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[57] ABSTRACT 

Apparatus and process for electrodedeposition paint 
ing of a metallic material by using alternating current 
(hereinafter designated as AC). The apparatus com 
prises the conventional resin bath and uses the metal 
lic material as an electrode. A counter-electrode is 
formed of a ?lm-forming metal upon which an oxide 
film is formed, the oxide film having a thickness no 
less than 0.2 ,u. Additionally, a third electrode is uti 
lized for preventing pin holes in the coating ?lm. 
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APPARATUS AND PROCESS FOR APPLYING 
ELECTRODEPOSITION PAINTING BY 

ALTERNATING CURRENT 

The present invention relates to a process for electro 
deposition painting by alternating current or by using 
an a.c. source. This invention is fora process ofeleetro 
deposition painting by an a.c. voltage to popularize the 
technique of electrodeposition painting and to permit 
a converter from a.c. to direct current (designated 
hereinafter as d.c.) to be omitted and therefore to sim 
plify the necessary electric devices. 
The present invention may be summarized to be a 

process for applying electrodeposition painting by a.c. 
comprising applying painting by an a.c. voltage in a 
resin bath for the electrodeposition painting using an 
oxide film electrode as counter-electrode of a ?lm 
forming metal such as Ta. Al. Ti. Zr and Nb and an 
alloy thereof. 

In principle. processes for electrodeposition painting 
so far used comprises applying an external d.c. voltage 
between a metallic matter to be coated as anode and a 

counter-electrode or cathode in a bath for ‘the electro 
deposition painting containing an electrodeposition 
paint material. and painting the surface of the metallic 
matter with the deposited paint material. Most other 
processes are modifications of the above process. 
Although some processes for electrodeposition paint 

ing using a.c. voltage have been devised in which an 
a.c. voltage is applied between a metallic matter to be 
coated and a counter-electrode to coat the surface of 
the former with the paint material deposited. these pro 
cesses are of almost no practical use because of the fol 
lowing difficulties: 

]. A special bath of paint material is used for the a.c. 
electrodeposition painting. In this case. the paint mate 
rial is deposited on the counter-electrode. though it 
does not need to be coated. and a device is necessary 
to remove the paint material which. to the contrary. 
loses the merit of the electrodeposition coating method 
by a.c. 

2. The amount of deposited paint material per unit 
time is so small that profitable application of the tech 
nique is questionable. 

3. The coulombic ef?ciency, or amount of paint ma 
terial deposited in mg/dm2 per unit coulomb. is small 
relative to that in the method using d.c. 

4. A measure should be taken to the gas which is 
evolved at the cathode. 
However. if the above dif?culties could be solved. 

the process for the electrodeposition painting by a.c. is 
apparently more pro?table in equipments and devices 
than the corresponding processes by d.c. 
The present invention has succeeded in solving these 

difficulties pro?tably and developing a practical pro 
cess for the electrodeposition painting by a.c. 

Difficulties generally accompanying with the pro 
eesses for the electrodeposition painting by a.c., such 
that a thick coating ?lm is not obtained and that the 
coulombic ef?ciency is low. arise from the mode of 
treatment in which the a.c. voltage is directly applied 
between a metallic material to be coated and the coun 
ter-electrode, where the metallic material is alternat 
ingly polarized as anode and cathode in accordance 
with the cycle of the a.c. voltage source so that the 
coating ?lm that is formed when the material is anodic 
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2 
is inevitably dissolved or peeled in part when the polar 
ity is reversed. 

In this invention. however. the electrical resistance 
between both electrodes is made lower. hence the bath 
current larger. when the metallic material to be coated 
is anodic and the counter-electrode is cathodic. and 
therefore the coating process to the metal surface pro 
ceeds regularly. On the other hand. when the metallic 
material is cathodic and the counter-electrode is an 
odic. the resistance between both electrodes is made 
higher and hence the bath current smaller so that the 
deposited coating ?lm on the surface of the metallic 
material is not easily dissolved or peeledl Furthermore. 
a more perfect process for .the electrodeposition paint 
ing has been completed by compensating the undesired 
current which flows when the metallic matter to be 
coated is cathodic and the counter-electrode is anodic. 
The characteristic feature of the process of this in 

vention is that all the requirements in realizing electro 
deposition painting by an a.c. voltage have been met 
solely by modifying the counter-electrode without in 
troducing a sophisticated set of apparatus. 
Subsequently. performance of the counter-electrode 

of this invention as well as the consequence in which 
the process for the electrodeposition painting by a.c. 
has been realized will be explained in the following par 
agraphs. 
The feature of the counter-electrode employed in the 

process of the present invention is that the electrical 
resistance and the electrostatic capacitance between 
the electrode and the paint material bath are large 
when the electrode is anodic while they are small when 
cathodic. 
The present invention shall be described in details re 

ferring to the attached drawings. 
FIG. I shows the relation between the bath voltage 

and the bath current when a sinusoidal a.c. voltage is 
used in the process of this invention, where (i) shows 
the bath voltage. (ii) the bath current depending on the 
polarity of voltage and (iii) the bath current when unef 
fective current is compensated with electrostatic ca 
pacity. 
FIG. 2 shows the coulombic ef?ciency in the a.c. 

electrodeposition coating when the tantalum oxide ?lm 
electrode is used. 
FIG. 3 shows the ratio in coulombic ef?ciency of the 

a.c. electrodeposition painting with the tantalum oxide 
?lm electrode to the d.c. method. 

FIG. 4 shows the coulombic ef?ciency in the a.c. 
electrodeposition painting when the aluminum oxide 
?lm electrode is used. 

FIG. 5 shows the ratio in coulombic ef?ciency of the 
a.c. electrodeposition painting with the aluminum 
oxide ?lm electrode to the d.c. method. 

