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METHOD OF ELECTRO-COATING AN ARTICLE

Field of the Invention
This invention relates to a method of an apparatus for coating articles by
electrophoresis.

Background of the Invention _
In the production of coating layers by electrophoresis, macro-molecules are

transported under the effect of an electric field onto a conducting body acting as an
electrode. Generally the primary objective of an electro-coating process is to produce a
smooth homogeneous coating surface on the substrate electrode. However the applicant’s
intention is to produce an article which has a roughened coated surface to increase the
contact friction between the coated article and objects which are contacted by the article.

Summary of the Invention

To achieve this, the applicant’s objective of the invention is to provide a method of
coating an article with a composite coating layer in which the coated article has an
roughened surface.

Accordingly, in the broadest form the invention provides a method of applying a
composite electro-coating to an article comprising the steps of:-

contacting the article with an electrophoresis resin solution containing a particulate
material suspended therein, the article being connected to a source of DC current,

conducting electricity through the article and the solution,

removing the article from the solution, and

curing the coating layer on the article.

In another aspect of the invention, there is provided a method for cbating an article
with a composite coating comprising the steps of:-

supplying a resin having a particulate material suspended therein to a main vessel
from a secondary vessel, said secondary vessel having a means for suspending the
particulate material in suspension m an electro-coating solution,



10

15

20

25

30

35

e A i
R i

2

immersing at least the surface of the article to be coated in the main vessel and
conducting electricity from a DC source through the solution and the article to coat the
solution and suspended particles onto the outer surface of the article,

removing the article from the main vessel and removing excess coating materials
from the article, and

curing the coating onto the article.

In order to provide a substantially uniformed thickness across the coating surface, it
is preferable that the process variables such as temperature, pH and particle content and
size are confrolled. The controlled ranges of these variables will depend on the resin used.
The electrophoresis resin solution may be formed from a suitable electrophoresis resin or
resins, solvent and other film forming materials including binding agents and extenders.
The electrophoresis resin is preferable a polyurethane resin but other organic coating
materials such as alkyd resins, acrylic resins and/or epoxy resins or mixtures of the

foregoing may be used.

Conductivity is a key factor for composite e-coating. The thickness (particle
co»"erage density) is most effected by conductivity. Génerally, the lower the coﬁductivity,
the higher the thickness. In a normal system, pH and particle concentration which may also
affect thickness are more stable and more easily controlled than conductivity in a given
period of time. Relatively, conductivity becomes the most sensitive factor which affects
thickness. In fact, good control of conductivity is a highly preferred to attain good coating
results. In most cases, unstable conductivity affects the variation of dimension among
batches. Experientially, the variation of conductivity should be controlled within +5us/cm.

It is preferable that the means of suspending the particulate material in the e-
coating solution is a stirrer. The action of the suspension means causes bubbles to form in
the solution. Since the conductivity is effected by the amount of air bubbles in the e-
coating solution, the control of conductivity may be accomplished by controlling the air
bubble content in the e-coating solution in the main vessel. This may be accomplished by

controlling the stirring speed of the suspension means.
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The bubbles formed in the solution and are entrained in the solution which passes
to the main vessel have a direct effect on the conductivity of the e-coating solution which
must be controlled in the main vessel in order to provide a uniform coating. Therefore it is
preferable to control the amount of bubbles entrained in the e-coating solution entering the
main vessel. This may be accomplished by the suspended e-coating solution passing
upwardly through the lower buffer region in the main vessel. The lower buffer region may
be a diverging section preferably at the base of the main vessel.

It is preferable that the particulate material dispersed in the solution is at a
concentration of between 50 to 500 g/l and that the particulate material is at least one of the
materials selected from the group of alumina, silica and silicon carbide. It is preferable
that these particles are in the range of 1 to 100 microns.

While the pH of the coating solution may controlled to be within the range of 4.1 to
4.6, the preferred range is 4.2 to 4.5. Prior to contacting the article with the resin solution
the surface of the article preferably undergoes a pre-treatment step in which the surface of
the article undergoes an alkaline and acid treatment.

It is also preferred that the built up of the coating is conducted at a lower voltage
for an initial predetermined period of time followed by an increase in the voltage for a
second predetermined per_iod of time.

