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TI TLE: ‘APPARATUS FOR PRODUCI NG EEEQTROSUSPENSI ONS TECHNI CAL FI ELD Thi s

i dvention relates to inprovenents in apparatus used to produce

“-el gcir osuspensi ons of particulate matter such as powders. BACKGROUND ART
~El ectrosuspensi on, al so known as el ectrodi spersion, is a technique for

suspending fine particulate matter wthin closed or open containers and is
~usual l'y produced by applying high DC potential to appropriately configuged

stati-onary el ectrodes fixed within a dispersing chanber The suspensi on

effect is produced by the interactiaon between-t-he lectric field

and the particles. The suspenn(MEREH&A@%%l%%?ﬁysln tﬁ% forim of a

dust-cl oud which partially fi | sDtwepdont pagaér-ali8Paees -statli c powder bed.

Concentration of the cloud maygbeiadgjsust epagey --#aitgipAtrdor™+ower i ng, as

required, the voltage that is gppkivafls(t)o: pipedel. .ectopegkds: A ft ypi cal but not

excl usi ve el ectrode configuratEpgbgsmone phetes... to paged ..o

TITLE: APPARAT FOR PRODUCING ELECTROSUSPENSIONS
TECHNICAL FIELD
This invention relates to improvements in apparatus
used tp produce electrosuspensions of particulate matter
such as powders,
BACKGROUND ART
Electrosuspension, also known as electrodispersion,
is a technigué for suspending fine particulate matter
within closed or open containers and is usually produced
by applying high DC-potential to appropriately
configured stationary electrodes fixed within a
dispersing chamber. The suspension effect is produced
by the interaction between the applied electric field
§nd the particles. The suspensions are typically in the
form of a dust-cloud which partially fills the container
above a static powder bed. Concentration of the cloud
'may be adjusted by.raising or lowering, as required, the
voltage that is applied to the electrodes. A typical

but not exclusive electrode configuration is one where



-2-, an electrode is enbedded within the static powder bed, while the other

I s positioned sonme 20-30 mm above the surface of the powder. Although there
are*a nunber of possible polarity conbinations which can be used, it is
often the case that the enbedded el ectrode is at earth potential. Wile the
appl i ed vol t age recesbecyrede cotiembagdedsiididn hketsrat iedandendest s
such as the relative spacing of the el ectrodes, the weight, size and shape
of particles, it whik®sthe qkher Jbo\ROSKF lopeshEamen -3 R @Poye Fhewo kv.
Particle sizes are typically in the range of froama few mcrons to several
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patents 2074610B rior art electrosuspension apparatus have

sufferred severalpd#dyef £41 . dipil@ntitdespp HidS VoLt 4 nedSs £851dd/ cause
pol ari zed by the electric

suspensions is determined by factors such as the

relative spacing of the electrodes, the weight, size and
shape of particles, it is mostly well above 10 kV -and
can be as high as 30-40 kV. Particle sizes are )
typically in the range of from a few microns to several
hundred microns.

Developments in the art of electrosuspensions have
been reported in the J. of Appl.Phys., 1980, 51 (10
5215-5222 and 5223-5227,_and in the J. of Appl.Phys.,
1984 55 (11) 4088-4094. Examples of applications of
these developments are also given in the ﬁnited Kingdom
patents 2074610B and 2143989.

Prior art electrosuspension apparatus have
sufferred several inherent disadvantages:

Firstly, particles egsily polarized by the electric
field, such as contained by many crystalline dielectrics
(e.g.: KC1l, NaCl, sugar, ascorbic acid, nicotinamid),
tend to align themselves with the field and with each
other, forming chains, filaments or needles in the
process. There is a tendency for these formations to

attach themselves to one pg.the electrodes and act as




field, such as contained by many crystalline dielectrics (e.g.: KCl, Nad,
sugar, ascorbic acid, nicotinamd), temddo align thenselves with the field
and Wi th each other, formng chains, filanments or needles in the process.
There is a"tendency for these formations to attach thenselves to one of the
el ectrodes and fielldasconcentraftiogisd- qinvdag rrtser £o dintierqititeatt and
intermttent and | ater continuous ionization of air within the di spersing
space. As ioni dad¢ea rcand: igiusersr iiqniias o e iadg, wiitibd nnsdiea diispessing
col | apse the high voltage field, resulting in the sharp reduction of, the
suspended cl ouSPaRfe f HASEONGFeS ¥ dferd C&Jﬁ%élgsﬁ@éﬂa‘lq%“ﬁr'e\% in

case that thes BRI FATIGALIARAR S A dgasien AAGLey k%s&’éétﬁ%ﬁ?e
el ectrodes, whi; I ey I tsq.gﬁ S et HYy le¥x’d nc,:ig;&ldl catfh%ns whi ch
I nvol ve the tregt or use ggﬁ%he suspen e%Q%% such as th
formatzon of filaments can be especzally prevalent in
case of fibrous dust, such as asbestos and cellulose,
and it is often the case that these type of powders form
solid bridges extending between the electrodes, while
voltage is applied.

Additionally, in applications which involve fhe
treatment or use of the suspended dust, {(such as the
vapour coating of particles), it is often necessary to
remove the suspension from within the electrode épace.
While removal can sometimes be effected by a
cross-airstream through the system, this is not always
viable. 'Removal techniques based on the tendency of
particles to *‘shoot past’ the upper electrode, being
propelled by their own upward momentum have not
generally succeeded, as the fixed upper electrode acts
as a physical barrier to the particles. This difficulty
has been addressed by adapting electrode design, for
example, by using a wiremesh type configuration.

However, the tendency of the particles to eventually
block up openings can not be easily eliminated and is
particularly prevalent with dielectric dust. A factor

further limiting the amount and concentration of dust



vapouricoating of particles), it is often necessary to renove the

suspension fromw thin the el ectrode space. Wile renoval

can sonetines be

effected by a cross-airstreamthrough the system this is not always

vi abl e. Renopval techniques based on the tendency of particles to 'shoot
past' the upper whieht cade emegioey thrpuwh dhebye iecdinodemragioar d stdhent um
have not generally succeeded, as the fixed upper electrode acts as a
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ge through the electrode region is the reverse
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char gi ng of partlgies by physical contact with the electrode, effectively
reversing the chargeya®d another difficulty exists in relation to the

electrosuspension of particles having a size of a few

microns. Particles of this size are often referred to

as micronised particles and as used herein this term

refers to particles having a size of less then 30um.

Hitherto, it has not been possible to effectively

generate an electrosqspénsion of many types of

micronised powders.