FIG. 6 shows the relation between the time for elec 
trodeposition and the amount of paint material depos 
ited in the period when a tin-plated iron plate is coated 
by the a.c. electrodeposition using the tantalum oxide 
?lm electrode. 
FIG. 7 shows the relation between the bath voltage 

and the amount of paint material deposited when a tin 
plated iron plate is coated by electrodeposition using 
the tantalum oxide ?lm electrode. 
FIG. 8 shows the relation between the cycle of the si 

nusoidal alternating current and, the ratio in the cou 
lombic ef?ciency. 
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FIG. 9 shows the relation between the bath voltage 
and the bath current in electrodeposition coating when 
alternating currents of various wave forms are used. 
FIGS. 10 — 15 show a modi?cation of the present in 

vcntion. FIG. 10 shows the principle of the modifica 
tion of the present invention. FIG. 1 I is a graph for ex 
plaining the bath current. FIG. 12 shows the relation 
between the area ratio of the third electrode and pin 
holes in the coating ?lm. FIG. 13 is a graph for explain 
ing the area ratio of the third electrode and the coulom 
bic ef?ciency. FIG. 14 shows the position of the third 
electrode and FIG. 15 explains the behavior of the third 
electrode in relation to the current elements. 
The electrical resistance between the counter 

electrode and the paint material bath is high and low 
when the electrode is anodic and cathodic. respec 
tively. As shown as (ii) in FIG. 1 when the metallic ma 
terial to be coated is positive and the counter-electrode 
is negative or. in other words. the paint material is de 
posited on the surface of the metallic material. the re 
sistance between the counter-electrode and the solu 
tion is low enough to allow a large bath or a forward 
current to flow. When the metallic material is nega 
tively and the counter-electrode is positively polarized. 
respectively. high resistance between the counter 
electrode and the solution causes the bath current or 
the current in the inverse direction to be low and sup 
press the re-dissolution and peeling of the paint coating 
?lms formed on the surface of the metallic material to 
be coated. 
However. re-dissolution and peeling of the coating 

?lms which cause a loss. due to the current in the in 
verse direction. though small. can not be avoided. 
The loss can be compensated by the electrostatic ca 

pacitance when the 
Namely. when the counter-electrode is anodic. the 
phase of the bath current leads the bath voltage due to 
the capacitance. As a result. as shown as (ii) in FIG. 1, 
while the counter-electrode is positive and the metallic 
material to be coated is negative according to the bath 
voltage (interval B on (i) or under the voltage favor 
able to re-dissolution of ?lms). current flows in the di 
rection to deposit the paint material for a time period 
on the metallic material (interval C on (iii). Thus. addi 
tional coating isapplied to the metallic matter to com 
pensate the loss due to the current in the inverse direc 
tion. 

In the above. the coulombic efficiency is emphasized. 
but a different requirement should be met with the 
counter-electrode. If the paint material is deposited on 
the counter-electrode itself. a thick film will be formed 
on the surface which increases the electrical resistance 
between the electrode and the solution. requiring a 
higher bath voltage for the coating to proceed. A coun 
ter-electrode free from such trouble is desired. 

In this connection, the counter-electrode of the pres 
ent invention has an oxide film on the surface prevents 
the coating resin from completely depositing on the 
electrode surface. As an anode. the electrode forms a 
current leading in phase due to the electrostatic capaci 
tance so that the coating film once formed is dissolved 
while acting as anode and. therefore. the loss in bath 
voltage due to the resistance of coating ?lm can be kept 
low. 
As has been explained. the counter~electrode having 

the speci?ed properties outlined above permits electro 
deposition painting by a.c. to be performed with much 

counter-electrode is anodic. ~ 
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simpler apparatus in comparison with conventional 
processes. 

In following the process and apparatus of this inven 
tion. the counter-electrode having the above properties 
is required. Such an electrode can be prepared from a 
film-forming metal such as Ta. Al. Ti. Nb. Zr. Y. Hf. 
Cr. Mo. W. Bi. Mg. Ge. V and Si and alloys thereof by 
forming an oxide ?lm on the surface by a chemical or 
electrochemical manner. 

For example. a tantalum plate. after a pre-treatment 
(immersing for about 10 sec. in a solution containing 
H2504. HNOa and HF in the ratio 5 : 2 : 2). is anodically 
treated for l() to 120 min. by d.c. voltage using a car 
bon cathode in a 15 percent solution of boric acid at 
70°C. The oxide ?lm formed on the surface has the 
thickness as shown in Table 1 depending on the voltage 
applied to the bath. 
Table I shows the oxidation treatment of the tanta 

lum and the ?lm thickness. 

Table l 

Voltage of anodic Film thickness 
treatment (V) (A) Color 

30 about 500 dark pale blue 
70 I000 golden 
90 1300 reddish violet 
I00 I500 blue 
I30 I900 golden 
I60 2400 red 
180 2700 green 

Using tantalum as a counter-electrode which was 
coated by an oxide film. an aluminum material (oxide 
?lm being 0.l2,u. thick) was coated by electrodepo 
sition in a coating resin bath of the d.c. anodically de 
position type by an a.c. voltage from the commercial 
source. If the tantalum electrode had been sufficiently 
treated to form the oxide ?lm. the coulombic efficiency 
was almost equal to that in'the d.c. electrodeposition 
painting process as shown in FIG. 2. The result illus- , 
trates the benefits of the present invention in compari 
son with the low coulombic ef?ciency. less than l0 per 
cent of the d.c. process. due to low efficiency of deposi 
tion of the paint material. This low efficiency is ob 
tained when electrodes of stainless steel (SUS 27). plat 
inum. carbon and aluminum (carrying less than 0.2a 
thick oxide ?lm) were used as the counter-electrode 
and electrodeposition coating was performed by the 
identical voltage. (see Table 2). ‘ 
Similar property of the tantalum oxide film electrode 

mentioned can be obtained by the anodic oxidation 
treatment in various electrolysis solutions such as 
H2504. CrOI-h HNO3. NaOH. NaBSO4 and many others. 
When the counter-electrode is prepared from alumi 