In a further aspect of the invention there is provided an apparatus for coating an
article comprising:- ' ’

a main e-coating vessel for receiving the article to be coated,

a secondary vessel having a means for suspending a particulate material in an e-
coating solution, said suspension means creating air bubbles which are entrained with the
suspended particulate material to the main vessel,

means to convey the suspended particulate material to the main vessel, and means
to convey the overflow solution from the main vessel to the secondary vessel, wherein the
main vessel is oriented to allow the suspended particles to be carried towards the article to

be coated.
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Preferably the electro coating solution enters the main vessel through a lower buffer
region below the region where the article is contacted with the solution. The lower buffer
region may be a diverging section at the base of the main vessel.

Further features objects and advantages of the present invention will be become
more apparent from the following description of the preferred embodiment and
acc_ompanying drawings.

Description of the Preferred Embodiment

Figixre 1 is a schematic diagram illustrating an apparatus for carrying out the method of the
invention, ’

Figure 2 is a graph illustrating particle content in the coating solution as a function of pH,
Figure 3 (a)-(d) are graphs illustrating the change in thickness and conductivity of the
applied coating with respect to alumina content at varying pH levels of (a) 4.1, (b) 4.2,
(c)4.4 and (d) 4.3,

Figure 4 is a flow diagram illustrating the method of the invention, and

Figure 5 contains two tables of results of coatiﬁg trial in accordance with the invention.

The invention is suitable for use with electrophoresis or e-coating resins
commercially available. Typical e-coating resins bave an epoxy, acrylic , alkyd or
polyurethane base with polyurethane being the most preferred. The preparation of these
resins would be well known to those skilled in the att and does not form part of the
invention.

Referring to the drawings, a typical apparatus for carrying out the method of the
invention is shown comprising a main vessel 1 having an upper work zone 2 and a lower
buffer zone 3. The resin solution enters the vessel generally through the bottom of the
main vessel 1 into the buffer zone 3 from a conduit 4 connected to a pump 5-

Pump 5 draws resin with particulate material in suspension from a secondary
overflow vessel 6 which receives resin solution from an overflow duct from the main
vessel 1. The main vessel 1 is supplied with an overflow trough, preferably
circumferentially around the perimeter thereof which flows into overflow conduit duct 7.
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The secondary overflow vessel 6 may be positioned below the main vessel 1 so that the
overflow resin from the main vessel 1 flows under the influence of gravity into the
overflow vessel 6. The overflow vessel is provided with a means to maintain the
particulate material in suspension such as a stirrer 8. While the operation of the stimer is
necessary to keep the particles in solution and thereby help to attain even coating and
particle coverage, the operation of the stirrer generates bubbles in the overflow vessel. As
the presence and the amount of bubbles effects the conductivity of the solution, this

.variable can be controlled by adjusting the stitrer speed. Generally, the higher the stirring

speed, the more bubbles are generated and the lower the conductivity. When the stirring
speed is adjusted, it may take hours for the conductivity in the system to stabilize.

The pump is preferably an air driven pump which is able to provide a fairly
constant flow of solution through the conduit at a rate which depends on the size and
residence time of the resin solution in the main vessel 1. The flow rate for the applicant’s
test apparatus was typically 20-80 liters/min for a residence time of between 0.5-5
minutes. In order to further control the flow rate, a flow equalizer 10 is also provided in
conduit 4.

Referring to figure 4, a flow diagram of a preferred embodiment of the method of the
invention. The method was performed on cylindrical shafts approximately 31.16 cm long
and 12.115 cm in diameter. The shafis are made of carbon steel. Those sections of the
shaft which are not to be coated are covered with for example end caps. The shafts then
undergo a pretreatment which consists of an alkaline cleaning in an alkaline solution. The
preferred alkaline pretreatment used in the examples is in a solution consisting of NaOH,
Na2C03, Na3P04.12H20, Na2SiO3 made up to 140 g/l for a period of about 10 minutes
at a tempetature of about 60 °C. The alkaline pretreatment is then followed by an acid
wash in 10% H2S04 solution. Pretreatment is highly desirable for composite e-coating
before a shaft is coated. It includes alkaline cleaning and acid immersion. The purpose of
pretreatment is to get a clean surface which can increase adhesion and avoid coating

problems.

The pretreatment process is as follows:
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Alkaline cleaning (60 °C) for 10 min - High Pressure water rinse — acid (10%
H,SOy4) immersion for 1 min —> High Pressure water rinse —> drying

The shafts are.fitted to a jig or carrier which is lowered into composite electro-
coating solution in the main vessel 1. Currents are then passed through the solution and
the coating resin and particulate material is coated onto the metal substrate. The suitable
temperature for composite e-coating is between 22-24 °C. Higher temperatures can result
in solution broken down. Although solution is more stable at low temperatures, a lower
temperature will reduce the coating (resin) thickness. .

