1 ow t hr ouﬁha’t'%% o stmid dr ql-ﬂ(ﬁ*e,sa?@ pheredugt ewRich are

10 sprayed from a domestic aerosol spray device at a
level such that the said droplets have a charge to
mass ratio of at least +/~ 1 x 10" C/Kg, the said
method comprising choosing the material of the
actuator, the size of orifice of the actuator, the

15 diameter of the dip tube, the characteristics of the
valve and the formulation of the product in order to
achieve the reguired charge to mass ratio.

The liquid droplets sprayed from the aerosol
spray device will generally have a range of droplets

20 sizes in the range of from 5 to 100 micrometres, with
a peak of droplets of about 40 micrometres.

The liquid which is sprayed from the aerosol

spray device may contain a predetermined amount of a
particulate material, for example fused silica, or a

25 predetermined amount of a volatile solid material,
such as menthol or naphthalene.

The method of the present invention accelerates
the natural process of precipitation of airborne
particles by indirect charging of the particles,

30 thereby enabling the air quality to be improved
quickly and conveniently.

The present invention enables domestic aerosol
products to be used to reduce the amount of airborne
dust particles in a room with effect in a short space

35 of time. The aerosol product reduces the
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velocity of contact between the liquid and the i nternal surfaces of
the container and val ve and 35 actuator system WO 97/ 28883
PCT/ GB97/ 00353 - 3-

Characteristics_of actuator can be opti m sed to incr Rg
charge | evels cﬁﬁ%ﬁé&ﬁ?quid sprayed fromthe container. %@@ﬁﬁ% 3
orifice in the actuator insert, of a size of 0.45mm or |ess,

i ncreases the- 5 charge |l evels of the |4 cqi-d sprayed through the
actuator. The choice of material for the actuator can al so increase
the charge levels on the liquid sprayed fromthe device with

mat eri als such as nylon, PVC, and pol ypropyl ene tending to increase
t he. charge | evels.

optimsed to incr eé’ég'cteﬁé:;gﬁﬁaﬁggfte%%}'é)g’gigte%%f;i{ca% dlig Ehgo&g’s %ékﬁ?&] e
breathing easier, especially for allergy sufferers.
The product would be of particular benefit directly
following vacuum cleaning when the concentration of
5 aero-allergens is elevated.
The present invention will be further described

. with reference to the following Example.

E LE 1
10
A cloud of airborne talc particles was generated

in an airtight enclosure using a powder spray gun, and
the natural precipitation rate was recorded on a
series of clean microscopic slides, presented for 30

15 seconds each, at 30 second intervals. The amount of
talc on each slide was quantified by counting the
number of particles in the field of view of a
microscope, x140 magnification, in 10 randomly chosen
locations. The mean number of particles for each 30

20 second interval was then calculated, and the values
normalized to one to account for any variation in the
cloud densities between experiments. The number of
particles for the first 30 seconds after cloud
generation was taken as one, and all the other wvalues

25 normalized to this point. The natural settling rate
of talc was taken as the control.

To assess the effect of a domestic aerosol

product, Airwick Neutrair (Reckitt & Colman Products
Ltd) on the rate of precipitation of talc, the aerosol

30 was sprayed into the cloud for 5 seconds, 75 seconds
after generation of the cloud using three different
nozzle configurations. The precipitation rate of the
talc under these conditions was recorded in the same
way as previously described. The natural settling

35 rate of talc was measured as a control 1, and the



as it is sprayed through the actuator. Inserts which pronote the

nmechani cal break-up of the |iquid give better charging. 15

The actuator insert of the spray device may be formed froma
conducting, insulating, sem conducting or static-dissipative

materi al . WO9728883The characteristics of the dip tube can R€3/GB97/00353
optimsed to increase charge levels in the liquid 20 sprayed fromthe
container. A narrow dip tube, of for exanpl e about 1.27mm i nternal
di aneter, increases the char ge | evePs”on the liquid, and the dip tube
mat eri al can al so be changed to increase charge. Val ve
characteristics can be sel ected which 25 I ncrease the charge to nass
ratio of the liquid product as it is sprayed fromthe container. A
smal | er tail pi ecepoocédure idesdrdbeduwasgtheh ebornied out fhrb%he | ncreases
product charge to, Q?ééoi ith 'dedaara acé?&i‘yha?zlé‘ 3 Qe awber of
holes in the stem exanpl e 2 SO i ncreases product