num. the procedure is the same as for tantalum. The 
oxide ?lm forming process is followed for 5 to 300 min. 
in an electrolysis solution containing substances of 
moderate dissolving power such as H280. and under a 
3.0 to 200 V d.c. or a.c. voltage. so as to achieve suffi 
ciently high resistance between the electrode and the 
solution when the former is anodic. At the same time. 
the electrostatic capacitance is ensured therebetween. 
The coulombic 'ef?ciency of the electrode thus formed 
is close to that of the electrodeposition painting by a 
d.c. process if suf?cient treatment of the oxide ?lm for 
mation has been performed. as shown in FIGS. 4 and 
5. 
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ln other words. the ratio of the coulombic efficiency 
in the electrodeposition coating processes conducted in 
identical baths by d.c. and ac. approaches lUU percent. 
This ratio can never be attained with the previously 

cited electrodes. namely of stainless steel (SL'S 27). 
platinum. carbon and aluminum with less than 0.2;; 
thick oxide ?lm). when these electrode are used as 
.ounter-electrode and an aluminum material (10cm X 
iOcm. 0.12;.t thick oxide film) is coated by electrode~ 
position using an ac voltage. 
An aluminum electrode can be provided with the 

property of the counter-electrode of this invention by 
treating to form an oxide ?lm on the surface by many 
procedures. as is the case with tantalum. For example. 
electrolytic oxidation in solutions of sulfuric. chromic 
and boric acids. The methods are not restricted to 
those mentioned above. 
Film-forming metals such as Ti. Zr and Nb and alloys 

thereof could provide the counter-electrode which 
have necessary properties required to achieve the pro 
cess of this invention by being treated to form oxide 
?lms in fundamentally the same way as before. 

in the oxide ?lm electrodes of this invention. the 
oxide film should be especially stable and uniformly 
formed on the electrode surface. If otherwise. the oxide 
film may be deteriorated or broken to fall off due to 
evolution of hydrogen gas when serving as a cathode 
and likely deposition of resin on the electrode surface 
and deterioration of the electrostatic capacity may re 
sult when serving as an anode. anodic general. thick 
ness of oxide ?lms is important with the oxide films 
which is required to form the electrodes of the present 
invention. ln particular. for the metals of the first 
group. that is Ta and Nb. an oxide ?lm thicker than 
0.2a is sufficient and the film can be obtained with rel 
ative ease in an acid. neutral or alkaline solution. With 
the second group metals. that is Zr and Hf. oxide ?lm 
thickness more than 0.35;; for Zr and 0.4;; for Hf is 
necessary. which could be prepared by an annodic 
treatment in almost any acid, neutral or alkaline elec 
trolysis solution. except that of hydrofluoric acid. With 
?lm-forming metals of the third group. that is Al. Ti 
and others. a thickness of oxide ?lms more than la is 
necessary. The electrode could be prepared by chemi 
cally treating in an electrolyte which is mostly acid hav 
ing moderate dissolving power against the oxide ?lms 
(dilute sulfuric, nitric, chromic and oxalic acids being 
contained). With the fourth group metals consisting of 
alloys of oxide ?lm-forming metals such as Ta. Nb. Zr. 
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Hf. Al and Ti. the actual thickness of the oxide films 
should be greater than the summed products of thick 
nesses of oxide films and the contents with respect to 
all composing elements. 

Finally with the fifth group metals which consist of 
alloys of one or more elements of the oxide ?lm 
forming metals belonging to groups 1 through 4 above 
such as Ta. Nb. Zr. Hf. Al and Ti as the major constitu 
ent with elements other than the oxide ?lm-forming 
metals. the thickness ofthe oxide ?lms should be larger 
than product of the reciprocal of content of the major 
constituent and the minimum ?lm thickness of the ?lm 
forming metals. In these cases the procedure to treat 
the oxide ?lms may be similar to that for the oxide ?lm 
forming metal contained as the major constituent. 

In the above statement. the structure and quality of 
the counter-electrode were explained with regard to 
the coulombic ef?ciency. However. further typical re 
quirements that follow should be met with the counter 
electrode in order for the clectrodeposition painting 
process by ac. to be extensively applicable in industry. 

I. The process should be applicable to various met 
als. When applied to Al. zinc-plated iron plate. tin 
plated iron plate. Fe. tin-free sheet and many other ma 
terials. it should exhibit excellent performance and 
high coulombic efficiency as a process for electrodepo 
sition painting. 

2. Any desired resin type coating materials such as 
acrylic. polyester. alkyd. epoxyester and maleic oil res 
ins could be applied with the high coulombic efficiency 
as could be encountered in the electrodeposition paint 
ing process by d.c. 

3. Time required for the electrodcposition painting 
could be varied as desired. In other words. a coating 
layer of the desired thickness could be obtained within 
a certain time interval which is predetermined as de 
sired. 

4. As ac voltage sources, not only the commercially 
supplied sinusoidal a.c. source of 50 or 60 c.p.s. but 
also any a.c. sources of higher or lower cycles could be 
used for the purpose. Further. sawtooth or square 
wave a.c. could be satisfactorily used for the coating. 

All the requirements above have been met by the 
process of the present invention with satisfactory re 
sults as illustrated below. 

I. Table 2 shows the performance of the process of 
the present invention as a coating process applicable to 
various metallic materials including Al. zinc-plated iron 
plate, tin-plated iron plate. Fe and tin free sheet. 

Table 2 

Coulombic ef?ciency at the electrt» 
deposition coating of various metallic materials 

Electrode of the process 
of this invention 

Counter-electrodes other 
than that in the process 

of this invention 

Tantalum oxide Aluminum Stainless Steel Pure Al Platinum 
?lm electrode oxide ?lm electrode electrode 

electrode electrode 
(SL‘S 27) (0.12,. 

thick oxide 
?lm) 

Aluminum lUl) 9; lot) (/1 < l '/r < l ’/l 2 (1r 
Zinc-plated 
iron plate 100 lllll Z l l l 
Tin plate 100 I00 2 l l 1 
Iron 
(for plating) I00 I00 2 l3 " 
Tin free sheet I00 I00 I l4 1 
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[Counter-electrode (electrode of the present inven 
tion)] ’ 

l. Tantalum oxide film electrode: 2700 (A) thick 
oxide film , 

2. Aluminum oxide film electrode: l(l.5 (/J.) thick 
oxide ?lm 

[Conditions under which the electrodeposition coat 
ing was performed] 
A counter-electrode of the same dimension 10cm X 

10cm as a metallic material to be coated was placed at 
a 10cm distance from the latter in an electrodeposition 
painting bath. The coating was conducted for 5 see. by 
the commercial a.c. (50 c.p.s. sinusoidal) of lOOV. and 
the coulombic ef?ciency was calculated. Subsequently. 
the corresponding coulombic ef?ciency for the d.c. 
coating was obtained when the same material was 
treated by electrodeposition painting process under ap 
plication of 70V d.c. source in the same bath for 3 sec. 
using a stainless cathode. Ratio of the coulombic effi 
ciencies shows the relative performance of the electro 
deposition coating of each counter-electrode. 