This has placed severe limitations on the practical

use of the electrosuspension process in areas such as

the pharmaceutical powders industry, in paint-pigments

manufacture and handling, in areas of medical technology

and the like where often ultrafine powders must be used

with particle sizes in the range of 2-5 um or léss.-

RISCLOSURE OF THE INVENTION

It is an object of this invention to provide an

apparatus for producing an electrosuspension of

particles which will overcome or at least ameliorate one

or more of the above disadvantages.

Accordingly, in one aspect this invention consists

in an apparatus for producing an electrosuspension of

particles comprising a container to receive said




therefpre the direction of force which the particles experience. Yet
another difficulty exists in relation_ tp the el ectrosuspension of particles
hawing a size of a few mcrons. Particles of this size are often referred
to as mcronised particles and as used herein this termrefers to particles

having a size gfatessléderat credst Htwdadlent idddie o s Reiasin bs@ido
effectively generate an el ectrosuspensi on of many types of m cronised

powders. This hasntdimer ferecthe Igenésdtivr ofh dhejyanticaielk: td t he
el ectrosuspensi on process in areas such as the pharnmaceutical powders

i ndustry, in pastapliskrsaidmisctresuspansinmdldhgledst anmmobisaidi cal
technol ogy and the |ike where often ultrafine powders nust be used wth
particle sizes $}PERECGeH RN Mopnked |fox Jokatiqy dur gsecigtede

I NVENTION It is,an OghSCt of this invention to provide an apparatus for
pr oduci ng an el¥t¥% Sion of particles which will overconme or at | east
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aspect this invention consl
apparatus for producing an electrosuspension of

micronised particles comprising a container to receive
said particles, at least two electrodes disposed within
said container for the generation of an electric field
to establish said electrosuspension, a first of said
electrodes, in use, being disposed in contact with a bed
of said particles and a second of said electrodes being
spaced apart from said bed of particulate material, and
electric field concentrating means connected with said
second electrode to generate ions and irradiate the
surface of said bed of particles with ions of opposite
polarity to said first electrode.

In a third aspect this invention provides a method
for producing a electrosuspension of micronised
particles comprising the steps of applying an electric
field transversly across a bed of said particles and a
region adjacent one surface thereof and irradiating said
one surface with ions of a polarity naturally propelled
toward said one surface by the electric field.

Preferably, in the second aspect of the invention

the second electrode is also mounted for rotation by



in, an apparatus for producing an el ectrosuspension of particles conprising
a container to receive said -5- particles, at least two el ectrodes

di sposed within said container for thé'géﬁération of an electric field to
establish said el ectrosuspension, at |east one of said el ectrodes being
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I nventi on consi an appar at us ucl ng an el ectTosuspensi on of

m croni sed partiglofe FONDY | Sdiée ik ¥UFA NP rd® JOCRINE SB kR dddmis, at
| east two el ectrodes disposed within said container for the generation of

an electric fielghd®tesdapl i sh said el ectrosuspension, a first of said

el ectrodes, in use, being disposed in contact wwth a bed of .said particles
and a second of said Eteid rfuskherripre femoat] tipat ttHe el ect tbddnnfnted
particulate material, and electric field concentrating nmeans connected with
sai d second el edigbdeotatiph@tt"catAatakinl ekeckrede” t an open

configuration to allow the particles to pass through or
across the electrode. 1In this respect, the electrode
can, for example, be of "mesh-like"” construction or have
a drum like configuration as shown in the accompanying
drawings. Alternatively, the electrode can be similar
to a2 fan comprising blades across which the particles
may pass.

Preferably the rotatable electrode(s) is/are
capable of angular speeds in excess of 1500 rpm while
being electrically charged to normal dispersing
potential, usually in the range 10 kV to 40 kv,

The rotétable electrode(s) can be charged to either
negative or positive polarity, or be operated at earth
potential. Pulsed charging and superimposed AC on DC
charging and/or operating the electrodes in a purely AC
mode are also possible.

Preferably at least one rotatable electrode is
positioned above the surface of a static bed of
particles to be suspended, with sufficient clearance to
prevent direct electrical contact with the bed. In one
embodiment the rotational axis is substantially parallel

to the bed surface but it will be appreciated that many



surface of said bed of particles with ions of opposite polarity to said
first electrode. In a third aspect this_invention provides a nethod for
produci ng a el ectrosuspensi on of mi cronf sed particles conprising the steps
of applying an electric field transversly across a bed of said particles

and a region aq%gﬁgn}?§ggéﬁﬁgéff§ngh§£§?$%%9€8'rradiating sai d one surface

with ions of a pr op td said one surface by the

electric field. Prefg*gpéymogg £ Of@ﬁgng°@§ggg§eo;1§%?r5@ge9§ion the

second el ectrode is So nount e rotation assocl ated drive

neans. The concepilféed) tReSe PirfBéabbarsoerr iscai hioroht csovit f6hed O
the second electrode. It is further preferred that the el ectrode nounted

for rotati on orspeedsatahdecditectione dasimnappesuivablgucanbimatdonl | ow t he
particles to pass through or across the electrode. In this respect, the
el ectrode thereof. ~

The rotating electrode can be constructed from any
suitable known material or combination of materials for
example, dielectric materials in combination with
metals. ;n some applications the materials are selected
to ensure a smooth operation in a dusty environment.

The electrosuspension apparatus according to the
inventiog has been found to provide the following
advantages:

i) The provision of a charged region of space,
through which particles are substantially free
to move;

ii) A substantial reduction in the tendency of
powders to form filaments during dispersion;

iii) A substantial reduction in ionization
discharge resulting from the attachment of
particles to the electrodes;

iv) The production of aerodynamic forces to propel
particles through the rotor;

v) The reduction of inter-electrode spacing;