char ge dur|+EF d@*?ﬂ;a'Hi?eﬁFesEﬁeé'oYlﬁhv%p%%¥z¥ﬁ1 £antedning a

hel ps t o maxi M sebtdess chiegeget 12 wdlth, aastﬂfalu;nt-ﬂhrémgm hole, andpetithphase
L oo bor, £*AIBh AP WL QHITL 'Ry) charle [2HEY PEREE eile Ualalidel O

charge | evel s. Changes I on can al so
the can from a high voltage power supply 4. Each

experiment was repeated 3 times.
Table 1 below shows the mean number of talc
particles seen in the field of view for each of the
10 different conditions described above. The data has
been normalized. This data is represented graphically
in Figure 1.

15
30 1
60 0.69 0.66 0.73 1.06
90 0.54 0.54 0.71 1.01
20 120 0.42 0.39 0.59 0.77
150 0.47 0.33 0.57 0.58
180 0.53 0.50 0.74 0.58
210 0.54 0.33 0.44 0.52
240 0.51 0.35 0.42 0.46
25 _ 270 0.49 0.41 0.40 0.39
This data shows that the aerosol with the
standard acetal nozzle 2 does not increase talc
precipitation above the normal rate of settling 1.
30 With the brass nozzle 3 there is a small increase in

precipitation, and with the application of a high
voltage to the brass nozzle 4 the charge to mass ratio



- 4 - affect charging levels. A fornmulation containing a

m xture of hydrocarbon and water, or an emnul sion of an I mm sci bl e
hydr ocar bon and wat er, mﬁll carry a hi gher charge to nass rati o when
sprayed fromt 5 device than either a water alo

hydr ocar bon algﬁ%q£ fornulatlon. Accordingly, in ancﬁﬁi'gesfl53
aspect the present . invention provides a nethod for inparting a

uni pol ar charge to liquid dropl ets «off a product which are 10

sprayed from a donestic aerosol spray device at a | evel such that the
sai d droplets have a charge to mass ratio of at least +/- 1 x 10[err]
C/ Kg, the said nmet hod conpri si ng choosi ng the naterial of the
actuator, the size of orifice of the actuator,, the neter. of the
dip tupe and the cR%r iBecppEPERL dFoplets JﬁhélﬁéPGéCBPt}ﬁe 4 @85¢r 050l
spray device, and shown fheTablew2 atbedowxf the product contained within the
donesti c aerosol spray device, in order to achieve the required
charge to nass rati o by double | ayer chargi ng_ 20 i mparting a unipol ar
charge to the droplets during the agﬁﬁgﬁ—%praying of the liquid
droplets fromst he orifice of the donestlc aerosol spray device

The liquid dropl ets sprayge-tamte—atiasaloe =

| Charge to Mass Ratio

Aerosaol, standard nozzle x 10°¢ c/Kg

Aerosol, brass nozzle -2.7 x 107 C/Kg

Aerosol, brass nozzle, 10KV | -9.1 x 10 CfKg

10 Talcum Powder +7.8 x 10°% C/Kg
XAMP 2

A dust cloud was generated in an air tight

15 enclosure of approximately 66m® using 0.5 grams of
house dust sieved, K to below 63 micrometres. The cloud
was generated by blowing the dust for 1 second with
clean, dry compressed air. The original density of
the cloud 30 seconds after its generation was measured

20 using a Malvern APC (air particle counter) 300A. The
number of particles in 0.028m’ of air was recorded
into 8 size bands between 1 and 25 micrometres by the
particle counter. Measurements were subseguently
taken 2.0, 5.5, 11.5 and 21.5 minutes after the cloud

25 was generated. The number of particles counted into
each size band at each time point was converted into
the percentage of particles remaining, of those
present 30 seconds after generation of the cloud.
This procedure was repeated 3 times and the mean

30 percentage for each size band at each time point
calculated. This represented the natural rate of
clearing the dust cloud, and was used to compare
particle clearing after the various treatments.

