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CHARGED PARTI CLES The prieséent invention relates to a process
for 5  the preparation of electrostatigally charged particles and,
in particular, to the preparation of el ectrostatically pre-charged
powders of high electrical resistivity such as powder paint,

househol d cl eaning partjcles and charged particles for 10

bi omedi cal applications. £ Electrostatlc coatlng technlques are
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applications. are_two_known processes for electro-
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Electrostatic coating techniques are increasingly
used in commercial applications where durable, high
quality, finishes are fequired. Electrostatic coating
techniques involve the application, usually by

15 spraying, of electrostatically charged particies,
which preferably are pigmented, onto a substrate,
generally but not exclusively a metal substrate,
followed by baking to form a uniform and adherent
coating. The electrical charge of the pigment-

20 containing paintlparticles'causes the attractibn of

" the particles onto the substrate and holds them in
place until the heat treatment is applied.
Electrostatic coating tedhniques are used almost
exclusively ih the domestic white-goods market, and

25 increasingly in the automobile industry. Less well
known areas of application include the furnishing
industry and bottle coating applications.

There are two known'prdcesses for electro-
statically charging paint particles which are by

30 corona charging or by tribo or frictional effects.
Both of these techniques are known to be 1neff1c1ent
and extremely unpredictable. The important process of .
charging the powder is the responsibility of the end
‘user and is usually accomplished by means of

35 commercially available equipment.



30 corona charging or by tribo or frictional effects. - Both of

t hese tegﬁg%ﬂMS are known to be inefficient - and extrenel y '

unpr edi ct a e inportant process of char gi ng t hePEHRBRIOI322  he
responsibility of the end user and is usually acconplished by neans

of 35 commerci ally avail abl e equi pirent- WO 96/ 01285 '
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corona chargi ng process relles on the creation of a high charge
density uni pol ar |on|c - cloud, the ions of which subsequently attach
onto the - outer..surface of: dlscreet ‘particles which are 5 di spersed -

into an airborne cl G'EPG cWﬁﬂ%&hﬁrgm yprocess ke @wtdieal | the

charged ions begea®ian azhed High chard&eie’vhéiw Neh i 1d:C! &nid he remaining
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art processes suffer fr,om the disadvant a t hat the charglng of the
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10 Tribo or frictional charglng of partlcles is

unpredlctable and the charglng process is sen51t1ve to
a number of parameters including the nature of the
materlals used, relatlve humldlty, duratlon of
contact relatlve perm1tt1v1ty, surface condltlons,
. 15 the type of contact and possibly electrical
res1st1v1ty. ' _. |
_ Accordlngly, the prlor art processes suffer from
the dlsadvantage that the charglng of the partlcles
_ relles upon surface mechanlsm and the charglng process
20 is generally under the control of the end user who
will have very little control over the level of charge
deposited onto 1nd1v1dua1 partlcles o
We have now developed a more reproducxble process
for charglng powder particles whlch overcomes the
25 disadvantages of the prlor art.
Accordlngly, the present 1nvent10n prov1des
a process for the preparatlon of electrostatlcally
charged partlcles of a high re51st1v1ty material which
process comprlses 1ncorporat1ng a unlpolar charge into -
30 . the material at a temperature at or above the glass
tran51tlon temperature thereof or above the melting
point thereof the sa1d unlpolar charge being
lncorporated 1nto the bulk of the mater1a1 and the
charged material belng subsequently commlnuted or the
35 said charge belng 1ncorporated into the materlal



will have ver I|ttIe control over the level of charge deposited onto
i ndi vi dualW é% W have now devel oped a noF&€T 9872 bl e
process for charging powder- particl es which overcones the 25

di sadvant ages of the prior art. - JAccordingly, the present

I nvention provides a process for the preparation of electrostatically
charged particles of a high resistivity material- which process
conprises incorporating a unipolar charge into 30 the material at a
tenperature at or above the gl ass transition tenperature thereof or
above the neltinghilstrﬂbnﬁiﬂdﬁp&ﬁﬁiclésathéanﬁupolar charge being

I ncorporated into theAEyI 'aI
bei ng subsequently conm nu , char e|n |ncorporated
into the materialglass %m/@mazemperature ls used to deflne the