In the case of micronised particles the apparatus

of the second aspect of this invention has been found to

allow the effective electrosuspension of particles not



can, for exanple, be of "nmesh-like" construction or have a drumlike
configuration as shown in the acconpanyigng drawi ngs. Alternatively, the

el ectrode can be.simlar to a fan conprising bl ades across which the
particles may pass. Preferably the rotatable el ectrode(s) is/are capable of
angul ar speeds icapabdes o fofele83Foswapensienbdnn@rébaecaritc dieivi celsar g&he o
normal dispersing potential, usually in the range 10 kV to 40 kV. The
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polarity, or be qQperated at earth potential. Pul sed _chargi,ng and
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bed surface but it WyHerde tHPPaHA%d RJINsTBRE of a 'stationary
electrode embedded in the bed of particulate material,
the usual mode of charging the particles is by
electronic conduction. The high electrical resistivity
due to contact resistances between the particles of ]
micronised powders prevents or hinders the charging of
particles by electron-conduction through the bed in
apparatus used to generate suspensions. Under normal
dispersing (electrosuspension) conditions, the
application of voltage to the electrodes results in the
charging.of surface particles by conduction of electrons
from the embedded electrode to the surface of the bed,
via the individual particle-contacts throughout the
bed. It is known that beds of particles consisting of
small dielectric particles exhibit a volume . resistance
increasingly determined by the number of contacts,
rather than the overall electrical resistance of the
‘particles themselves, especially as particles get
smaller, It is also known that contact resistance
between dielectric surfaces is non-ohmic, i.e. current

is not in proportion to the applied voltage. This is

further illustrated by the non-ohmic resistance of bulk



-7: other configurations are possible. Were nore than one rotatable
electrode is utilised, these can be operated at different rotational speeds
and*directions or in any suitable conbiBation thereof. The rotating

el ectrode can be constructed from any suitable known nmaterial or

conmbi nation of materials f xapml .dielectric material s,in conpinati on
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substantial reduction in ionization discharge resulting fromthe attachnent
of inter-particle contacts are known to multiply, which can
lead to volume resistivities well in excess of 10%?
ohm-cm for ultra-fine powder, thereby preventing the
continuous and regulgr passage of charge needed to
maintain a suspension.

It should be noted that there are some micronised
powders which do not exhibit the above properties. For
example a sample of free-running nickel powder,
consisting of 3-5 um spherical particles, was found to
disperse quite freely, while other more cohesive metal
powders show some reduced activity. Exceptions also
exist among ultrafine non-metal powders, such as
micronised pyridoxin hydrochloride, which does show some
dispersion after appropriate surface-treatment of the
powder, though particles tend to disperse as 30 um
agglomerates rather than individuals. Theoretically,
the ability to disperse a few ultrafine powders is
probably due to a presently little understood mechanism
which regulates the contact resistance between particles.

The essence of the second aspect of this invention
is to circumvent the conduction charging of particles
(made &ifficult by the high electrical resistance of a

powder bed) by providing an alternative or additional




particles to the electrodes; iv) The production of aerodynamc forces to
propel particles through the rotor; v) The reduction of inter-electrode

spacing; In the case of mcronised part#glés t he apparatus of the second
aspect of this invention has been found to allow the effective

el ect rosuspensi Gl a i | UPS #0lies doofk 2PRY! Fondl 8P IASHERENSH 0BE 1 1

prior art devices. The In y of prior art devices to successtully
create el ectrosusfEnsionszeEid@ny mcroni sed particles is thought to be a
consequence of the high electrical resistivity such particles exhibit in
bul k. Were the appariacis-omiszstionfig antealeotroyt &t brteffisctenbererd i n
the bed of particulate material, the usual node of charging the particles

i s by el ectroni ceresuntered imkidh gnottage rpragticsicthes thame to contact

resi stances between the particles of mcronised powders prevents or hinders
t he chargi ng of electrostatic precipitation, where it represents an

unwanted side effect which reduces the efficiency of the
precipitation process and is one to be eliminated as
much as possible.

Thus, according to the second aspect of this
invention, the particles may be charged by the secondary
ionization of air or gases within the particle bed,
which secondary ionization occurs in response to
spraying the bed with primary ions preferably produced
by a corona-discharge within the electrosuspension
container.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described, by way of
example only, with reference to the accompanying
drawings in which: |

Figure 1 is a schematic illustration of the
apparatus according to the first aspect of the invention:

Figure 2 is a schematic illustration of apparatus

similar to Figure 1 which includes the second aspect of

this invention.

MODES FOR CARRYING OUT THE INVENTION

Referring to Figure 1 there is shown an apparatus 1

for the electrosuspension of the particles which



particles by electron-conduction through the bed in apparatus used to
gener ate suspensions. Under nor mal digp?&sLng (el ectrosuspensi on)
conditions, the application of voltage {0 the electrodes results in the
charging of surface particles by conduction of electrons fromthe enbedded

el ectrode to the sarides & dlvcthasiie V2 anddisedddior Gudlatidn Walt@rigondmcet s
t hroughout the bed. It is known that beds of particles consisting of snal

di el ectric partiinss] exindidortairenres s e sdeems] igl@ctavdeylqy idetfdratedd by
t he nunber of contacts, rather than the overall electrical resistance of
the particles thehshkivethe dyypinmldf contpriner |2 dejow anddederof It is al so
known that contact resistance between diel ectric surfaces is non-ohmc,

i.e. current is PREtiskpptpRateriab Ine BTt tAREagdechTiofs 2 furt her
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| ndependent spaced conductors 6 extending substantially parallel to
and equally distant from a hollow cylindrical tube 7.
The conductors 6 are joined to respective disk shaped
end portions 8 secured to the tube 7. The rotatable
electrode 2 is mounted by shafts 9 and 10 above the
particle or powder bed 5. Shaft 9 is disposed within a
teflon bearing 11 about which the rotor rotates. The
assembly comprising the shaft 9 and bearing 11 is fixed
to a wall of container 3 by an insulating retaining ring
12. The outer end of the shaft 9 is surrounded by
further insulation 13 to form an electrical contact 1l4.
Shaft 10 is rotatably mounted within a further teflon
bearing 15 which is fixed to the side of container 3.
One end of shaft 10 is fixed by means of an insulating
bush 16 to the cylindrical centre tubé 7 of electrode

2. The other end of shaft 10 protrudes from container 3
and is fitted with a pulley 17. A belt 18 extends
between pulley 17 and a like pulley 19 on an electric
motor 20. In this way, the electric motor can be
energised to rotate electrode 2. Electrical connection
between shaft 9 and the electrode 2 is maintained by

means of a steel ball 21 disposed in a recess within a



constant determned only by the electrical properties of the material. Wth
decreasing sizes the nunber of inter-particle contacts are known to

mul-ti ply, which can lead to volunme resi dRiwvities well in excess of [err]
ohmcm for ultra-fine powder, thereby preventing the continuous and regul ar

passage of charge needed to maintain a suspension. It should be noted that
here are sone MAABIFEIRE RARKCn Wik PEHPYR Bhi bThethal bbbl e

pr operties. For e | e sanpl e of free-runni ni ckel powder,. consistin
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[err] aggl oner at@esnéaddhoridhaghdfwlivg duals. Theoretically, the ability to
di sperse a few ultrafine powders is probably due to a presently little

under st ood nmechani smps €sleendHt2S ife fitted (bétseéh ative Hef Voren
particles. The essence of the second aspect of this invention
bearings 11, 15 and the respective ends 8 of electrode 2

to exclude dust f£rom the bearing surfaces.