[Bath for the electrodeposition painting] 
Acrylic resin: the solid content of the bath being 15 

percent 
Bath temperature: 25°C 
The coulombic ef?ciency of the process of this inven 

tion was in all cases close to that of the d.c. method. 
and therefore the ratio in the coulombic ef?ciencies 
was lUO percent. Such values of coulombic efficiency 
were never obtained in the a.c. electrodeposition coat 
ing with electrodes other than the counter-electrode of 
the present invention. . 

2. As for the coulombic efficiency when a coating 
material of an arbitrary resin type was used, the same 
coulombic ef?ciencies as those by d.c. electrodepo 
sition painting processes were obtained by the a.c. pro 
cess for a varieties of coating materials including those 
containing as major constituent acrylic, polyester. al 
kyd. epoxyester and maleic oil resins, as shown in Table 
3. 

Table 3 
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that the deposition rate may be arbitrarily varied by 
changing the bath voltage to meet any requirement. 
This is one of the important requirements which the 

process of this invention should meet in order to be 
generally used as a painting process for industrial pur 
pose. The reason for it is self~evident. since a paint 
coating process to be used in industrial purposes should 
proceed at a rate comparative with that of other opera 
tions in a sequence. For example, in coating automo 
bile bodies the coating should proceed at the same rate 
as that of body-forming operation prior to the coating. 
and in coil coating very rapid coating is required to at 
tain a desired thickness of the coating ?lm in a short 
time. 

4. With regard to the a.c. sources to be applicable to 
the present invention, this invention exhibits the high 
performance in the electrodeposition painting, as 
shown in FIG. 8, by using a.c. of a very wide range of 
‘frequency and, in addition to sinusoidal waves, by saw 
tooth or square waves shown in FIG. 9 with higher cou 
lombic efficiencies than in other a.c. electrodeposition 
painting processes. 
According to a modi?cation of the present invention, 

a third electrode is provided in addition of the metal to 
be painted by electrodeposition and the coupled elec 
trode and is electrically connected to the metal to be 
painted by electrodeposition. ’ 
This modification of the present invention further en 

hances the advantages of the alternating current elec 
trodeposition paint coating and particularly enhances 
the paint ?lm quality. V 
The third electrode in the modi?cation of the present 

invention has its objects to prevent gas generation at 
the metal to be painted by electrodeposition and to ef 
fect precision control of the paint film thickness, and 
is an “oxide film electrode" or may be an ordinary elec 
trode commonly used for electrolysis connected with a 
rectifying element of silicon, germanium selenium, etc. 
in such a manner that the current ?ows in the direction . 
from the electrode to the rectifying element. 

Coulomhic efficiencies of a.c. electrodeposition 
coating in various types of resin baths 

A B C e . 

Coulnm- Coulombic efli- A.c. electrodeposi 
hic 

pH of efficiency ciency by this tion coating with 
bath by d.c. inventiontmg/coul) other counter 

Resin electrodetmglioull . 

process 
Ta oxide Al oxide Stain- Pt Al 

(mg/coal) ?lm ?lm less elect- elect 
electrode electrode ( SL‘S27) rode rode 

(0.2;mxide 
?lm) 

1 Acrylic 7.90 ms is» m7 ' <0.2 <0.2 <0.: 
2 Polyester 6.47 14.8 l-LX 14.8 <().2 <U.2 <02 
3 Maleic oil 7.70 6.2 6.2 6.3 <02 <02 <().?_ 
4 Epoxyester 9.l() l7.8 17.9 l7.7 <().2 <().3 <().2 
5 Alkyd 8.50 l2.5 12.5 l2.5 <().2 <().2 <02 

3. As for the time required to complete the electrode 
position coating to obtain a desired thickness of the co 
ated ?lms. H68. 6 and 7, which illustrate the deposi 
tion rate of the coating materials of this invention, show 

The oxide ?lm electrode referred to above is com 
posed of metals which form an oxide ?lm such as Ta. 
,Al, Ti. Zr. Nb. etc. or their alloys on which an oxide 
?lm is formed. 
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The modi?cation of the present invention shall be de 
scribed in details referring to FIGS. 10 — 15. 

In FlG. l0, 1 is a bath ?lled with clcctrodeposition 
paint. 2 is an oxide film electrode used as a coupled 
electrode. 3 is a metal to be painted by clcctrodepo 
sition. connected to an alternating current source. 4 is 
another oxide ?lm electrode used as the third electrode 
connected to the side of the metal to be painted 
through a resistor 5. 
When the alternating current is supplied. the metal 3 

to be paint coated and the third electrode are im~ 
pressed with positive and negative voltages alterna 
tively in respect to the counter-electrode 2. As an oxide 
?lm electrode is used for the counter-electrode. a large 
bath current passes under the bath voltage condition in 
which the counter-electrode is negative and the metal 
3 to be paint coated and the third electrode 4 are posi 
tive. and ‘clcctrodeposition paint coating is effected 
thereby. Since the third electrode is the oxide ?lm elec 
trode. the current is hard to pass and passes mainly 
through the metal to be paint coated. thus using most 
of the current for electrodeposition paint coating on 
the surface of the metal to be paint coated. 
Next. when the counter-electrode 2 is positive and 

the metal to be coated 3 and the third electrode 4 are 
negative. at small amount of current ?ows in a direction 
reverse to that for effecting the clcctrodeposition paint 
coating. If this reverse current passes through the metal 
to be coated. not only the electrodeposited ?lm is redis 
solved. but also hydrogen is generated by the cathodic 
electrolysis. ln the modification of present invention. 
this reverse current is made to pass through the third 
electrode. thus eliminating the above defect. Namely. 
because the third electrode is an oxide film electrode. 
the current easily passes when it serves as a cathode 
while the current does not easily pass through the sur 
face ofthe metal to be coated because of the electrode 
positcd coating ?lm. Thus. the bath current passes 
mainly through the third electrode. Therefore. the hy 
drogen gas generation due to the cathodic electrolysis 
is caused on the surface of the third electrode. 