PCT/ GB95/ 01372 temperature at which an amorphoué*materlal s |5
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tenperature at w@hﬂsumtesﬁxmmmus material, such as a 5 polyner or
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The process of .the present I on nmay ed e| her by the
i ncorporation of efifeatedsidher by ﬁﬂﬁukﬁ?quQrQQkpnnﬂﬁwﬂhﬂ ynipalar
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whi | st t he naterlal .S at or ‘ﬁ{ve its gl ass transrtlo
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the material is at or above its glass transition
temperature or above its melting point. The unipolar
charge may be incorporated into the bulk of the
material and particles thereof subsequently formed by

15 'commlnutlon, for example by grinding. During the
comminution process the material will retain its
charge which is effectively locked into the material.
Alternatively, the unipolar charge may be incorporated
into the material during the formation of particles

20 thereof, for example:by extrusion through a nozzle of
predetermined aperture. The particles produced in
accordance with the present invention may be
positively or negatively'charged, as desired.

Examples of materials which may be charged

25 according to the process of the pfesent invention are
polymeric materials such as polyethylene or
epoxy/polyester; or wax materlals such as a synthetlc
paraffin wax or a natural wax, for example Carnauba
wax. _ _

30 j The charged particles produced in accordance with
the process of the present invention preferably have a
particle size inlthe range of from 10 to 300um more
preferably in the range of from 10 to 40um.

The process of the present invention may be used

35 to produce electrostatically charged particles of a



charge may be incorporated into the bul k of fhe mat eri al and

articl f subsequently fornmed by 15 commi nution, for exanple by
ISrl ndi ng Fﬁ#zﬁgg t he conmi nution process the mater POT/GRISIOIFTRt aj n
its charge which is effectively locked into the material.

Al ternatively, the unipolar charge .may4be incorporated into the
material during the formation of particles 20 - thereof, for exanple by
extrusion through a nozzle of : predet erm ned aperture. The particles
produced in accordance with the present invention nay be

positively or ati vel har ged, . as desired.. - .- .. Exanpl es of
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present invenihocoaténg appliehyiBhs; Eheetombdsiteh padyheyet hy:cfene or )
epoxy/polyestﬁg ep{afﬁﬁpﬁg}§§?§a38§ggg as.a gyggge%gcmofe fﬁ@ara |2dmax or’.

a natural wax, or eXa
particles prd@@@éﬁlnn a@tbeﬁanpplwcahions forhther chazgedf paltt iknesent
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pol ymeric naterl °}d?u58353§ a_powder palnt in coatlng
appl i cati ons, thefﬂvﬂpmsesenpoiynentlon alsoaincnaﬁesenetnhhy1t§COFpOfat'ng

one Or]ﬁpre|¥dHB¥“éﬁectrostat1cally charged particles of a
polymeric material or a wax wherein a unipolar charge
is 1ncorporated w1th1n the volume of the particles

The charged partlcles of the present invention
possess a more reproducible level of charge than was

15 possible us1ng the prior art charging techniques. In
particular the advantages are that the electr1ca1
charge is located within the volume of the particles
and the particles are pre-charged at the manufacturing
stage, rather than being charged 1mmed1ately prior to

20 use. This results in the charge being retained for
'much longer than surface charged partlcles and also
provides the particles with better sprayability '
characteristics than the surface charged particles.

The present invention w111 be further described

25 with reference to the accompanying drawings, in which;

| Figure 1 is a schematic drawing showing the
electrical charge sited on the surface of the prior
art paint particles;

Figure 2 is a schematic diagram showing the

30 - electrical charged 51ted within the pre-charged paint
partlcles of the present 1nvention,

Figure 3 is a schematic drawing of an apparatus |
for the induction charging of particles in accordance
with the process of the present 1nvention, and

35 Figure 4 is a schematic diagram of an apparatus



therein: Ot her appl i cations for the charged particles 5 of the present

i nventi on WPPORBSse as household ~  cleaning particl es PCIGRIFOLIEd
particles for bio- medi cal purposes and charged particles for insect
control purposes. The present_igivention also includes within its
10 scope electrostatically charged particles of a pol ymeric
material or a wax wherein a unipol ar charge IS incorporated within

t he volune of the particles.... The charged particles of the
present invention possess a nore reproduci ble |evel of charge t han

was- 15  possi bl €atsitige tderqd ornjaaétrﬁmrgnamgimg:w opmstlclés in

particul ar the acgvcac%:?%e,scear@grrq;hé rbergég&t. r‘%ﬁa"['h r?@f& e is |located