To show the clearance rate of airborne parcels



spray device wll generally have a range of droplets 25 sizes in the
range of fromb5 to 100 mcronetres, wth a peak of droplets of about
40 m cronetres. The liquid which is sprayed fromthe aeroso
spray device may contain a predeterm ned anount of a particul ate
material , forvﬂi I fused silica, or a 30 pr edet er ni nedPaNEHATO3ES 5
volatile solid nateri al, .such as nent hol or napht hal ene. _

The nmethod of the present invention accglgrates t he natural process
of precipitation of airborne " particles by indirect charging of the
particles, 35 t hereby enabling the air quality to be inproved

- 4a- - qui ckly and conveniently. The present invention

enabl es donestic aerosol products to be used to reduce the anmount of
" ai rbor ne dustfplkauinge $reataepsoitht the rgtandard ReskextAnbire 5  of
tinme. The aer oscdadierdadt RoRAUSPEayNProduct (Reckitt & Colman

Products Ltd), a dust cloud was generated as before.
A particle count was made 30 seconds after cloud
5 generation, and considered to be the original cloud

density. 1.5 minutes after cloud generation a 0.5
second spray of the standard Dettox product was made
into the dust cloud. Further particle counts were
made 0.5, 4, 10 and 20 minutes after the spray of

10 Dettox. These counts were therefore 2.0, 5.5, 11.5
and 21.5 minutes after cloud generation, and can be
compared to the particle counts during natural
clearing. Again, this procedure was repeated 3 times,
the data corrected for liquid droplets (as described

15 below), and converted into the percentage of particles
remaining from the original cloud.

The Malvern APC 300 particle counter measures not
only solid airborne particles but also airborne liguid
droplets. For this reason the particle counts taken

20 after a spray of liquid aerosol must be corrected for
the number of liqguid droplets originating from this
source. To do this a background particle count was
first taken. The aerosol was then sprayed into the
enclosure. for 0.5 seconds, and particle counts taken

25 after 0.5, 4, 10 and 20 minutes. The background
particle count for each size band was subtracted from
the droplet count to leave the count for liquid
droplets alone. Three replicates were performed. The
mean number of liquid droplets in each size band, at

30 0.5, 4, 10 and 20 minutes after spraying the aerosol
was then subtracted from the particle counts taken at
these times after treatment of the dust cloud with the
liquid aerosol. This leaves only the number of soliad
particles which remain airborne. After conversion to

35 percentage of sold particles remaining from the



WD 97/ 28883 PCT/ GB97/ 00353

-5- concentration of airborne particles in a room naking
breat hi ng easier, especially for allergy sufferers. The product would
be of particul Lt directly foll ow ng vacuum cl eanj ng when_t he
concentration gﬁxnﬁﬂﬁkgero-allergens s el evat ed. Tﬂ%ﬂﬁ?%@ﬂﬁ?

i nvention will be further described with reference to the follow ng
Exanpl e. EXAYPLE 1 10 A cl oud of
airborne talc particles was generated in an airtight enclosure using
a powder spray gun, and the natural precipitation rate was recorded
on a series of clean mcroscopic slides, presented for 30 15

seconds each, at 30 second intervals. The anount of
original cloud, these values can be compared to the