In this way. pin holes in the paint coating film due to 
the gas generation on the surface of the metal to be 
paint coated, or foams in the coating ?lm are remark 
ably reduced. 
However. when the third electrode is used. a small 

amount of current passes from the third electrode when 
it serves as anode. and this current is of use for electro 
deposition paint coating. thus lowering the amount of 
coating clectrodeposited per unit current passage. Thus 
there is an optinum range for the ratio of the surface 
area of the third electrode to the metal to be paint 
coated. FIG. 12 shows the relation between the ratio of 
the surface area a and the number of the pin holes in ~ 
the coating ?lm. The solid line represents the relation 
before the baking and the dotted line represents the re 
lation after the baking. From this ?gure. it is clear that 
the ratio a should be log 10 0‘ § ——5. The relation be~ 
tween the coulombic efficiency (the amount of electro 
deposited coating (mg) pen unit current passage (per 
1 coulomb)) and the area ratio of the third electrode 
is shown in FIG. 13. It is clear that the increased area 
ratio lowers the efficiency. and particularly when the 
ratio is larger than —1 (==log 10“) a rapid lowering is 
caused and the lowering is moderated when the ratio is 
1(= log 10") or more. From a view point of industrial 
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-<- t) is better. thus the range of the value. log It) a __ 

area ratio is: 

As shown in FIG. 10. the connection of the third 
electrode to the metal to be coated may be preferably 
done through a variable resistor for better current bal~ 
ance between the third electrode and the metal to be 
coated. and in some cases for precision control of the 
amount of the electrodeposited paint coating. The ca 
pacity of the resistor may be 0 ~ 200 K9 for presently 
available paints and it is enough if the resistor can flow 
the current corresponding to l0 percent of the bath 
current. 

Lastly. regarding the shape and position of the third 
electrode. it is preferable from better efficiency‘ that 
the third electrode is positioned up to 3/5 L(m) (corre 
sponding to the slant lined portion in FlG. 14) from the 
metal to be coated supposing the distance between the 
metal and the counter-electrode is L(m). Regarding 
the shape of the third electrode. it is preferable that the 
electrode has some measures such as perforation be 
cause ifa plate-form electrode is positioned in parallel 
the current for clcctrodeposition is hindered. From a 
point of equipment ef?ciency. a round bar form of 
electrode is preferred for stability and draining of the 
bath solution at the suspension of the operation. FIG. 
14 shows one example. 
As explained above. with the use of the third elec 

trode pin holes or foams are prevented from taking 
place in the paint coating ?lm. thus solving one of the 
big problems of the a.c. clcctrodeposition paint coat~ 
ing. 
Meanwhile. when an electrode commonly used for 

electrolysis is used as the third electrode. it is necessary 
that a rectifying element 107 such as of silicon. germa 
nium. selenium. etc. and a variable resistor 105 by ori 
enting the rectifying element are connected is series in 
such a direction that the current ?ows in the direction 
108 as shown in FIG. 15. In this case. the capacity of 
the rectifying element or the resistor should be large 
enough to pass the current corresponding to l/10 of the 
bath current. 
The electrode commonly used for electrolysis re 

ferred to above means an electrode of a metal which 
does not react with water such as stainless steel. lead. 
nickel. chromium. iron. silver. platinum. etc. or of non 
mctallic material such as carbon. 
As has been explained above. the clcctrodeposition 

painting by a.c. of the present invention is a very excel 
lent as well as practical process with a wide range of ap 
plication. 

EXAMPLE 1 

A tantalum oxide ?lm electrode having a 2700 A 
thick oxide ?lm to be used in the process of this inven_ 
tion was prepared as follows: A 10cm X 10cm plate of 
tantalum was treated by immersing for 10 sec. in a 
mixed solution of H2804. HNQ, and HF in a ratio of 5 
: 2 : 2. and an oxide ?lm was formed on the surface by 
the anodic oxidation with a carbon cathode in a 15 per 
cent boric acid solution at 70°C. applying a voltage of 
about 5V at the beginning which was increased gradu 
ally up to 180V in 60 min. and maintained at the volt 
age for 20 min. Subsequently the plate was washed with 
water and then dried. 
With the above tantalum oxide ?lm electrode as 

counter-electrode. a 10cm X lOcm aluminum material 
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(with one side sealed and having a 0.12,u. thick oxide 
?lm) placed at a distance of 10cm from the counter 
electrode was coated by electrodeposition for 5 sec. 
using the commercial sinusoidal ac. voltage of 100V 
and 50 c.p.s. in a coating bath containing acrylic resin 
of the d.c. anode deposition type. As a result. the coat 
ing material was deposited by 58.1 mg/dm" and the 
quantity of electricity involved in the treatment. as 
measured from the current form on an oscilloscope. 
was calculated according to the following expression. 
to be 3.09 couI/dm2 (see (iii) in FIG. 1). 
Q = Q" + 0!; _ Q,‘ 

where 0 is the effective quantity of electricity. 0,, and 
0,, are the quantity of electricity of the current in phase 
with the applied bath voltage. and 0,. is the quantity of 
electricity of the current in inverse phase with the ap 
plied bath voltage (or the quantity of electricity once 
charged in the electrode and then discharged). 

0,, = 3.10 (coul/dm2). 0,, = 0.10 (coul/dm2). 

therefore. 0 = 3.10 + 0.10 — 0.11: 3.09 (couI/dm") 
Consequently. the coulombic efficiency of the pro 

cess of the present invention was 58.1 (mg/dm2)/3.09 
(couI/dm'-’) = 18.8 (mg/coul). which was equal to the 
coulombic ef?ciency in the d.c. electrodeposition coat 
mg. 