The coated substrates are then subjected to a shower before de-jigging and passing
to an oven or kiln to cure at a temperature of about 200 °C for approximately 20 minutes.

The applicants have found that the process parameters have an effect on the
thickness and uniformity of the applied composite coating. The applicants have conducted
further tests on the process parameters of the coating process to determine the preferred
conditions for the process. In order to enable the process to operate satisfactorily, it is
preferable that the p.rocess variables be maintained within specific ranges. The particles
used were alumina having particle sizes of average diameter is 48.0 +/- 3.0um and average
diameter is 40.0 +/- 2.5um in which the preferred average diameter to produce the required

coating thickness was found to be in the size range of 48.0 +/- 3.0pm.

The preferred resin used by the applicants is a polyurethane resin marketed by
Hawking International (HK) under the trademark CLEARCLAD. Dye may be added to
the resin. Suitable dyes include those also marketed by Hawking International (HK) Ltd
under the trademark CLEARCLAD. The preferred dye of the applicants during
experiments was a mixture of the e-coating resin and carbon black in an addition rate of
100~200 ml/1 polyurethane resin. A higher dye content will be of assistance to achieve
better appearance, but it will reduce the particle coverage density.

A solvent is preferably used in the resin/particle solution. The solvent is preferably
a mixture of a disperse phase solvent and a continuous phase solvent. Solvents are selected
as appropriate for the e-coating resin used. For the polyurethane resin used by the
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applicants, solvents marketed by Hawking International (HK) Ltd for the CLEARCLAD
system are A250 and A264.

When used for quite a long time without any monitoring and maintenance, the
amount of solvent in solution will decrease due to evaporation and vaporization. Low
solvent level will result in problems such as thin (resin) coating, uneven coating out and
lumps etc. When the problems appear, solvent analysis should be done.

A250 is the disperse phase solvent, It is not miscible with water and can never be
added to the bath alone. It coats out with the resin and promotes flow in the stove giving
brightness to the coating. A264 is the continuous phase solvent. It is oomplefely miscible
with water and can be added directly to the bath. It helps formation of the coating and adds

to the brightening effect of the A250 solvent.

A250 can be added to the bath provided it is mixed thoroughly with A264 in a ratio
of 1:2 or more. Addition should be made slowly through the weir (overflow vessel) and at
least 30 minutes should be allowed for mixing before using the bath (overnight is
pi'eferable). ‘ '

At 10% solid content, solvent content A250 should be between 2.5-3.5% and A264
is between 3-6%. This is also the range used in our testing. Higher solvent level (out of this
range) is not encouraged, because high solvent level will greatly increase the coating
(resin) thickness and reduce the particle coverage density thereby increasing the chance of

uneven appearance.

If solvents are lower than the recommended ranges, it will result in a thin resin
coating and lumps. (a coating layer contains resin coating and particles). taqk of solvent,
affects the formation of resin coating so increasing the percentage of particles in a coating
layer. Too high percentage of particles may result in particle accumulation or lumps.
Lumps reduce the contact areas so result in lower friction. Addition of solvent can promote
flow and levelling in the stove and reduce the lumps, both of which may be of help to

- friction.

In order to produce coatings of a uniform thickness of say, 50 microns and even
particle coverage, the particle concentration in the resin could not be less than 100g/L. The
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minimum particle concentration to obtain a desirable thickness varies with the pH value of
the solution (see table 1). However, a higher particle concentration in the solution will
enable a coating of a desirable dimension to be achieved more easily. In practice, a particle
concentration of 200g/1 ~ 250g/1 is applied at a pH range of 4.2 ~ 4.5, The results of Table
1 are shown in Figure 3.

Due to the presence of bubbles in the resin solution, the practical volume of
solution in the system is hard to measure. Hence, the particle concentration is calculated as
follows:

Particle concentration = the amount of particle added / the volume of solution made
up .
The applicants found it preferable to circulate solution and particles overnight to
mix them even before starting a sample making. New make up solution must be circulated
with particles (alumina) over 12 hours to achieve the stability. Stable circulation is of help
to maintaining the system stable and a constant flow can reduce the variation of
conductivity and coating thickness.