percentage of particles remaining over time during
natural clearing.
The effect of three aerosol treatments wvere
5 measured in this way. The standard Dettox aerosol,
Dettox with an Acc-u-so0l® {(manufactured by Precision
Valve UK Ltd) actuator with a 0.45mm MBU CO, insert,
and standard Dettox with -10 KV applied to the seam of
the can from a high voltage power supply. The effect
10 of the treatments on particles of between 2 and 5
micrometres is shown in Figure 2. The trend for a
reduction in the number of particles remaining
airborne which are of 1 to 2 micrometres and 5 to 25
micrometres is very similar to that shown for
15 particles of 2 to 5 micrometres. Figure 2 shows that
30 seconds after spraying, for all treatments, with
the exception of standard Dettox, the reduced particle
concentration is maintained below the natural
concentration level for more than 20 minutes. The
20 standard Dettox product has a charge to mass ratio of
3 x 10 ¢/Kg. Treatment of a dust cloud with this
product reduced the number of particles of this size
remaining airborne by no more than 30%. The “Acc-u-
sol” 0.45mm MBU CO actuator increases the charge to
25 mass ratio to 6.5 x 107 C/Kg, and accordingly effects
a slightly higher reduction in the number of airborne
particles remaining. Applying -10 KV to the Dettox
aerosol artificially increases the charge to mass
ratio to ~6.5 x 10™* C/Kg. Figure 2 clearly shows that
30 Dettox with this level of charge reduced the
percentage of 2 to 5 micron particles remaining
airborne by about 60%. This evidence demonstrates
that domestic room sprays with elevated charge to mass
ratios can significantly reduce the number of airborne
35 particles in a broad spectrum of sizes.



talc on each slide was quantified by counting the nunber of particles
inthe field of view of a m croscope, x140 magnification, in 10
random 'y chosen | ocations. The nean nunber of particles for each 30
20 second interval was then cal cul ated, and the val ues nor mal i zed
to one to accHM?BHP any variation in the cl oud densi PFESBEMIEN
experinments. The nunber of particles for the first 30 seconds after
cl oud generation was taken as one jgnd all the other values 25
normalized to this point. The natural settling rate of talc was
taken as the control. To assess the effect of a donestic aerosol
product, Airwick Neutrair (Reckitt & Col man Products Ltd) on the rate
of precipitation of talc, the aerosol 30 ayed into the cloud for
5 seconds, 75 seconds The Chaé‘ﬂﬁeﬂ:"gEﬁéFaﬁB%Pd?f t&é“%ﬁ"’e‘&‘dregﬂngprﬁvée

di fferent newy | e Gitdegiseat tenﬁheThéq@iﬁﬁl Ridwil @F nake10fé igg

e sty soser DI BAR HSEEHORY SR 1208 o pin, o

as a control 1, nalr attains a w_xpgggzggg@ss ratio of -2 x 10

PCT/ G897/ 00363 C/Kg when sprayed through an "Acc~-u-sol” actuator with
0.45mm MBU CO, insert, and a valve system with 3mm
(internal diameter) polyethylene dip tube, 0.65mm
diameter housing orifice, 4 x 0.61lmm diameter stem
orifices and a 1.17mm diameter vapour phase tap.

10



- 6- procedure described was then carried out for tnﬂllm["u"“m"lll'““'
aerosol with a standard acetal nozzle 2 having an I nse

tapered hole, with a nozzle containing a brass insert. 3™ th &

strai ght -through, and with 5 a -10 kilo volts (KV) chqggtﬁﬁ%&$§d
to the seam of he can froma hi gh voltage power supply 4. Each
experinment was repeated 3 tines. Tabl e 1 bel ow shows the nean
nunber of talc particles seen in thaii-eld of view for each of the 10
di fferent conditions described above. The data has been nornali zed.
This data is represented . graphically in Figure 1.

TABLE 1 15 Ti me, seconds Control, Aer osol , Aer osol ,
.Aerosol, brass . natural settling acetal nozzle brass
nozzl e nozzle, - 1ERRAME: (1) (2)

(3) (4) 30 1 1

1 1. &’ﬁgihod of réélpltatlng dPrborne bbﬂ¥ic1es from 90

air in a:%omestlc environment containing such

5 particles, which method comprises contacting the
airborne particles in the domestic environment with
liquid droplets from a domestic aerosol spray device,
a unipolar charge being imparted to the said liquid

0.54 0.54

droplets during the spraying of the liquid droplets by

10 the aeroscol spray device, the unipolar charge being at
a level such that the said droplets have a charge to
mass ratio of at least +/~ 1 x 10™* C/Kg, and the
unipolar charge being transferred between the liquid
droplets and the airborne particles by contact which

15 causes the airborne particles to precipitate due to
mutual repulsion.