COATING BATH OF ACRYLIC RESIN 

1. Acrylic resin was the major constituent with the 
solid content of the bath being 15 percent. Bath 
temperature 20°C. Emulsion type. 

2. The coulombic efficiency when an aluminum ma 
terial having a 0.12p. thick oxide ?lm was coated by 
electrodeposition for 5 sec. using a 70V d.c. ap 
plied bath voltage was 18.8 mg/coul. 

For the sake of comparison. a platinum plate. a stain 
less steel (SUS 27) and pure aluminum (having a 0.1211. 
thick oxide film) which had not the quality required for 
the process of this invention were used as counter 
clcctrode, and the electrodeposition painting was per 
formed by ac. under the same conditions of bath as 
well as painting. In any case the coulombic efficiency 
remained below- 0.2 percent. 

EXAMPLE 2 

An aluminum oxide ?lm electrode (having 10.511. 
thick oxide ?lm) to be used in the present invention 
was prepared as follows: A 10cm >< 10cm pure alumi 
num plate was kept for 3 min. in a 5 percent oxalic acid 
solution with a 5V voltage applied until the current de 
creased to a steady state. The voltage was then ele 
vated. under the precaution not to change the current 
seriously. to 100V in about 60 min. Kept standing for 
10 min., washed with water and dried. 
With the said aluminum oxide ?lm electrode as coun 

ter-electrode. a 10cm >< 10cm aluminum material (with 
one side sealed and having a 0.12;’. thick oxide ?lm) 
placed oppositely at a distance of 10cm from the coun 
ter-electrode was coated by electrodeposition for 5 sec. 
using the commercial sinusoidal ac. voltage of 100V 
and 50 c.p.s. in a coating bath containing acrylic resin 
of the d.c. anode deposition type. As a result, the paint 
material was deposited by 60.3 mg/dm2. 
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COATING BATH OF ACRYLIC RESIN 
Major constituent : Acrylic resin 
Solid content of bath: 1571 
State of bath : Emulsion type 
pH of bath : 7.90 
Bath temperature : 20°C 
Coulomhic efficiency in this bath by the d.c. 

method : 18.8 mg/coul when an aluminum 
material (having 0.12;; thick oxide ?lm) 
was coated by electrodeposition for 5 sec. 
at the d.c. applied bath voltage 70\'. 

The quantity of electricity involved in the treatment, 
as measured from the current form on an oscilloscope, 
was calculated according to the following expression, 
to be 3.21 (coul/dmz), 
0 = 0,, + 0,, — 0, (see (iii) in FIG. 1), where Q is 

the effective quantity of electricity, 0,, and Q’, are 
the quantity of electricity of the current in phase of 
the applied bath voltage, and 0, is the quantity of 
electricity of the current in inverse phase of the ap- ‘ 
plied bath voltage, and 

0,, = 3.22. O’, = 0.07, 0,. = 0.08 and 0 = 3.21 
Consequently, the coulombic ef?ciency of the pro 

cess of the present invention was 60.3 (mg/dm2)/3.2l 
(coul/dm"') = 18.8 (mg/coul) which was equal to the 
coulombic efficiency in the d.c. electrodeposition coat 
mg. 
The ratio of the coulombic ef?ciencies was calcu 

lated to be 100 percent by the following expression. 
Ratio of coulombic efficiency 

Coulomhic ef?ciencv in the process of this invention 
Coulomhic efficiency in the d.c. process K 100 

18.8 
ll X I00= 100(71) 

EXAMPLE 3 

A titanium oxide ?lm electrode to be used as coun 
ter-electrode of the process of this invention was pre 
pared as follows: A 0.1 mm thick 10cm X 10cm foil of ‘ 
pure titanium was treated, after degreasing. with 2 per 
cent hydrofluoric acid for 3 min. to dissolve impure ox 
ide, electrolytically cleansed (with the current density 
0.5A/dm2) in an aqueous solution containing 10 per 
cent sulfuric, 7 percent phosphoric and 18 percent 
acetic acids. anodically oxidized by a current of 
0.1A/dm2 in a 10 percent solution of phosphoric acid 
in glacial acetic acid, and then electrolytically oxidized 
by a current of 0.1A/dm2 followed by heating at 300°C 
in the air to coat the surface with an oxide ?lm. the film 
being 2/1. thick. 
With the titanium oxide ?lm electrode as a counter 

clectrode, a 10cm X 10cm aluminum material (with 
one side sealed and having a 0.12;; thick oxide film) 
placed oppositely at a distance of 10cm from the coun 
ter-electrode was coated by electrodeposition for 5 sec. 
using the commercial sinusoidal ac. voltage of 100V 
and 50 c.p.s. in a coating bath containing acrylic resin 
of the d.c. anode deposition type. As a result, the coat 
ing material was deposited by 46.3 mg/dm". 

COATING BATH OF ACRYLIC RESIN 

Major constituent : Acrylic resin 
Solid content of bath: 1592 
State of bath: Emulsion type 
pH of bath : 7.90 
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-Continued 
Bath temperature : 20°C 
Coulomhic efficiency in this bath by the dc 

method : 18.8 mg/coul when an aluminum 
material (having a 0.12p. thick oxide film) 
was coated by electrodeposition for 5 sec. 
at the dc applied bath voltage 70\'. 

The quantity of electricity involved in the treatment. 
as measured from the current form on an oscilloscope. 
was calculated according to the following expression. 
to be 3.21 (coul/dm"). 