" Table 1
rH Min. Particle Concentration, g/L -
4.10 190
420 180
430 | 160
4.40 150
4.55 120

With particle concentration increasing, the conductivity of solution will decrease
slightly. But when the particle concentration increases up to a certain point which varies
with the pH value, the conductivity will have a sudden drop in a large scale (see figure 2 ).
This point seems be right the minimum particle concentration to obtain even particle
coverage. _ |

As a result of the above trials the applicants consider that the coating process of the
invention is best performed at a pH level of about 4.2- 4.5. At pH = 4.1 or below, the
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appearance of coating on the sample substrates is non-uniform and not good. However,
when the pH is 4.6 or higher, non-uniform lumps may appear in the coating. It is
recommended to control the solution between pH 4.2-4:5.

The pH value of a new makeup solution with 10% solid content and 200 ml/l dye
has a pH of around 4.35 which is suitable for composite e-coating. The pH value may
slightly vary with different solid contents and dye contents. (see table2)

Table 2
Solid content Dye pH
8% / 422
10% / 425
12% / - 4.29
10% 50 mV/L 4.30
10% 150 ml/L 4.36
10% 250 ml/L 4.42

pH values will slightly increase (about 0.1 unit) with addition of alumina.

In the composite e-coating system of the invention, measurement and control of pH
and conductivity of the solution are important. In order to monitor the effects of pH on the
quality of the applied composite coating, a 200ml sample of solution was taken and
allowed to stand for about an hour to allow the solids to settle and the bubbles to dissipate.
The pH is then measured using a clean calibrated pH meter.

The applicants have found that if a solution is used for too long a period of time or
after a large production run without any maintenance, the pH of the solution will tend to
increase. An increasing pH may result in solution broken down, resulting in such problems
as uneven coating out, lumps etc. A pH value of 4.8 was measured in a broken down
solution. The applicants are of the view that a pH level which is too high or too low results
in an uneven coating and a poor appearance. Frequent measuring (at least once a day) is

necessary to keep the solution in a stable state.
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Generally, a decreasing pH solution has not been found to occur during normal
operations. If the pH of solution is found to be becoming a little too high (such as pH up to
4.6), the solution should be monitored more frequently. In some cases, it is recommended
that a small amount of ES (Emulsion Stabilizer) should be added into solution to reduce
pH. ES can greatly reduce pH and increase the conductivity of solution, so the addition of
ES must be done carefully. 0.01% ~ 0.02% volume of ES is a suitable amount to added

into solution at no shorter frequency than every 15 minutes.

Conductivity is a key factor for composite e-coating. The thickness (particle
coverage density) is most effected by conductivity. Generally, the lower the conductivity,
the higher the thickness. In a normal system, pH and particle concentration which may also
affect thickness are more stable and more easily controlled than conductivity in a given
period of time. Relatively, conductivity becomes the most sensitive factor which affects
thickness. In fact, good control of conductivity is a highly preferred to attain good coating
results. In most cases, unstable conductivity affects the variation of dimension among
batches. Experientially, the variation of conductivity should be controlled within +Sus/cm.

'I:he static conductivity of s;olution is between 400~560 ps/cm (10% solid contlent,
50-250ml/1, see table 3). This value is much greater than that measured in an actual
circulating system. This is mainly due to the particles and bubbles in an actual circulating
system. The conductivity may reduce by 50 ps/cm when particles are added, and bubbles
which are mostly produced by stirring may greatly reduce conductivity by at least 200

ps/cm.

The actual conductivity is more useful than the static one. It is of no significance to
measure the static conductivity for sample making. The static conductivity in
system/solution is nearly always constant. But the conductivity measured in an actual
circulating system is not constant. It can be or only be affected by the bubbles if the
particle concentration, solid content and dye content are fixed. The testing results show
“that it is the actual conductivity and not the static conductivity which effects thickness. The
Tower the actual conductivity, the higher the particle coverage density, resulting in a higher
coating thickness. Furthermore a lower actual conductivity was found to help to achieve a

more even particle coverage.
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Table 3
Solid content Dye Conductivity
(us/cm)
8% / 416
10% / 443
12% / 489
10% 50 mi/L, 445
10% 150 389
10% 250 395

Conductivity should be measured frequently to keep the variation of conductivity
within a small range. However, if the conditions (particle concentration, solid content, dye
content, stirring speed, flow rate and the volume of solution etc.) are kept fixed, the
conductivity will also remain constant.