2. A method as claimed in claim 1, wherein the
droplets have a charge to mass ratio of from +/~ 1 x
20 10 Cc/Kg to +/~ 1 x 1073 C/Kg.

3. A method as claimed in claim 1 or claim 2 wherein
the liquid droplets contain a particulate material.

25 4. A method as claimed in any one of the preceding
claims wherein the liquid sprayed from the aerosol
device is an emulsion.

5. A method as claimed in any one of the preceding
30 claims wherein the liquid droplets have a size in the
range of from 5 to 100 micrometres.

6. A method as claimed in any one of the preceding
- claims wherein the domestic aerosocl spray device

35 comprises an aerosol can.
THIS SHEET HAS BEEN
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270 0. WP 9728883 41 0. 40 0. 39 PCTGRYOO3: a
shows that the aerosol with the standard acetal nozzle 2 does not
i ncrease talc precipitation above_tfyie normal rate of settling 1. 30
Wth the brass nozzle 3 there i's a small i1ncrease in precipitation,
and with the application of a high voltage to the brass nozzle 4 the

. charge to mass ratio WO 97/ 28883
PCT/ GB97/ 00353 -7-

7. A method for imparting a unipolar charge to
liquid droplets of a product which are sprayed from a
domestic aerosol spray device at a level such that the
said droplets have a charge to mass ratio of at least
5 +/- 1 x 10" C/Kg, the said method comprising choosing
the material of the actuator, the size of orifice of
the actuator, the diameter of the dip tube, the
characteristics of the valve and the formulation of
the product in order to achieve the required charge to
10 mass ratio.
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of the aerosol droplets is significantly enhanced as shown in Table
2, bel ow TABLE 2 5 '
Mat eri al Charge to Mass Ratio Aerosol , standard nozzle

+2.4 x 10[err] Aer osol brassnozzle -2.7 x Kg
Aer.osol , brass Vﬁé% -10KV  -9.1 X 10[err] CKg 10 . qui‘ﬂ?ymgézm
Powder +7.8 x 10[err] C/ Kg EXAMPLE 2
A dust cloud was generated in an air tight 15 encl osure of approximately
66nferr] using 0.5 grans of house dugpy si evedto bel ow 63 micronetres.
The’ cl oud was generated by blowi ng the dust for 1 second with

clean, dry conpressed air. The original density of the cloud 30
seconds after its generation was neasured 20 using a Malvern APC (air
particle counter) 300A. The nunber of particles in 0.028n{err] of
air was recorded into 8 size bands between 1 and 25 m cronetres by

t he particle counter. Measurenents were subsequently taken 2.0,
5.5, 11.5 and 21.5 mnutes after the cloud 25 was generated. The nunber
of particles counted into each size band at each tine point was
converted into
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t he percentage of particles remaining, of those present 30 seconds
after generation of the cloud. This procedure was repeated 3 tines
and the nean 30 percentage for each size band at each tine point

cal cul ated. Thiwghepdsgsented the natural rate of cl eari e _dust
cl oud, and was \3(5)3? to conpare particle clearing after 3’%&5‘%}27’%’62;
treat nents. To show the cl earance rate of airborne parcels
WD 97/ 28883 2/2 PCT/ GB97/ 00353 ‘
following treatnment with the standard Dettpx, Anti - Bacterial Room
Spray product (Reckitt & Col man Pro s Ltd), a dust cloud was
generated as before. A particle cc{(u s made 30 seconds after cloud
5 ~«generation, and considered to be the&oﬁ@;i nal cl oud
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densify 1.5 mnutes after cloud geheratioh“é 0.5 . .second spray of

t he standard Dettox product was nade " into the- dust o Eurther
particle counts were made 0.5, 4, 10 and 20 mi nutes ﬁEP&ACEMENBBHBM
of 10 Dettox. These counts were therefore 2.0, 5.5/ . et c 5
m nutes after cloud generation, and can be conpare m;gf ‘ﬁ
counts during natural clearing. Again, this procedur #8@ bé
tinmes, ~ the data corrected for liquid droplets (as descrihed 15