(see (iii) in FIG. 1). where 0 is the effective quantity 
of electricity. 0,, and 0,, are the quantity of electricity 
of the current in phase of the applied bath voltage. and 
0.. is the quantity of electricity of the current in inverse 
phase of the applied bath voltage. and 

0,, = 3.17. 0,, = 0.10 and 0.. = 0.06 
Consequently. the coulombic efficiency in the elec 

trodeposition coating by a.c. using the counter 
electrode of this invention was 46.3 (mg/dm2)/3.2l 
(coul/dmz) = 14.4 (mg/coul). 
The ratio of the coulombic efficiencies was calcu 

lated to be 76 percent by the following expression. 
Ratio of coulombic efficiency 

Coulomhic efficiency in the process of this invention m0 
_ Coulomhic efficiency in the dc. process A 

EXAMPLE 4 

Using the tantalum oxide ?lm electrode (with 0.27M 
thick oxide film) prepared according to Example 1 and 

a platinum electrode for the purpose of comparison counter-electrodes. electrodeposition painting was 

conducted by a.c. with the following four materials. 
Metal specimens to be coated by electrodeposition 
(10cm X 10cm. with one side sealed) 

1. Bonde zinc-plated iron plate: Amount of bonde 
film (1.2 glmg) Amount of zinc plated (183 g/m2) 

2. Tin-plated iron plate (ET No. 25): Commercial 
electro tin-plated iron plate Amount of tin plated 
(lb/BB) 

3. Fe (substrate for plating): Cold rolled in steel 
plate, with oil application 

4. Tin-free sheet: Amount of chromium plated (me 
tallic chromium 1.00 mglmz. chromate chromium 
4.0 mg/mz) 

The acrylic resin bath was used as the coating bath 
and the electrodeposition coating was performed for 5 
see. with a distance of 10cm between electrodes by the 
commercial 100V and 50 c.p.s. sinusoidal a.c. source. 

ACRYLIC RESIN COATING BATH 

Major constituent : Acrylic resin 
Solid content of bath: 1571 
State of bath : Emulsion type 
pH of bath : 7.90 

25°C Bath temperature : 
Coulomhic efficiency by the do method in this 

bath : 18.8 mg/coul when an aluminum 
material having a 0.12;; thick oxide ?lm was 
coated by electrodeposition for 5 sec. at 
a dc. hath voltage 70\-’. 
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The amount of coating material. the quantity of elec 

tricity required for the electrodeposition painting and 
the coulombic efficiency. or the amount of the coating 
material divided by the quantity of electricity. are 
shown in Tables 4 and 5 for the tantalum oxide ?lm 
electrode and the platinum electrode. respectively, 
used as counter-electrode. 
The quantity of electricity. the coulombic efficiency 

and the ratio in percentage of coulombic efficiencies 
are those obtained according to calculation in Exam 
ples l. 2 and 3. 

Table 4 

With a tantalum oxide film electrode 
as counter-electrode 

Bonderized Tin-plated Fe Tin 
zinc-plated iron plate (substrate free 
iron plate (ET No. for sheet 

25) plating) 

Amount of 
coating 
material 60.0 62.0 (11.0 68.5 
deposited 
(mg/dm") 
Quantity of 
electricity 3.19 3.30 3.24 3.614 
(coul/d m") 
Coulomliic 
efficiency 18.8 18.8 18.8 18.8 
(mg/coul) 
Ratio of 
coulombic lUU I00 100 100 
efficiencies 

(if 1 

Table 5 _ 

With a platinum electrode as counter 
electrode 

Bonderiled Tin—plated Fe(subst- Tin 
7inc‘plated iron plate rate for free 
iron plate (EIiNo. plating) sheet 

_. l 

Amount of 
coating 
material 1 4 2.1 2 2 1.3 
deposited 
(mgldmz) 
Quantitv of 
electricity 7.10 7.20 6.90 8.00 
(coul/dm’) 
Coulombic 
efficiency 0.2 0.3 (1.3 0.1 
(mg/coul) 
Ratio of 
coulombic l 2 2 1 
efficiencies 
(‘7r ) 

EXAMPLE 5 

Using the aluminum oxide film electrode (with 10.511. 
thick oxide film) prepared according to Example 2. and 
a stainless steel electrode (10cm X 10cm. SUS 27) and 
a pure aluminum electrode (commercial material. no 
pretreatment. oxide film not thicker than 0.2a) for 
comparison purpose as counter-electrode. electrode 
position coating was conducted for 5 see. with an elec 
trolytically tin-plated iron plate (commercially avail 
able tin-plated iron plate with plated tin by 0.24 lb/BB) 
of a dimension 10cm >< 10cm (one side sealed) placed 
at a 10cm distance from the counter-electrode by the 
commercial 100V. 50 c.p.s. sinusoidal a.c. voltage in a 
coating bath of acrylic resin. 



l5 
COATING BATH OF ACRYLIC RESIN‘ 

Major constituent : Acrylic resin 
Solid content of bath : 15G diff , . . ) . ' . t 2 v 
Sum: “f hath 2 Emulsiun UPC crent baths ( f coating materials. 
pH of bath : 7.90 ‘ - . 

Bath temperature : 25°C 5 Table 8 
(‘oulomhic efficiency by the dc method in this 

hath : 18.9 mg/coul when a tin-plated iron El‘ "t d - is't' ‘ zt' ' b ' a. . ' I 1 
plate (ET No. 25) was coated by the electro- ut'llzlkl‘rll?llglliltt‘ihlldgg?llil elceciitot'jiege 
deposition for 5 sec. at d.c. 7()\'. i ' 

After the plate was baked for 20 min.' at 2l0°C. the PM-"em" Mulm "ll EPMYL‘SWI' Alkyd 
amount of the coating material deposited was mea- |() Coming 
sured and the coulombic efficiency was calculated Tllk‘rillld 48-?‘ *3 (l 50-4 60.2 

- . . _ - _> I I 

from the quantity of electricity passed. The coulombic efficiency only when the aluminum oxide ?lm elec- Quantityof 
\ s ' 7 

trode was used was equal to that for the dc. method. 3'3 8'4 "8 4'8 
as observed in Table 6. l5 (‘oulomhic 

Table 6 

Ac electrodeposition coating of a tin-plated 
iron plate (ET No. 25) using various counter-electrodes 

Electrode of Electrode other than 
this invention of this invention 

Aluminum oxide Stainless steel Aluminum 
?lm electrode (SL’S Z7Jelectrode (oxide ?lm 

less than 0.2;; 
thickness) 

Coating 
material (10.9 ‘.0 I18 
deposited 
(mg/dm") 
Quantity ol~ 
electricity 3.22 7.0 6.0 
teoul/dmul 
('oulomhic 
efficiency I85) 0.3 ll 
(mg/coal) 
Ratio ol~ 
coulombic HRH) 2 l I 
efficiency 
(In 