In use, an electrical potentional is applied
between electrodes 2 and 4 and electrode 2 is rotated by
means of a current supplied to electric motor 20. This
creates an electric field in the region between the two
electrodes and results in the generation of an
electrosuspension of the particles. Because the
electrode 2 has an open configuration and due to the
turbulence caused by the rotation the electrosuspension
rises into the area above the electrode 2. From this
area the suspension can be readily removed by any
suitable known means. In the embodiment shown in Figure
1 container 3 has an open top fitted with a grid 23 to
provide for the filtering out of any coarse particles in
the electrosuspension.

Referring to Figure 2 the arrangement illustrated
is generally the same as that described in relation to
Figure 1 above. For ease of understanding the same
reference numerals have been used to identify

corresponding parts. In the Figure 2 arrangement a




I s<to eircunvent the conduction charging of particles (made difficult by
the-high electrical resistance of a powder bed) by providing an alternative
or additional - 10 - mechanismthatl3eties upon the secondary phenomenon
of back-ionization. Back-ionization is an electrostatic effect rarely

encountered in high voltage practice other than electrostati.c,
precipitation, ‘WH&EEF i°cft r"gﬁ’gé“é‘rﬁeé &t Lﬂf\ﬁaﬁmestird&aéflfye(ﬁ“\bﬁ‘ileﬁetdeduces
the efficiency qf .t recipitati r dJs e.to.h l,i m nated as
much as possi bla&ouﬁﬁtskf,)e efcec%rpgllaer#d'o '?’ ofoter(}(eé%?%@gn%d 2|a‘sp Chofm'ttﬁel 4 nventi on,
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within the par . . “secondary 1onization occurs in response to
spraying the beghavid widmies iatnd 4y Jeaitalel bypmedne O porcelain

corona-di scharge within the el ectrosuspensi on cont ai ner.
bead 25. Additionally, the Figure 2 arrangement
includes a solid semi-conducting layer 26 covering
electrode 4.

The apparatus of Figure 2 is particularly designed
for use with micronised particles which do not under
normal circumstances readily form an electrodispersion.
The operation cof the device is generally similar as that
described above in that a potential is applied between
the electrodes and electrode 2 is rotated at a
relatively high speed by motor 20. The thin wires 24
attached to electrode 2 extend outwardly under the
action of centrifugal force and act as field
concentrators to produce a corona-discharge. This
results in an ionization of the air or other gas within
the container 3. Such corona-ionization is an effect
well known to those familiar with electrostatics and has
wide application in areas such as Electrostatic
Precipitation, where it is usually produced by a static
pair of electrodes using a point/plane or thin
wire/plane construction. With the present invention,
the ions are generated by the rapidly rotating positive
electrode 2. The resulting negative ions are

immediately re-absorbed by the electrode, whilst



BRI EF BDESCRI PTI ON OF THE DRAW NGS The invention will now be described, by
way-of exanple only, with reference to the acconpanying draw ngs in which:
Figure 1 is a schematic illustration of Yhe apparatus according to the
first aspeet of the invention; Figure 2 is a schematic illustration of
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s shown an appapgbdscielos, e gl eebhoeuspeathop-ohelbecPaELEbLetosnarl
i ncl udes an el ectrode nounted tfor rotatiron wthin an 1 nsulating contal ner

3. A second el ecayoéaeéla@esoaghkﬂﬂcwfbbbestee WRIERMERE £08EEEH&E 3B betew a
bed of particulate material 5. The rotatable el ectrode 2 conprises a drum

li ke rotor fornedibg.ci Dognterehei nigh epeceticobduesDssaficexdenthagbed

substantially parallel to and equally distant froma hollow cylindrical

t ube 7. 5, these ions do not immediately dissipate but form a
positive charge-layer on the surface of the bed 5, the
underside of which is at the opposite potential, caused
by electrical contact with the lower electrode 4,26. 1In
turn, this gives rise to a high potential drop across
the particle bed 5 causing the ionization of air with{n_
the interstitial space between particles. This is
usually termed back-ionization and is a known secondary
effect by which ions of both signs are produced, one
being rapidly absorbed by the electrode, while the other
is driven upward through the particles and is absorbed
by the pgrticles which thus become charged. Using the
above proposed polarity configuration, these are
negative ions, i.e., electron§, resulting in the
immediate dispersion of the particles, which forms a
cloud of suspended particles above the bed 5.

An optional feature of the invention is the
provision of means for adjusting the electrical
potential across the particle bed. This may be achieved
by adjustable vertical positioning of the upper
electrode, which allows bed-thickness to be varied as
required as schematically illustrated in Fig. 2 at 27.

This can also be achieved using an appropriate



The cohductors 6 are joined to respective disk shaped end portions 8

secured to the tube 7. The rotatable electrode 2 is nounted by shafts 9 and -
10 -above the particle or powder bed 5. ¥hatt 9is di sposed within a teflon
bearing 11 about which the rotor rotates. The assenbly conprising the shaft
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contai ner 3. Ongogpslcefcahabé AlabSwikkeendylsRerSe PécePoaasul g1ing bush 16
to the cylindrical centre tube 7 of electrode 2. The other end of shaft 10

protrudes frommbssamaech3ofintlesistahtes between pthé eintérelebet$dds
extends between pulley 17 and a like pulley 19 on an electric notor 20. In
this way, the espaceiandpthe tavepeofnprgtielies cantresudteénreitither of

El ectrical connection_between shaft 9 and the_electrode 2_is maintalned by
means of a steeth@afPliawingbwajupyanted eerdifions: o (1) insufficient

potential difference across the bed to give rise to
secondary ionization and (2) the potential difference
across the bed is too high relative to the
interelectrode voltage, so that when the potential
across the bed is suddenly added to the former as
charges begin to flow, then the combined potential
exceeds the sparking voltagé for the system, causing
electrical sparks and discharges in place of the
continuous secondary ionization which is required.