bel ow), and converted into the percentage of particles renalnlng from

the original cloud. wmeTHOD OF ﬂiﬁbi@i%ﬂfﬂn&?ﬁiﬁﬁ@nﬁﬂr?I et
nmeasur es not onfy solTd alrborne partrcles also airborne liquid
“droplets. For this reason the particle counts taken 20 after a spray of

l'iquid aerosol nust Mg qm’éﬁzitedlﬁxﬁéntlon réh&téé”b@ra%ethadilgfdr oplets
originating fromthis, our.ce. round i cl e count

ck
oas N PR g T R PO LR 3B | P bTRELCuLaE,
encl osuresfor @b as ey mncblpenrslsufta:bllensofa&emeéﬁlc uaéter 0.5, 4, 10
and 20 mnutes. The,, oL, he t band was
subtracted from (i£¥§§§ﬂf¢§%%§l%%ﬁﬁn5§ I%%v%8¥€ea%gé %f¥€¥s+%%
dropl et s al one arehhed iiepied dat dwweere piyibf heant TeEfect onnean nunber of
liquid drOplet%ﬂdlﬁ%ﬁﬂhﬂ%3§%§E¥§515§e alfé§$1és dcRNds 20sehpalt €s af ter

sprayi ng the aerosol . was then subtracted Tromthe particle counts
taken at Thesse RATRSC LA sredyeattinta by TvRlitktiardotdnvieh ohk

l'iquid aenosol pbriathilA\ETE fAdul dies whiderdDétefbed, for epanplel es which
remai n airborne.. After conversion to 35 percentage of sold particles

r emai ni ng fron@gﬁ r vacuum cleaning. |
US-A-4776515 discloses an apparatus for

. generating a mist of negatively charged liquid drops
_ "from a capillary tube in fluid communication with a
15 container containing the said liquid, in which an
external voltage source is applied to an electrode at
least partially within the capillary tube. The device
operates by means of an electrodynamic pumping effect.
‘ SU-A-1482732 discloses an apparatus for use in
20 agrlculture in which an electro aerosol sprayer is
de31gned so that a liquid is triboelectrically charged_
as it flows along a tortuous path through the
apparatus. :
' We have now developed a method of reducing the
25 problems caused by airborne particles by causing the
particles to precipitate. o
Accordingly, the present invention provides a
method of precipitating airborne particles from air in
a domestic environment containing such particles,

30 which method comprises contacting the airborne
'particles in the domestic environment with 1iquid
droplets from a domestic aerosol spray device, a

unipolar charge belng 1mparted by double layer
charging to the said liquid droplets during the actual
35 spraying of the-liquid droplets from the orifice of
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-9- original cloud,. these values can be cdnpared to the’
percentage of particles remaining over tinme during ° =~ natudral clearing.
The effect of three aerosol treatnents fvere 5 nedasured in this way.
The standard Dettox aerosol, Dett@X with an Acc-u- sol[err] .

(manuf actured by Precision Valve UK Ltd) actuator with a 0.45nm I\/BU
CJerr] insert, and standard Dettox with -10 KV.applied to the seam
of the can froma high voltage power supply: The effect 10 of the
treatments on @%taéfﬁopfsﬁ’ﬁyﬂ&ébﬁcé‘ndtﬁe unlpoﬁafr@lﬁ@f €5 fng wn i n
Figure 2. Thetrendfor ductjon_in unber o articles

remai ni ng a 1level, %\h‘?k&‘ﬁt a?lée ofaydgrop ¢ R %li‘ér%et"bo 25

mi cronetres i snasy waiio lof 410 ldwdt showniforio " C/Kg, and the
unipolar charge being transferred between the liquid
5 droplets and the airborne particles by contact which
causes the airborne particles to precipitate due to g
mutual repu131on
Preferably the llquld droplets have a charge to
_ mass ratio of from f/ 1 x 10*C/Kg to +/- 1 x 1073
10 C/Kg. The higher the charge to mass ratio of the
" liquid droplets, the more pronounced the precipitation
of the airborne particles.
The liquid which is sprayed from the aerosol