within the volu e par T A e pr e- charged
at the manufacturing Refermingeo rﬁzméram%emmmﬂgeullmmew

pri ﬁrl to 20 h Ughintl iy a&t{]ﬁﬂé tss ﬂlﬂ!idlh%é’élaé Ufe .{‘\ge réﬁ@iﬁ@cb ;@ﬂ 1t:}r1]e _
nuch | onger than su ar rticle ovl s ‘the
particles with bet "’creqt‘a{ep tjﬁfﬁqﬁd‘t yqr i af% "f'%?l%ft the ®surface

charged particl esillustrated atihia [byesantintermdl cxegnent bméunrcbflethe

described 25 \tggetr#n}t S ETaNGE Qﬁ}aﬂe%é& @Wﬁ'@% ?%f%%g&lﬁ t % %§3| ted.

Figure 1 is a sc I C drrawi ng ctrica
‘on the surface(ﬁch&ngqﬁlnﬂrtlcle Rﬂqd29§¢n1¢m§¢¢Q#Q§ﬁce with the Fjgure 2
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the pre-charged paint particles of the resent I nventi on;
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chargi ng of particy ahe mmqrdharw the pa:vtidmé his pi DDessrated het pa esent
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particle is negatively charged.
_  Although the particles 1 and 3 are shown with
15 either a surface negative charge or a volume negative
charge, respectively, it will be understood that the
particles could egqually well be provided with a
positive unipolar charge.
The injection of the unipolar charge, either
20 positive or negative charge, is achieved during the
formation of the particles. Referring to Figure 3,
this Figure illustrates schematically apparatus for
the induction charging of particles, for example of
paint, as they are formed. A nozzle through which the
25 polymer is forced is illustrated schematically at 5.
The particles 11 form as the material is forced
through the nozzle. The particles are passed through
an induction ring 6 which is requifed for the creation
of the appropriate electrical field resulting from the
30 avplication of a voltage by the generator 7. During
- passage of the particles 11 through the charged ring 6
the material accepts a unipolar charge and as the
particles 11 subsequently harden the charge becomes
effectively frozen within the volume of the particles.
35 ' An alternative method for imparting unipolar



-5- for the corona injection charging of particles in

accor danowowskirsshe process of the invention. Q the
drawings, Figure 1 illustrates a pai nt parti cI el vvh%t"ﬁ; ﬁg%l}’
negative charge 2 on the 5 surfade thereof. The bulk volune of t he
particle illustrated at la by an=<i @ternal segnent view of the
particle is not charged. Figure 2 illustrates a pre- "charged particle
produced in accordance with the process of the present invention. The
particle 3 does 10 not have any charge on the surface thereof. A

t terlot th t |l trated at 4
where it i's ol eaprbSenduRerRipTeRe 1B AT sEEREeD I Fioure b dn fnien
negatively chartbe. nozzle throught wbigh the peiten emtkrdad 3sare shown
th 15 t f t | :
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charge, respectively, 1.t wl rsto
equal |y wel | bee§F59¢ﬂ%dt0F?Hga the “°E6§Ptﬁvéndnpﬂﬁmaplgﬁaﬂgeare
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particles. Referrlng

h [ h
foaL?SurgSSaC '5VEd gHééEE%%?gedlVﬁgp}ﬁtggtseﬂé Flé&?l?“&ﬁ&&ﬁétﬁs f or
t he i nduction cumwgphgroinmemticneef €bargeaipte the bulk p&ithe as they
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i1l ustrated schenatlca. ¥ orn1as
is forced formedigh the %HQEI§°1¢ﬁﬁepﬁ?tFbﬁeglﬁﬁﬁrpégsedlshrough
an i nductimn rlgmp 1y$uQMy|ﬁhéegghéggt&9r1§he creation of the

appropriate electric fleld resultin e 30 lication of a
vol tage by the generéh ghﬁ" gléﬁeﬁaggaﬁéngfﬁﬁigp&FﬂPEFégnll
t hrough t he chaswmday rmrg.lcszlon, mayeabhso ebe adchieeptisbg tnepol ar charge and

as the ggg%&%gﬁrﬁéaéﬁe Vg#fﬂilg h?% 6 gscggﬁgggggcgﬂesflaﬁl

effectively fr ) cl es
alternatlvelﬂHQRRﬂ¥Qﬁ Tobke q.$¥§t§m§0l@rconventlonal extruders.