By way of illustration of the invention the
following experiment has been performed. 1In an
apparétus as described with reference to Figure 1 an
electrosuspension was generated using 100gm of dry KCl
(containing 0.05% free flow agent additive) by applying
25,000 volts to the rotationable electrode positioned
30mm above the powder bed. The rotor was 45mm diameter
and 60mm long. The density of the electrosuspension was
monitored by using a transmitted He-Ne Laser beam and by
measuring the attenuation of the beam through the cloud
with a Laser Power Meter. Operation of the rotor at

1400 r.p.m. caused a drop of over 40% in the transmitted



- 12 - «conducting portion 16A of bush 16. The ball 21 effectively provides
a bearing between the stationary end_ofgshaft 9 and the bush portion 16A
whi I'st the insulating renmai nder of bush 16 prevents electrical contact with
shaft 10. Dust sleeves 22 are fitted between the teflon bearings 11, 15 and

the respective s ihtansdltectfrade thd Gnitdalde .@umiv meauirldd keah ke
surfaces. In use, an electrical potentional is applied between el ectrodes 2

and 4 and el ectrodmber Statiogtaaiyed [Bhiedriicfatescer contsideppbiled to el ectric
motor 20. This creates an electric field in the regi on between the two
el ectrodes and ingxfiase iip tthe ganaihy of dheasuspensioduspensi on of the

particles. Because the electrode 2 has_an open_configuration and due to the
t ur bul ence caused by the roLEPH§IE$AE—é35B$£6§LB5§$sion rises into the area
above the electrodevs%i From t.hi s, area the usg&psion can, be readily renoved

by any suitable kno ﬁnﬁﬁﬁﬁpyﬁ1§9ﬁa¥ﬁﬁﬁ%ﬂ G AVERER G 851 8nt ai ner
3 has an Ope”‘ﬁ%%édé%&ﬁ’éMJéLéiéHdéhé§%Jéica1 powders for controlling

the release rate of the active ingredient through a
semi-permeable membrane covering each particle. The
electrosuspension of particles is well suited for the
continuous production of such surface-treated powders,
as the particles are separate from each other and in
continuous agitation while in dispersion, thus allowing
the coating to be applied by a suitable technique, e.g:
by spraying them with fast-drying serosol. The main
difficulty, however, is to produce satisfactory
electrosuspensions, since many pharmaceutical substances
contain easily polarized crystals which tend to form
filaments under the action of the electric field.

Often, these substances are also quite hygroscoéic which
further exacerbates the problem, resulting in extremely
poor and uneven dispersions that usually decrease with
time, until the process stops. By using the épparatus
of the present invention, this problem has been sharply
reduced and a dense cloud of suspended substance can be
maintained, sufficient for most electrosuspension
coating applications.

Another example for applying the present invention



provide for the filtering out of any coarse particles in the

el ectrosuspension. Referring to Figure ; the arrangenent illustrated is
germerally the sanme as that descri bed i& relation to Figure 1 above. For
ease of understanding the sanme reference nunerals have been used to

i dentify correspondi nghdaitda df dHP FigBY nakrid ANGRIEYY £ usuall -
nunber of thin wires 24 are symmetrically positioned about the periphery of

el ectrode 2. Eafdrmeéd eby4tio!mivise s Cofitl £l o/ thig\eind i viedwat papeaf t he

el ectrode and is weighted at its centre by neans of a porcelain bead 25.
Addi tional |y, tfibFesguterginattinenenern i tosaked wosbipul mertin dardect i ng

| ayer 26 covering electrode 4. The apparatus of Figure 2 is particularly
desi gned for useat® tf WaEShi and pelevinethmi Eibers i sakieke Fot fal

circunstances readily form an el ectrodi spersion. The qgeration(ﬁ ghe
device is genersdH’i/a%Jr?ri? stxafen,ie.g: a8 moving wire-mesh strip, from

where the paper is removed and dried. 1In view of the
large quantities of water which must be hanﬁled
(typically 1/2 ton of water for 2kgs of paper), a
technique which would allow the dry separation and
floating of fibres is likely to have important economic
significance. The electrostatic suspension of cellulose
dust is one such possible technique, but due to the
earlier mentioned tendency of fibrous dust to form long
chains and filaments when subjected't a high voltage
field, cannot be used in practice. By using the
apparatus of the present invention, a suspension of
fibrous dust can be maintained as a result of the
mechanical disruption of the filament-forming process by
the rotatable electrode, thereby eliminating the problem
with adapting this technique to dry paper-making.

A further example for the use of the present
invention is in coating of solids. For instance, the
invention makes it possible to produce electrostatically
coated abrasive, such as belts, disks and paper to which
fine silicon carbide, emery, etc., is glued using
grit-sizes much finer than presently possible. It also

becomes possible to ‘weld' ceramics to metal by



described above in that a potential is applied between the el ectrodes and
electrode 2 is rotated at a relatively high speed by notor 20. The thin
W r.es 24 attached to el ectrode 2 extend ldutwardly under the action of
centrifugal force and act as field concentrators to produce a
corona-di scharge, This resuligﬁ%nﬁan lonizatfiop of the ajir or _other_gas

0

within the cont a&f$RPS3LIRG WY ohiBRORPIAPIOICPEt PRt BERERE I PERADWN t O
th fam i ith t t] . i licatj i h
Ry eur T ost ot i CEHPEEEET ABPAR AER AR Pnd! S8 PERS GBI LRD McALEEPLPLS

. ¢ lectrod ! . Chi ey .
Bt h Che prosens TREy8 Boat SEpOELEyGEaths, O LhAE &1 P0Ee"OTRELIRG OO

positive el ectr OEIEeZ?:Ihﬁs rRay| beNgcheEdka Vot RNEo 2t Re | MBRHL2EEEFace and
re-absorbed by the electrode, whil st - 14 - positive ions are sprayed

onto the surfacetofestr pehércl eThé, baadingecsfll tepémbbectoomeslcis an
attraction and
important technological problem occurring in modern
automotive engineering as well as in aviation and the
space industry and has not yet been solved in an
economically viable manner.