15
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15 particles of 2 to 5 micronetres. Figure 2 shows that[—r= 36
seconds after spraying, for all treatnents?*m[th . ‘:ithe eiﬁ%&ﬁqéM£WﬁSHEET
standard Dettox, the reduced particle concent rFation ils-fmai ntai ned "1
bel ow t he nat ural - concentration lgvel for nore’than 0 [vi ngt gaN146$
20 standard Dettox product has a charge to nmass ratio off | %gx'
10[err] C/Kg. Treatnment of a dust cloud with this pr gduct—redteed - t-he
nunber of particles of this size remai ni ng ai rborne Ry no nore than

30% The "Acc-u- sol "™ 0.45mm MBU CO actuator increases the charge {0
2|5_ ] Fasﬁ _ rﬁfalf(fefd(} GHarg iy ddeXs KO, A aPSmeTHE b (bonted fe0dd a a
Fenmi ni hg. AOBRHES £ R waEl) B0 Gan euyt R 68 15

i ncr eases t he imndrsgeible tggirocarbon and wate®, SwiklllOfarry a/Wighdxr gure 2

clearly shows c%x@s?lgqgoco mdd t i’&%ﬁéz@'%ﬁ%ﬁ% P;Fo.{%*?ﬁ&e%é%.wgd t he

per cent age of ] m cron particles re al rborne by about
60% Thi & evi devicaddhanteifhar a watenalereeerikydwerarirmyaliane h

el evated char gg iy 1HSSn., ~ ratios can significantly reduce the nunber of
ai rborne 35 particles_in _a broad igectrun1of Si zes.
Accordingly, in another aspect the present

invention provides a method for imparting a unipolar
charge to liquid droplets of a product which are
10 . sprayed from a domestic aerosol spray device at a
level such that the said droplets have a charge to
mass ratio of at least +/- 1 x 10™* C/Kg, the said
method comprising choosing the material of the
actuator, the size of orifice of the actuator, the
15 diameter of the dip tube and the characteristics of
the valve of the domestic aerosol spray device, and
the formulation of the product contained within the
domestic aerosbl spray.device, in order to achieve the
required charge to mass ratio by double layer charging
20 imparting a unipolar charge to the droplets during the
actual spraying of the liquid droplets from the '
orifice of the domestic aerosol spray device.
The liquid droplets sprayed from the aerosol
spray device will generally have a range of droplets
25 sizes in the range of from 5 to. 100 micrometres, with
a peék-of droplets of about 40 micrometres.
The liquid which is sprayed from the aerosol
. spray device may contain a predetermined amount of a
particulate material, for example fused silica, or a
30 . predetermined amount of a volatile solid material,
such as menthol or naphthalene. '
The method of the presgnt invention accelerates
the natural process of precipitation of airborne
particles by indirect charging of the particles,
35 thereby enabling the air quality to be improved
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- 10 - _ The charge to mass ratig of donestic rdéonisprays
can be increased to the required level of 1 x 10[err] CKg = by the
met hods descri bed herein. The product A,r Wck ""Neutrair attains a
charge to mass ratio of -2 x 10[err] “gda- C/ Kg when sprayed through an
"Acc-u-sol" actuator with 0.45mm MBU CJ err] insert, and a valve
systemw th. 3mm (internal dianeter) polyethylene dip tube, 0.65mm
di aneter housing orifice, 4 x.0.61nm di anmeter stem orifices and a
1. 17mm di amet &g, yARPYT aR3EEnVeRi eALLy .