During trials, good substrate composite coating was attained at a conductivity range
of 260 ~ 340 us/cm, where the particle concentration is 200 ~ 250 g/l. Good coatings were
also attained at higher conductivity (400 ~ 440 ps/cm ) when particle concentration was up
to 300 g/1.

Conductivity can be adjusted by adjusting the stirring speed. Generally, the higher
the stirring speed, the lower the conductivity. -

During trials, good particle coverage was obtained between 7%-12% solid content
(dye 50-250 ml/L). It was found that at a solids content of 6%, samples with desirable
particle coverage could not be achieved. But higher solid content slightly reduce the
patticle coverage density if the same partticle concentration is applied. So 10+1% solid

content was found to be the most suitable.

In a preferred form of the invention, a two-voltage method is used in which 15 volts
is applied for 30 seconds then 40 volts for another 30 seconds (15V30S40V308S). A two-
voltage application method has been found to be more effective than one-voltage to control
thickness. The particle coverage density always determines the thickness of the coating. By
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the two-voltage method, you can reduce the first voltage to increase the particle coverage
density. If the second voltage is raised, percentage of coating (resin) increases, which
results in decreasing of particle coverage density. But thickness can only be adjusted in a
limited range at a given condition.

In a system for composite electro coating of the cylindrical rods as described earlier
containing polyurethane resin and alumina with a particle size range of 48.0um. The most
favourable conditions for attaining a high quality coating are as follows:-

e Solid content . : 9-10%

e Dye : 150-200 ml/1

s Particle concentration : 200-250 g/L.

e pH : 42-45

e Conductivity 2 260-340 us/cm

e Temperature : 22-24°C

o Solvent A250 : 2.5-3.5%

e Solvent A264 : 3-6%

e Voltage and Time : 15V30S40V30S
e Curing , : 200 °C for 20 min

The trial substrates were a series of 18 elongate cylindrical rods 31.16 cm in
diameter labeled A to R. The average coating thickness for each rod in the batch as
measured by laser micrometer is recorded in Table 4. The variation in coating thickness
within rods in the sample is shown in Table 5.

As can be seen from the results the average thickness of the coating of the sample

rods varied by a maximum of 2 pm. The maximum variation within each rod was also

2um.

The applicant has found that the use of the method according to the invention
enables a composite coating of resin and particulate matter to be applied to a substrate. By
carefully controlling the process parameters, the resulting coating is produced with a
substantially uniform thickness and particie coverage.
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Samples | A B c D E F (<] H- | J K L M N 0 P Q - R | A Max Mn

3204 3210 3250 3198 3200 3227 3198 3227 3227 3187 3227 3235 3238 3275 3295 3247 3223 314D

3202 3165 3225 3254 3256 3204 3158 3290 3250 3185 3219 3246 3265 3342 3333 3250 3194 3227

3248 3223 3185 3206 3217 3150 3206 3235 3173 3238 3931 3185 3233 3260 3200 3349 31,

3225 3231 3258 23240 3210 3227 3175 3308 3146 3246 3281 3208 3238 33.33 3313 3269 3200 31.60
3165 3210 3262 3273 3202 3198 3271 3250 31.98 3215 3213 3256 82.71 3269 8235 3304 3 .
377 3185 3275 3279 3208 3250 3206 3252 3992 3252 31.77 32 221 3303 3212 3200 3210 371 3215
3156 3252 3206 3200 3200 3167 3225 3225 3220 3271 3304 3238 3285 32, 252 3194 3342 3198 31.90
3213 3196 3237 3219 3154 3192 3202 31.54 3231 3256 3258 3275 3349 3277 3250 3250 3200 31.92

3190 3256 3220 3226 3189 3144 3192 3237 3181 3215 3148 3200 3242 3210 3202 3154 242  31.81
3273 3258 3317 3258 3285 j&ﬁi 3246 3256 3248 3175 3288 3392 3250 3217 3243 3175 3175 3258
Overall
average 3227 pum sp 0420

Cpk 1.67

c D E F G H ] J K L M N 0 P Q R_| Ave  Max Min

As‘
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The Claims defining the invention are as follows:-
1. A method of applying a composite electro coating to an article comprising the steps
of:-