Another example for the use of the invention is for
producing aerosols of ultrafine medically active
substances, such as salbutamol sulphate, pentamadin and
steroids, suitable for the treatment of various forms of
asthma, aids, etc., by directly inhaling them into the
lungs. Present inhalers of dry ultrafine powders in the
1-3 uym size range typically based on compressed CFC
delivery of Ehe dust, for which breathing must be
co-ordinated with the bursts of powder generated by the
device. In most cases, this is a difficult requirement,
especially for children. Devices which rely on a
suction generated when the patient inhales deeply are
also known. However, deep inhalation can be difficult
or impossible for an asthmatic and these devices are
therefore of limited@ use. It has been found, the
present invention has the capacity for overcoming the
problem, as demonstrated for salbutamol sulphate which

was dispersed from an apparatus, as shown in Figure 2,



by .t he :aerodynam c forces to which the electrode 2 gives rise. Due to the
hi gh el ectrical resistance of the bed-539these ions do not inmediately

di ssipate but forma positive charge-layer on the surface of the bed 5, the
undersi de of which is at the opposite potential, caused by electrical
contact with theroduering ectslesel ¥, Didingn cllond, offhiud tgiafdner ipowdiexr a hi gh
potential drop across the particle bed 5 causing the ionization of air

wi thin the intewhiich mayhe dnhaled by dreathding neirmaldusual |y termed
back-i om zation and is a known seconda% effect by which ions of both signs

are produced, one bendUEHheR PXARRHLEPhFhenase oft todS imvendicRe 18t her
is driven upward through the partjcles and is absorbed the particles
whi ch thus Eecoﬁ'él gﬁgﬁ’S@d.n%%ﬁéa&e' éfepﬁ?%&éé’& dl %’I tcyaé:gmgl é&Fati on,
t hese are negat | j j . t resWat:i i s i gt.e

di s;s)er si on 019 t \é%ﬁigg{lfsﬁdesétﬁnlﬂc%f%%z tgecﬁg‘gévggu?:}syé%&g pglr tglkd es

above the bed 5. jpQpt ifyals drealdifch ofs e ol WCRLLATNES pbliBelr, 0¥pSi on_of

means for adjusting the electrical potential across the particle bed. This

may be achi evedway cidjtifd il rotlddd P aitdTilleisOdand s&fi ik @ueDRR natural
adhesion forces. The technigue could be used to replace
present less economical methods for manufacturing such
surface-active catalysts, where the active material is

spread over the carrier grains by precipitating them

from a liquid.



el ectrode, which allows bed-thickness to be varied as required as
schematically illustrated in Fig. 2 at ,47._ This can al so be achi eved usi ng

an appropriate -15- semi - conductor Substrate fo |llustrated
at 26 in Fig.2 is provided, through which el ectri:cH!meﬂ@umum made
with the | ower @ltugode. A m ss-match of resistanc 0 .

i nterel ectrode space and the layer of particles can result in either of the
following two unwantkg oppaititwsnstor (dodicingi sheolePoictispénslidh esence
across the bed to give rise to secondary ionization and (2) the potenti al

di fference acrosartielésdcompriming gb cantainertbot heceiversdtt r ode

vol tage, so that when the potential across the bed is suddenly added to the
former as char RErHEQles: 03k | IR@st hewp (atecornofesddpiresed i thinetizid he
sparking voltage for,the system causing, el ectrical_sparks and di scharges

in place of theEWHRIBRHUEST M RRTLTIR O PHNNPEICFRIG chR IR O

establish said electrosuspension, at least one of said
electrodes being moﬁnted for rotation by associated
drive means.

2, An apparatus for producing an electrosuspension of
micronised particles comprising a container to receive'_
said particles, at least two electrodes disposed within
said container for the generation of an electric field
to establish said electrosuspension, a first of said
electrodes, in use, being disposed in contact with a bed
of said particles and a second of said electrodes being
spaced agart from said bed of particles and electric
field concentrating means connected with said second
electrode to generate ions and irradiate the surfaée of
said bed of particles with ions of opposite polarity to
said first electrode.

3. An apparatus as claimed in claim 2 wherein said
concentrating means comprise thin wires attached to said
second electrode.

4. An apparatus as claimed in claim 2 or claim 3
wherein said second electrode is mounted for rotation by

associated drive means.

5. An apparatus as claimed in claim 1 or claim 4

This Sheet Has Been Re{ilaced
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By.way /of illustration of the invention the foll ow s been
performed. In an apparatus as describegiwith refere m’m %’m h Bmﬁ

el ectrosuspensi on was generated using 100gm of dry 05%
free flow agent additive) by applying 25,000 volts to the rotatlonable

el ectrode posi whered n3@andaledes titvd e avalart dde do rThe trattion s 4nmopdEmnet er
and 60mm | ong. The density of the el ectrosuspensi on was nonitored by using
a transnitted kenfdguresdiaedo @idaw fandhe PpPssageafenaid on of the beam
through the cloud with a Laser Power Meter. Operation of the rotor at 1400

.p.m caused @Lﬁqﬁ§Qﬂu&ﬂR§5Lﬁﬁ%Qﬁ1R¢ﬁ$#4k§%nntted - 16 - beam
|ntenS|ty fromthe initial sured with the rotor statlonary Thi s
i ndi cates a corfsi detﬁbl@ﬂalﬁ,arté‘iseaﬁ FiPefe il QLG he
| NDUSTRI AL APPLI I ITY oV, ign is in
produci ng coat ec} é‘% &l ersl=£ féébri‘ﬂ%n‘lt &ﬁ%?;ngt%rmede%ty ¥

pluralzty of cxrcumferentzally spaced conductors
extending substantially parallel to and equidistant from
an axis of rotation.

7. An apparatus as claimed in claim 1 or claim 4
wherein said electrode mounted for rotation is driven at
speeds greater than 1500 r.p.m.

8. An apparatus as claimed in claim 1 wherein, in use,
one electrode is disposed in contact with a bed of said
particles and said electrode mounted for rotatioﬁ is
disposed adjacent said bed of particles.

9. An apparatus as claimed in claim 4 or claim 8
wherein said container includes an opening on the side
of said electrode mounted for rotation remote from said
bed of particles to provide for extraction of said
electrosuspension of particles.

10. An apparatus as claimed in claim 4 or claim 8 or
claim 9 wherein the axis of rotation of said electrode
mounted for rotation is substantially parallel to the
surface of said bed of particles.

11. An apparatus as claimed in any one of claims 1 to
10 further comprising means to adjust the electrical

resistance between said electrodes.

