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CHARGING SOLID PARTICLES AND DROPS IN
AN ELECTRIC FIELD :

Ye. V. Moiseyev

The application of non-metalllc coatings to the surfaces of
articles 1s a very laborious operation which is usually carried out
by hand. Therefore at present there has begun to come 1nt6 wide use
a method of electric r1e1§ painting which can be mechanized and auto-
mated. Automation is achieved by depositing the charged material in
an electric rield‘oﬁ the articles,which are hung on a conveyer.

By the method of electric field painting are deposited lacquers
and paints, powdered materials for different purposes, and flocking
on fabrics, paper, and metal to imitate plush, velvet, and velour.

From the physical point of view the process of applying coatings

.An an electrical field consists in electrically charging the particles,

moving them, and depositing them on the article.
The amount of charge on the particles of the material exerts a
great influence on the movement of the parciclés to the article and

their deposition thereon. As the charge on the particles increases,

80 do the forces of the electric field. In addition, the larger the

charge that a drop of paint has received, the betier‘it is atomized
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into small droplets by the forces of the electric field.

In order to use the forces of the electric field practically,
the influence which the properties of the material to be deposited
and the size of the electrode exert on the charge on tne particle must
be clarified.

The particles may be charged by lon deposition in the electric
field of a corona electrode and contact charge on the sharp edge of
an electrode, and also by a comblnation of the two methodrs.

Ye. M. Balabanov [1] investigated the charging of drops and
solid particles with a corona electrode. For particles of p > 1 the
foll‘owing formula may be practically used ‘

le—'(l'l'z::;}sf | (1)

. where anax is the greatest possible charge acquired by the particle;

€, the dielectric constant of the particle, E, the intensity of the

."field at a given point; and p, the particle radius.

Formula ( 1) 1s used under ordinary conditions in practice, i.e.,

'when securing an ion concentration surricient to oharge all the

particles in the cham‘oer..

' Below is examined ‘the case or contact charging the paint on the
sharp edge of the. atomizer (bowl, mushroom, or pan-shaped) ’ which |
does not diri‘er rrom .contact charging solid particles

Two- metallic electrodes ( Fig.: 1) ’ the article and the atomizer
with ras the” radius ‘of the sharp edge, are connected with a source
of high voltage. - Between the electrodes at distance H there 1s a layer
of air ( dielectric constant €3 = 1) and a thin layer of paint
(electrical conductivity '1,, dielectric constant €, , layer thicknesa
d) on the bowl, 1.e., two layers oi' dielectrics which may be conaidered

a8 a two-layered insulation. As 13 known, in two-layered insulation:
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with electrical conductivity on the div;ding surtace of the layers
there appears & free charge [2] When a high vo;gage is turned on,
the field strength in the paint layer and around the surfare of the

.paint at first propagates as follows (rield strength 1n thin paint

layer taken as constant)

B _
F: ‘ (2)
where EY and E2 are the 1ntensityvor the field and €, and €2, the
dielectric constant of the 1ayers.

- Since the paint and air layer 1s electrically conductive, conduc-
tion currents will appear in them under the influence of the primary
voltage. Near the ;harp edge of the atomizer‘covered with paint the
field strength 1s great, causing a current to originate f{rom the super-
ficial paint layer because of corona discharge. The paint layer and
the corona layer of the air have different condﬁctances; therefore
on the surface of the paint a charge accumulates (in our case a
regative one). The process finishes when the curfents of conductance
in both layers are equal and the accumulation of the charge on the
paint ceases.

In the'stationary state in accordance with the equilibrium and

: continuity of the‘chrrent

1, =12 | o (3
vwhere 1, is the current pas#ing throﬁgh'the paint and'ig, that
passing through the air. o _'  B ’ |

The current passing through the'paint tollows Ohm's law up %o a
field strength of 15-20 kv/cm, when the field strength is greater the .

current 1ncreasea more. rapidly than in accordance with Ohm's law

[2; 3], and 1is expressad by the rormnla
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,_,,.,cwo-v.s cu.-s.v‘ o (4)

ac.e

- where Eo, 10, Uo are the field strength in the paint layer, the current. '

’ and the voltage at which the current begins to grow faster than

according to Ohm's lew. respeetivel-y; ‘5}_. the thzcknese of - ‘the paint

" layer; 3ﬁd'c; -the coefficient depending onﬁthe thickness of the-l‘a';v'er;

'10‘-'7 32 » ¥ beilng the electrzcall'condue‘ean'ee' of éhec ‘ paint.
' " In practicn the. rield strength in the paint 1ayer generany
- exceeds 20 kv/em. Let us examine this case. .
o The current pass:l.ng through the air gap will be equal to the
current leavn.ng the corona electrode if the surrace aeting as a

conductor is also expreased by the fomula __1-;{'

il .
] “‘;-” I‘.