11 - . _
The present invention enables domestic aerosol

products to be used to reduce the amount of airborne
dust particles in a room with effect in a short space
- of time. The aerosol product reduces the
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CLAIMS: 1. A method of preC|p|tat|ng airborne part
air in a donestic environnent containing such 5 parti-cl eH Inﬂ" mﬁHmHH"I

conprises contacting the ai rbor ne partlcles in the done

environment with liquid droplets 1ron1a donestic aerosol spray

devi ce, a uni pol ar charge being |npar | r

charging to the said liquid droplets during t PE)A/C% g‘ééﬁ sprayi ng of
the liquid droplets fromthe orifice of the aerosol sprfay device, the
uni pol ar charge being at a level sucH tlhal StJeNI9981 dr ppl ets have a
charge to CLAONSS ratio of at least +/- [1}x 10[err] C/ K¢, jand the

uni pol ar charge being transferred between tthe |1 qurd IS dfoplets and the
ai rborne particles by contact which - ¢auses_the airborng particles to

precipitate due toA methodubfapreeppitiating airborie partixldmdrsmcl ai ned

T %“%ﬁgstlcd%ﬁwf%%f%?‘§r%@%&%é° S 2 et hod s
clalned Fn clﬁﬁwtlcéﬁsely h mﬁéhgdncomprlaﬁﬁaqqnﬁn¢txngunh§s contain a
B?;Egg%gte Mgiebbdhe Barticlestin AHEAMMEAS | GivBbide® WOt Of the
liquid droplets from a domestic aerosol spray device,
a unipolar charge being imparted by double layer
charging'to the said liquid droplets during the actual
10 spraying of the liquid droplets from the orifice of
the aerosol spray device, the unipolar charge being at
a level such that the said droplets have a charge to
mass ratio of at least +/- 1 x 10°% C/Kg, and the
unipolar charge being transferred between the liquid
15 droplets and the airborne particles by contact which
causes the airborne particles to precipitate due to

mutual repulsion.

2. A method as claimed in claim 1, wherein the
20 droplets have a charge to mass ratio of from +/- 1 x
10" c/Kg to +/- 1 x 1073 C/Kg.

3. A method as claimed in claim 1 or claim 2 wherein
the liquid droplets contain a partidulate material.

25
4. A method as claimed in any one of the preceding
claims wherein the liquid sprayed from the aerosol
device is an emulsion.

30~ 5. A method as claimed in any one of the preceding
‘claims wherein the liquid droplets have a size in the

range of from S to 100 micrometres.

6. A method as claimed in any one of the preceding
35 ‘claims wherein the domestic aerosol spray device

AMENDED Tiiree



tlai ms wherein the liquid sprayed fromthe aerosol devj _
emul si on. 30 5. A method as clained in any one -of the”m“l:lﬂllmul "Ill I”III
¢l aims wherein the liquid droplets have a size in th : range of Mrom

to 100 micronetres. 6. A methqd as clained |n any one of the
precedi ng 35 cl ai ns wherein the doméstic aerosol spray device

- 12 - conprises an aerosol can. : 7. A method for

i mparting a unipolar charge to liquid droplets of a product which are
sprayed froma 5 domestic aerosol spray device at -a |evel such that the

comprises an aerosol can.

7. A method for imparting a unipolar charge to
liquid droplets of a product which are sprayéd from a
5 domestic aerosol spray device at a level such that the

said droplets have a charge to mass ratio of at least
+/- 1 x 10" ¢/Kg, the said method comprising choosing
the material of the actuator, the size of orifice of
the actuator, the diameter of the dip tube and the

10 characteristics of the valve of the domestic aerosol
spray device, and the formulation of the product
contained within the domestic aerosol spray device, in
order to achieve the required charge to mass ratio by
double layer charging imparting a unipolar charge to

15 the droplets during the actual'spraying of the liquid

| droplets from the orifice of the domestic aerosol

spray device.
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1 - T
sai d dropl ets have a char%gog-m erio of at | east

+/- 1 x 10[err]
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{54) Title: METHOD OF PRECIPITATING AIRBORNE PARTICLES

A method of precipitating aitbome particles from air comprising contacting the airbome particles with liquid droplets from a domestic
aerosol spray device, a unipolar charge being imparted to the liquid droplets during the spraying of the liquid droplets by the aerosol spray
device, the unipolar charge providing the droplets with a charge to mass ratio of at least +- 1 x 104 C/Kg, and the unipolar charge being
transferred between the liquid droplets and the airbome particles by contact which causes the airbome particles to precipitate due to mutual