This Sheet Has Been Replaced
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1)

the release rate of the active ingredient through a ' rane
covering each particle. The el ect rosu§pﬁ15_i on of param]l\@ﬁﬂiiﬂ%!ﬁ!,mr?ed
for the continuous production of such slrface-treatedpowdeLs, s dSs

particles are separate fromeach other and in continuous agitation while in

di spersion, thugsall gy BgpkR8te9abisN¢1dmed 3APL1admbY 1awpeiredhl said
technique, e.g: by spraying themw th fast-drying aerosol. The main

difficulty, howeyeetrigallorpefdtancealiisshagusterdebeciragyingeraeospacingce
many pharmaceuti cal substances contain easily polarized crystals which tend
to formfil amenbetueder stlid edectmodiest.he electric field. Oten, these
substances are also quite hygroscopic which further exacerbates the

probl em resultBg | AnerppegBLyspes: cdndmededancdedperdi yhereAnt saddal |y

decrease with tinge, until the process stops. By _.using.the apparatys of the
present inventi BhECERES2Y, EEFERERRS SN 38AUSHES Kdgegduéﬁd°g 8eﬁ§¥e5loud

ol cotrosuspensi Bh 380 RgRARET PR RoRE  SAn S8 PSR AR PR PSR R 8BR Py ¢ he
present inventiglig electrodes and said particles.
14. A method for producing a electrosuspension of
micronised particles comprising the steps of applying an
electric field transversly across a bed of said
particles and a region adjacent one surface thereof and
irradiating said one surface with ions of a polarity
naturally propelled toward said one surface by the
electric field.
15. A method as claimed in claim 14 wherein said
electric field is generated by electrodes respectively .
disposed on transversly opposite sides of said bed.
16. A method as claimed in claim 15 wherein said ions
are generated by concentration of the electric field
associated with an electrode disposed adjacent said one

surface.

This Sheet Has Been Rerlaced
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- 17 - 4s in the area of dry paper-nﬁkﬁﬁbf'Paper I's usually fornmed by the
process of floating i nAPRARATES FORPRODIC INCCELECTROSISFRNS oSl r om tr eat ed
wood- pul p) in large vats of water a@hﬁ&ﬂ&g?ng The TTHhres to settle on a
sui tabl e substrate, e.g: a noving wire-nmesh strip, fromwhere the paper is
rempved and dri ed. Innvaswa%thgefbargsoauaﬂhgtaﬁSepécwbsﬁspbnehoww be
handl ed (typically 1/2 ton of water for 2kgs of paper), a technique which
woul d al I ow t hepglfyicresl at Anoa8daspecti thecdppabatasi sompkdkpst anhave

I nportant econom c significance. The el ectrostatic suspension of cellul ose
dust is one sucinsgwiaztihg tenbainee, fhttedueitb twe spatedr apamti oned
tendency of fibrous dust to fornllong chains and_filaments when subjected t
a hi gh vol t age ¢lectrodesnbetweenswhich prhtghceleghrigphgprokensdgdr dsus of
t he present inventjon suspensi on of fibrous_dust cannge nalntalned as a
result of the n%%ﬂ%h?éal AtstepetoAnsr of nEhe pAREREOREE 1L AgMERBLESs I0F t he

rotatabl e eleCtrOdeﬁxogegbenengnggteg egecgrgc mgkor. The electrode

mounted for rotation preferably has a drumllike
configutation formed by a plurality of circumferentially
'spaced apart conductors. 1In a second aspect the
invention provides an apparatus for producing an
electrosuspension of micronised particles. The
apparatus also comprises a container fitted with two
spaced apart electrodes between which a high electrical
potential is applied. 1In use one of the el?ctrodes is
in contact with a bed of particles and a second
electrode is spaced above the particles. Field
concentrating conductors are connected with the second
electrode to generate ions and irradiate the surface of
the particulate material ﬁith ions of opposite polarity

to the first electrode.

This Sheet Has Been R laced
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wi th adapting this technique to dry paper-making. A further exanple for the
use of the present invention is in coating of solids. For instance, the

i nvention makes it possible to producejgpectrostatically coated abrasive,
such as belts, disks and paper to which fine silicon carbide, enery, etc.,
I's glued using grit-sizes nuch finer than presently possible. It also
becones possible to "weld' ceramics to netal by depositing ultra-fine
ceram c dust on a heated netal surface, which mnimses the cooling of the
surface by |large heat capacity grains, so that direct sintering of the
grains may be achieved both to the netal surface and to each other. The
bondi ng of ceramics to netal is an inportant technol ogi cal problem
occurring in nodern autonotive engineering as well as in aviation and the
space industry and has not yet been solved in an econom cally viable
manner. Anot her exanple for the use of the invention is for producing
aerosols of ultrafine nedically active
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supst apces, such as sal butanol sul phate, pentamadin and stefoids, suitable
for-the treatnment of various forns of asthma, aids, etc., by directly

i nhaling theminto the lungs. Present inhalers of dry ultrafine powders in
the 1-3 [err] size range typically based gpyconpressed CFC delivery of the
dust, for which breathing nust be co-ordinated with the bursts of powder
generated by the device. In nost cases, this is a difficult requirenent,
especially for children. Devices which rely on a suction generated when the
pat’i ent” i nhal es deeply are al so known. However, deep inhalation can be
difficult or inpossible for an asthmatic and these devices are therefore of
limted use. It has been found, the present invention has the capacity for
overcom ng the problem as denonstrated for sal butanol sul phate which was
di spersed from an apparatus, as shown in Figure 2, - 19 - producing a
slowy rising cloud of ultrafine powder which may be inhal ed by breathing
normal | y.
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fezwovi-3 -
A further exanple for the use of this invention is in making new
surface-active catalysts, by coating the m cronised catal yst onto the
i ndi vidual grains of an 'inert' carrier, such as a 30 [err] alum na powder
to which the mcronised particles ca StICk due to natural adhesion forces.
The techni que could be used to repra§@ present |ess econom cal nethods.for
manuf act uring such spPRRCRISABOR \FRODBE BGY ELECTROBESFEENSIGNSact i ve material is

spread over the carrier grai ns by dating tnemfroma |iquid. THE
CLAI M5 DEFI NI NG THE | NVENTI ON ARE 1. An apparatus for

produci ng an 3|ec&ﬁpﬁﬂﬁﬂ£ﬂ§é@§ gbrbebanksad Bar kilekesosargydrss hignaof
container to receive said particles, at |east two el ectrodes di sposed

within said eqntdidieds f orin hengeagpatiorhef agpaglkeisr icontprifes| ant o

establish said el ectrosuspension, a first of said electrodes, in use, being

di sposed i n gentudcitnid hcanbefinet €dicdedamtittl éwcasdacsbcprbf said

el ectrodes belng spaced apart from said bed of particles ‘and s
electrodes between which a high electrical potential 1s

el

applied. At least one of the electrod®s is mounted for
rotation.by an associated electric motor. The electrode
mounted for rotation preferably has a drum_like
configuration formed by a plurality of circumferentially
'.spabaa_apart conductors. In a second aspect the
invention provides an apparatus for producing an
electrosuspension of micronised particles. The
apparatus alsc comprises a container fitted with two
spaced apart electrodes between which a high eleckrical
potential is applied. 1In use one of thé electrodes is
in contact with a bed of particles and a second
elecééode is spaced above the particles. Field
concentrating conductors are connected with the second
electrode to generate ions and irradiate the surface of
the particulate material with ions of opposite pelarity

to the first electrode.