15 Normally, the material will be produced in sheet form,
to be subsequently ground into a fine powder.
The present invention will be further descrlbed
with reference to the follow1ng Examples.

20 ' | . EXAMPL

Unipolar charge injection into a molten example
‘of an epoxy/polyester composite'pclymer'was carried
out using an electrode similar to that illustrated in
25 Figure 4 of the'aCCOmpapying drawings. The polymer
sample size was 4.5cm in diameter and 0.6c¢m thick.
The temperature was maintained ataapproximately ioo%;
at which temperature the sample“was'above its glass
transition temperature. Whilst at this temperature, a
30 potentially -3KV at the sharp pOintéd'electrode was
maintained forla'period of time  during which the
sample re-solidified. A initial ‘charge value of
' -0.1 X 10" was measured w1th1n ‘the sample. The
following day the charge value was the same and
35 subsequently stabilised at approximately this value.
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- 6- WO 9AR8Ye 2 particles is illustrated in Figure 4 PETIGHISAI3T2

the nozzl e through which the nolten naterial is extruded i s shown
schematically at 8. The material is . £xtruded through the nozzle 8 and
particles 11 are 5 formed during this process. A high voltage

el ectrode "9 is incorporated within the nozzle and supplies a

uni pol ar injection of charge into the bulk of the . nolten material as
the beads 11 of the material are formed. The high voltage to the

electrode 9 is l@he epuRp/pdyvstdic ity pdlymer sample %A giten

injection either hy high fi i.nj.ection, or by induction, may al so
be achi eved by tﬁgﬁsque 5 ?o%;%ﬂa’tqﬁbéﬁd;f simlar electrodes adjacent the
final cooling roller systens in conventional extruders. 15

Normal Iy, the material wll be producednkﬂniageg form to be
subsequently ground into a fine powder. - The present invention

will be furPher described with reference to the foll ow ng Exanpl es.
20 UnipolarEidlide injection into Winlttén Cdwiigie of
1y eotion 10 2aBhLSRa "R e cperida FHCHRHP I SRR
illustrated in 28rrangegent 4igfiltarwe tac ddatanylilvustiratedgon Fikureot yoler
¥ the accompanying drawings. The wax sample size was
10 4.5cm in diaméter and 0.6cm thick. The temperature
was maintained at appfoximately 130°C at which the wax
was molten. Whilst molten, a potential of 40 volts
was maintained at the pointed electrode for a period
of time corresponding to the time taken for the wax to
15 re-solidify. An initial charge value of -0.3 X 107
Coulombs was measured within the sample. The next day
this value had decreased to -0.19 X 10¥ Coulombs.
This value was maintained over a period of weeks. The
wax sample was subsequently comminuted.
20



sanpl e size was 4.5cmin dianmeter and O. 6cm t hi ck. The tenperature

was mai %ﬁ@i‘zs@t approxi mately 100[err]C, at which 95&{1397“ t he
sanpl e was above its gl ass transition tenperature. hi s
tenperature, a 30 pcteﬂtlally -3KV at the sharp pointed el ectrode was

mai ntai ned for a i ti me during ahich the - sanple

re-soli ﬂ“‘mﬂmlmf ‘I ﬁm‘ charge value of = . -0.1 X 10[err] was rreasured
within ¢ foll owi ng day the charge val ue was the sane
and 35 subsequently stablllsed at approxi mately this val ue. WO
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The epoxy/ pol yuRAEME +omosite polyner sanpl e was then - subsequently .
conmmi nut ed. EXAVMPLE 2 5 ° Uni pol ar_

charge injection in{p aAhg %gﬁﬁéﬁgﬁf gﬁf Pﬁ?p?ﬁc?ﬁgan wax was carried out’

usi ng an el ectrode a _ ustrated i n Figure
4 of t heekrenparat hea tk nwehatgedhpanbiciespbé si béghas 10 4.5cm

i n di anetgr a t a nt ai ned at
apprOX|natelyf%%é%{fi?cﬁwcﬁatfgbgl ﬁﬂpéﬁ bPBSess com?§lgEEVhllst nolten, a

potential of ZEPQRFHQFatlngwﬁs“%ﬁ?ﬂ%%?nﬁﬂaﬁgethBtBthFeﬂa§P€é?ﬂoé§ for a

period oftémmmw%m&r@bb%tbnetgmséa{seanéeubhe wax to 15 .
re-solidify. Coul onbs was

| |
neasured\Mttnég]éégééﬁkﬁ ihﬁﬁg 2?#e%§°ve tge Tﬁ?glvglﬁ8lﬂ§d decreased to

-0.19 X 1o[enqhexgpfyﬁxhe said unlpolar charge belng incorporated
10 into the bulk of the material and the charged material
being subsequently commlnuted or the said charge
belng 1ncorporated into the material whllst formlng
particles thereof. '