‘where K is 1 9 cm"/sec-v (ion mobd.nw), H, distance from edge ot
atomizer to art:l.ele, r, radius of sharp edge of ato:xu.zer, and U

voltage tr:l.ggering the corona..

U, =3l(x +;°’)rln

i '(6)_-

Atter conversions and. reduction of the area to 1 cm2 we obtain
; ) rw-u.-u.) 0.39:K-A-4 U, U, . i L P
Tl _ w.'mmf.’i( ' " PEDARTREE ‘ n

wheie A=1 (9 0“) ( constant), U, voltage of power souree, v,

e:lectrical eonduetanee or the pa:.nt, and-tlc, the corona _triggering

. o
e . R .
Py e ..

' voltage. R . :
From Eq ( 7) ‘we .can detemine Uz and, then U;

Geven ®

| From the values of 01 and Uz we can: determine the tield atrength
- within the layers,eonsidermg that. thel-:; 18 x-oughly 8 eonatant 1n the
thin paint layer. - T

. FTD-‘I‘T-62-1830/1+2+4 L R

Ca . v .

»

'.(s)

LR




'talning the rollqwlng parameter values. Vs 42 v, Ew, #2 km/cm,

| PTD-TI-62-1830/1e24h | 5=

A ad.
E,;--f"-

- .o Cree (9. .
' EQ-AIQK—liH— ) ' d .
rln-—'

( 10)

whetre K = 0.9 1s the coefficient for the given case determined by

graphic calculation of the fleld of the bowl; E,, x‘ield strength '
in the paint layer; -and Egmu, tield strength 1n the air around the’
paint layer. o ' . )

' The surface density of tl"-:e'cha,rﬁge on the electrode (me_tal of
the bowl) 1is o P

The field strength also determ1nestne.tbta1’ot“the

E"‘max
charges on electrode ¢; and on the surface of the paint layer a8

f.,. =.4|=(’. +3) K . ‘o o “ ( 12)
Whence .
o=t (13)

.The density of the charge on the paint-is
;¢ "'.gt_._'ﬁtl‘:_e‘._‘ _ o . (11‘)
. To determine the depehdence.ot the size of the Chirge of the
paint on the different conditions we take this charge as the unit in
the followiﬁg mitial paraméters: ¥, 100 kw- "f, 10" ohm -cm; €, 3&;

x, 1. 9 cm?/sec - ¥; H,: 20 em; r, 0.125 mm; 4, IOu, and c. 0.1.

Calculating Lrom the romulas quoted above results in our ob-~

E2pmaxe

N

890 kw/cm, and Oas 192 unit cgs e/cm"'
The size of the charge: ox‘ a particle with x‘adius p = Su. will be
Q--s =,=—- 192:3,14.10-¢ &
(15)

- =2 10-4¢a. s e



where S is tﬁe‘wholé surface of the particle and 1/3 is the‘gortidn of
the partlcle surface on &kich th; chﬁrge accumulates. . '
With a change in size of any of *the initial parameters the value
.'of the surche“deﬁsity of the.charge changes (Figs. 2-5). The figures
*shdw that whgn the voltaéé of the power source is raised, as well as -
ﬁhe'eieqtrical conducténce of the paint; the paint charge increases.
!When the radius or'rouniinglof the atomizer 1s increased, the:paint
charge dechases. Similar'reéults are obtained when the flow rate.
of the pain;-is %nc:eééed; when the dielectric constant of the paint
increases, the chargé decreaseé. ‘ |
We Shpuld Beap in mind that the dielectéié’constant‘of the -
material exerts an 1hfluence on the whole process Qf atomizing thé
drops, therefore it is not fecommendgd that 1its size be diminished.
For éomparisqn 1ét us determine the size of the charge of tﬁe
same particle which 1t got in the‘field of the corona electrodes when
E = 16.6 unit:cgs e/cm | |

Qm=%l+2%534&&9404-

= 8,4 10~%ex. cgs ¢

{16)

Contact charging gives 1n the present case a charge value 25

times larger than does charging in the field of the corona electrode.

Fig. 1. Diagram of contact. charging of
paint particles on $harp edge of atomizer,
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Fig. 4. Dependence of value - Fig. 5. Dependence of value of
of .particle charge on radius B charge and its density on

of rounding of paint atomizer. " ‘thickness of paint layer.

.Conclusions

The electrical ehafge‘of solld particles or drops of paint in
contact charging is‘achieved as a result of raising the voltage. of
the power sourqe,‘of using material with high electrical conductance,i
i of sharp rounding df'the atomizer, and of decreasing thé thickness
. of the layer of materlal on the edge of the electrode.

Since certaln varlables simultaneously 1nf1uéncé the slze of the
.charge 1t 1s necessary strictly to maintalr the technological regime
according to the voitaée, palnt flow rate, and electricél parametérs

of the matefial.
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