Figure 1 REPLACEMENT SHEET
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. Wou7e-3
electric field concentrating neans connected with said |10 second
el ectrode to generate ions of opposite polarity to said first el ectrode and
irradiate the surface of said bed of particles with said ions. 2. An
apparatus as clainmed in claim1 whergi,n_said concentrating nmeans conprise
thin wires attached to said is second el ectrode. 3. An apparatus. as
clained in clai'ml SPPARATIUS PORMPEOBICINGAEECIROSUSPEREBS ode is nount ed for
hi gh speed rotation by associ at ed pdfgpracreans. 4. An apparatus as
clainmed in claim4 wherein said 28 el'ectrode nounted for rotation has an
open confi.gurati oant @pdrdHreéheppagsedfgodnsal dcelrestysasispiensi off of
particles. 5. An apparatus as clained in claim4 wherein said el ectrode
has a drum | pketédoikisgur diri asné oaspdcbythe25ppapktnal coppafises an
circunferentially spaced conductors extending substantially parallel to and
equi di stant fnemiafimg swftabnari fhtted with two spaced apart

electrodes between which a high electrical potential is
applied. At least one of the electrod&s is mounted for
rotation by an associated electric motor. The electrode
mounted for rotation preferably has a drum like
,conf*éuration formed by a plurality of circumferentially

'_suaced apart conductors. 1In a second aspect the
invention provides an apparatus for producing an .
electrosuspension of micronised particles. The
apparatus also comprises a container fitted with two
spaced apart electrodes between which a high electrical
potential is applied. 1In use one of thé eiéctrodes is
in contact with a bed of particles and:a secaond

» .
electrode is spaced above the particles. Field

-

concentrating conductors are connected with the second
electrode to generate ions and irradiate the surface of

the particulate material with ions of opposite polarity

to the first electrode.
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[err] - 21 - 6. An apparatus as |

r

H (R

claim4 wherein d el ectrode nounted for
driven at speed rlmml“ualllu HM”IHOO r.p.m 7. An appar at us
claim3 wherein gai @ 5t Torstarner inclagles an opening on the sjd
el ectrode nmounted for rotation renote-fromsaid bed of partic
for extracti ol CLAIMS|DRRFININGJTHE DNVENTTON tARE oS BOLLOWS
as clainmed in claim3 wherein the 10 axis of rotation of said el ectrode

[falmed 1 n

afz 486 -

o] prOV|de

nounted for rcotation }3 IVPATIERS FPY Bﬁ?dﬂfmgt@ t¢lectreSuspefissand Ded
of particles. g hgs&garatus s clainmed {n any one of clains 1 to 8

further conprisi n'&"ﬁﬁ%’ BATTAEiE ﬁecﬁf‘g‘t’}ﬂ"&%la 1$PBERIRET: BAce bet ween
said el ectrod a 9.wherein said
el ectrical reg?%?%%g% f%fgd?€€€%§i§§ v% yigég?ﬁghgﬁ%%?%g}%%?ﬁegﬁsgﬁ?ad
SR | erienidnsRPROLOhERIASE CEBE TEle edtfllldn \DET ShieRRLE S0

el ectrical resistance is adjuste e use?d ayer of “sem -conduct or
material isterppaed bet é@@ﬂb?i‘?h%az.d electrosuspension, a first of

said electrodes, in use, being disposed in contact with
a bed of said particles and a second of said electrodes
being spaced apart from said bed of particles and
electric field concentrating means connected with said
10 second electrode to generate ions of opposite polarity
to said first elect;ode and irradiate the surface of

said bed of particles with said ions.

2, An apparatus as claimed in claim 1 wherein said

concentrating means comprise thin wires attached to said
1s second electrode.

3, An apparatus as claimed in claim 1 or claim 2

wherein said second electrode is mounted for high speed

rotation by associated drive means,

4. An apparatus as claimed in claim 4 wherein said
20

electrode mounted for rotation has an open configuration
to allow for the passage of said electrosuspension of
particles.

5. An apparatus as claimea in claim 4 wherein said
electrode has a drum like configuration formed by a

25 plurality of circumferentially spaced conductors
extending substantially parallel to and equidistant from

an axis of rotation.
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sai d- el ectrodes and said particles. A met had 1REPMGBLMT9SEEEET

el ect rosuspensi on lﬁﬂ& tlcles conprisingjthes
di sposing a bed Oiﬂ mgﬁl Hiﬂn a contai ner includi a d a
second el ectrode ¥8aid first and secpn 2?@?“&%3%@

respectively in contact with and renote f¥@n said bef

- for producing said el ectrosuspension; concentrating said electric fijeld
wher eby said secon® eIectﬁﬁdéﬂﬁﬁﬁ@ﬂaﬁbgslGﬁslwﬁdopp i '

first el ectrode; anq irradjating sajd bed wwth said ions.

10

15

20

25

ectrode mounted for rotation is driven at speeds

greater than 1500 r.p.m.

7. An apparatus as claimed in claim 3 wherein said
container includes an opening on the side of said
electraode mounted for rotation remote from said bed of
particles to provide for extraction of said

electrosuspension of particles.

8. An apparatus as claimed in claim 3 wherein the
axis of rotation of said electrode mounted for rotation
is substantially parallel to the surface of said bed of
particles.
9. An apparatus as claimed in any one of claims 1 te
8 further comprising means to adjust the electrical
resistance between said electrodes.
10. An apparatus as claimed in claim 9 wherein said
electrical resistance is adjusted by varying the spacing
between said electrodes.
11. An apparatus as claimed in claim 9 wherein said
electrical resistance is adjusted by the use of a layer
of semi-conductor material interposed between one of
said electrodes and said particles.
12. A method for producing an electrosuspension of
micronised particles comprising the steps of:

disposing a bed of said particles in a container
including a first and a second electrode wherein, in
use, said first and second eleﬁcrodes are respectively

in contact with and remote from said bed of particles
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for producing sail electrosuspension;
concentrating said electric field whereby said
gecond electrode generates ions of opposite polarity to

said first electrode; and

irradiating said bed with said icns.
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