15 2. A process as clalmed 1n claim 1 whereln the
' 1ncorporat10n of unlpolar charge 1s effected by the
injection of unipolar ions into the material.

3. A prcceés as claimed in claim 1 wherein the
20 incorporation of unipolar charge is effected by the
induction of unipolar ions into the material.

4. A process as claimed in any one of the
preceding claims wherein the unipolar charge is
25 incorporated into particles of the said material
during the formation of the said particles by
extrusion.

5. A process as claimed in any one of the
- 30 preceding claims wherein the material is a polymeric
material or = -ax. '

6. A process as claimed in any one of the
preceding claims wherein the polymeric material is a
35 polymer paint. '



This val ue was nmintai ned over a period of weeks. The wa e was
subsequenVPYPSRR#/ nut ed. 20 W96/ 01285 pcTiéhosiolsY
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1. A proce;a for the preparation of _ g electrostatically charged

particles w""&muﬂm”lmem stivity material which process conpr.ises
I ncor por at ¥ arge into the material at a t enperature at

or above the gl ass t'r arfsi t*i on tenperature thereof or above the
nel ting point t hereof, the said unipolar charge being incorporated 10
into the bulk of the7 mtkrprdcess asecbnimed dimeclaim| S wherelrithe

subsequently c cated into
the materi al %%%PP% or m}ﬁﬁtﬁg@léa%art I C lggw??lecruéoé)%é]&fﬂ%w 2. A

process as clainmed in claim1 wherein the i ncor poration of unipolar
charge is effected hy, the process rwc&wm@d iMmi Moy adneé oS thé o0 t he

mat eri al ess as e e 20
i ncor por atd on cﬁr%ﬁﬁW%rc%%F %r%*? e@? ngec{:ﬂog{ﬂﬂélw difdddd
particles have an average partlcle size in the range
of from 10 to 300um.

9. Electrostatically charged particles of a
10 material wherein a unipolar charge is incorporated
within the volume of the particles.

10. Electrostatically charged particles as
claimed in claim 9 wherein the material is a polymeric
15 material or a wax.

'11. Electrostatically charged particles as
claimed in claim 10 wherein the polymeric material is
a polymer paint.
20
12. Electrostatically charged particles as
claimed in claim 9 wherein the wax is a synthetic
paraffin wax or a natural wax.

25 13. Electrostatically charged particles as
claimed in any one of claims 9 to 12 which have an
average particle size in the range of from 10 to
300um.

30 . 14. A powder paint which comprises
electrostatically charged particles as claimed in any
one of claims 10 to 13.



i nducti on of unipolar ions into the materi al . rocess as

clai med i WOAPI1He of the precedi-ng: cl ai ms wherein tm,ch%

charge is 25 i ncorporated into particles of the said materi al

during the formation of the said particles by ext rusion.

‘5. A process as clained in any one of the 30 precedi ng cl ains wherein
the material is a polyneric : nateriaIZPI ax. 6. A
process as clainmed in any one of the d/écedin_ clains wherein the
pol yneric materi al is;gj%;? ;ﬁolyner pai nt . chLg§?85

PCT/ GB95/ 01372 o 7 A process as ¢l dimed |n claimb5 rein
t he - wax is a synthetic ps 'n wax or a natural 8.
A process as clainmed in any®eng recedi ng t he
el éctrostatically charged/ = ve an ave ze in
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(57) Abstract

-

A process for the preparation of electrostatically charged particles of a high reslstmty material which process comprises incorporating
a unipolar charge into the material at a temperature at or above the glass transition temperature thereof or above the melting point thereof,
the said unipolar charge being mco:porawd into the bulk of the material and the charged material being subsequently comminuted, or the
said charge being incorporated into the material whilst forming particles thereof.