14

contacting the article with an electrophoresis resin solution containing a particulate
material suspended therein, the article being connected to a source of DC current,

conducting electricity through the article and the solution,

" removing the article from the solution, and

curing the coating layer on the article.
2. The method of claim 1, wherein the particulate material is suspended in a
secondary vessel, the suspended particulate material passing to a2 main vessel for contact
with the article. : _
3. The method of claim 2, wherein the suspended particles entrain bubbles from the
secondary vessel into a lower region of the main vessel before contact with the article to be
coated.
4. The method of any one of the preceding claims, wherein at least one of the process |
variables selected from the group of temperature, pH, particle content and size are
controlled to provide a coating of substantially uniform thickness and coverage.
5. The method of claim 4 wherein the resin is an organic resin selected from the group
of acrylic resins, alkyd resin, epoxy resin and polyurethane resin and/or mixtures of the
foregoing or other film forming materials including binding agents and extenders.
6. The method of claim S, wherein the resin is a polyurethane resin.
7. The method of claim 4, wherein the particulate material is at least one of the
materials selected from the group of alumina, silica and silicon carbide.
8. The method of claim 4, wherein the particulate material dispersed in the resinis at a
concentration of between 50 to 500 gll
9. The method of claim 4, wherein the particle size of the particulate material is less
than 100 pm.
10.  The method of claim 4, wherein the pH of the coating solution is controlled to be
within the range of 4.1 to 4.6.
11.  The method of claim 10, wherein the pH is controlled to be within the range of 4.2
to 4.5.
12.  The method of anyone of the preceding claims, wherein prior to contacting the
article with the resin solution the surface of the article undergoes a pre-treatment step in
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which the surface of the article is subjected an alkaline treatment followed by an acid
treatment.

13.  The method of anyone of the preceding claims, wherein the built up of the coating
is conducted at a lower voltage for an initial predetermined period of time followed by an
increase in the voltage for a second predetermined period of time.

14.  An electro-coating method for applying a composite coating comprising the steps
of :-

15

supplying a resin having a particulate material suspended therein to a main vessel
from a secondary vessel, said secondary vessel having a means for suspending the
particulate material in an electro coating solution,

immersing at least the surface of the article to be coated in the main vessel and
conducting electricity from a DC source through the solution and the article to coat the
solution and suspended particles onto the outer surface of the article, -

removing the article from the main vessel and renioving access coating materials
from the article, and

curing the coating onto the article.
15.  The method of claim 14, further including the step of controlling at least one of the
ﬁrocess variables selected from the group of conductfvity, temperature, pH, pariicle content
and size to provide a coating of substantially uniform thickness and patticle coverage.
16.  The method of claim 14, wherein the built up of the coating is conducted at a lower
voltage for an initial predetermined period of time followed by an increase in the voltage
for a second predetermined period of time.
17.  The method of anyone of claims 14-16 wherein the resin is an organic resin
selected from the group of acrylic resins, alkyd resin, epoxy resin and polyurethane resin
and/or mixtures of the foregoing or other film forming materials including binding agents
and extenders. _
18.  The method of claim 17, wherein the resin is a polyurethane resin.
19.  The method of claim 14, wherein the particulate material is at least one of the
materials selected from the group of alumina, silica and silicon carbide.
20.  The method of claim 15, wherein the particulate material dispersed in the resin is at
a concentration of between 50 to 500 g/1.
21.  The method of claim 14, wherein the particle size of the particulate material is less

than 100 pm.
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22.  The method of claim 14, wherein the pH of the coating solution is controlled to be

within the range of 4.1 to 4.6.

23.  The method of claim 22, wherein the pH is controlled to be within the range of 4.2
to 4.5.

24. The method of anyone of the claims 14-23, wherein prior to contacting the article
with the resin solution the surface of the article undergoes a pre-treatment step in which the
surface of the article is subjected an alkaline treatment followed by an acid treatment.

25.  An apparatus for coating an article comprising:-

a main e-coating vessel for receiving the article to be coated,

a secondary vessel having a means for suspending a particulate material in an e-
coating solution, said suspension means creating air bubbles which are entrained with the
suspended particulate material to the main vessel,

means to convey the suspended particulate material to the main vessel, and means

16

to convey the overflow solution from the main vessel to the secondary vessel, wherein the

main vessel is oriented to allow the suspended particles to be carried towards the article to

be coated.
26.  The apparatus of claim 25, wherein the electro coatmg solution enters the main

vessel through a lower buffer reglon below the region where the article is contacted with
the solution. The lower buffer region may be a diverging section at the base of the main

vessel.