EXAMPLE 6 ef?ciency 14.x 6.2 17.8 12.5 
. . . (mg/coul) 

Using the tantalum oxide ?lm electrode (having a Rammr 
027p. thick oxide ?lm) prepared according to Example 40 ) "m “m m" “m 

. . . ‘ " 1 

l as counter-electrode. an aluminum material (having ' ' 

a 0. I 2y. thick oxide ?lm) ofa dimension l0cm X l0cm 
(one side sealed) placed oppositely at a l0cm distance EXAMPLE 7 . 
from the counter-electrode was coated for 5 sec. by the Using the aluminum Oxide ?lm deem-Ode (having a 
clectrodepositionin4different baths ofcoating matcri- 4s |Q_5,L thick oxide film) appearing in Example 2 as 
ills shm‘f" "1 Table 7 b)‘ the commerclal 100V and 50 _ counter-electrode. a l0cm >< l0cm (one side sealed) 
C-P-S- smPsoldal "l-c- ‘lolmge- The Plate owas the" aluminum material (commercially available material 
washed with water. baked for 20 mm. at 210 C and the with an Oxide mm not. thicker than 012,‘) pmced 0p. 
ilmoulft 0f lheocoatmg mafenal depqslled was mea' positely at a l0cm distance from the counter-electrode 
Sllfed "1 mg/dfW- The quantity ofelccmclty Passe‘? “'35 50 was coated by electrodeposition for 5 sec. in a coating 
calculated as in Example l to obtain the coulombic ef~ ' bath of a|kyd resin (Shown in Table 7) using the com_ - 
?clency- mercial lOOV 50 c.p.‘s. sinusoidal a.c. voltage. The alu 

Table 7 minu'mlplate after the above treatment was washed 
. . . . with water. baked for 20 min. at 210°C and then the 

Baths of coatmg materials (in outlme) . . . 
55 amount of the coating material deposlted was mea 

MYCS‘" Mulfic I Emxl'cst‘" AIR)“ sured. The qu‘antityof electricity passed was calculated 
0' as in Example 1. from which the coulombic ef?ciency 

Major Oil-free Maleated Epoxyester Alkyd was calculated‘ 
constituent olvester . . 

p r55“, ml mm min For the sake of comparison with the process of the 
i‘fllkljflnmnlffl‘“ my; 15,’; ‘5,4 15,”, 60 present invention, a stainless steel plate, a platinum 
State of bath Water- Water- Water- Water~ Plate aPd an alu‘mmum plate (Von-treated pure alum!‘ 

Soluble Soluble Soluhl? M11122,“ num with an oxide ?lm not thicker than 0.2a) of the 
pH "Hmlh 6'47 7‘70 9'“) " same dimension. l0cm X l0cm. were used as counter 
Coulomhic _. . . 

efficiency by 14.8 6.2 17.24 13.5 electrode. and the electrodeposition coating by a.c. 
d-c- mvlllwd 65 were performed under the identical condition to obtain 
‘mg/cm‘ ) the coulombic efficiency. Table 9 shows the result. As 
Coulomhic e?iciency by dc. method: 

(‘oulombic cf?ciency observed when an aluminum 
material (having a 0.12;; thick oxide film) was 
coated for 5 sec. by the electrodeposition 
using 7(l\' d.c. voltage. 

3,878,078 
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Table 8 shows the results. The same coulombic effi 
ciencies as those by the dc. method are obtained for 

seen in the table. only the aluminum oxide film elec 
trode of the process of this invention shows the same 
coulombic efficiency. 12.5 mg/coul. as by the dc. 
method. 
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Table 9 

Present 
lnventive Electrode other than of the 
Electrode present invention 

Aluminum Stainless Platinum Aluminum 
oxide film steel electrode electrode 
electrode electrode 

Coating 
material 
deposited 52.0 < 1.0 < 1.0 < 1.0 
(mg/dm") 
Quantity of 
electricity 4.1 8.2 8.4 7.3 
(coal/din") 
Coulombic 
efficiency 12.6 <02 <0.2 <0.2 
(mg/coal) 

EXAMPLE 8 

Using the tantalum oxide film electrode (having a _ 

18 
EXAMPLE 9 

Using the tantalum oxide ?lm electrode (having a 
2700A thick oxide film) prepared in the manner as de 
scribed in Example 1 as counter-electrode. a plate of 
electrolytically tin-plated iron (commercial material 
having tin plated in 0.24 lb/B.B) of a dimension 10cm 
X 10cm (one side scaled) placed oppositely against the 
counter-electrode at a 5cm distance was coated for 5 
see. by the electrodeposition in an acrylic resin bath 
(the same as in Example 1 ) at a l00\' a.c. voltage by 
means of a source which generated sinusoidal a.c. of 
20. 150. 300 and 600 c.p.s. The plate was then washed 
with water. baked for 20min. at 210°C. and the amount 
of the coating material deposited was measured in 
mg/dmz. On the other hand. the quantity of electricity 
passed was measured as in Example 1. which gave the 
coulombic efficiency. The results are shown in Table 
l l. Apparently. sufficiently high coulombic efficiencies 
in the practical sense are maintained regardless of var 
ied frequencies. 

Table l I 

Effect of frequencies of electric source on 
the process of the present invention 

20 c.p.s. 150 c.p.s. 300 c.p.s. 600 cps. 

Amount of coating 
material deposited 

(mg/(1mg) 58.3 59.2 ML] 58.} 
Quantity of 
electricity passed 

(coul/dm’] 3.1‘) U3 3.18 3.13 
Coulombic 
efficiency 18.3 18.9 18.‘) 18.6 

0.27;/. thick oxide film) prepared according to the pro- EXAMPLE l0 
cess in Example 1 counter-electrode. an electrolyti 
cally tin-plated iron plate (commercially available ma 
tcrial with an amount of tin-plated 0.24 lb/BB) of a di 
mension 10cm >< 10cm (one side scaled) placed oppo 
sitely at a distance of 10cm from the counter-electrode 
was coated by the elcctrodeposition for 5 sec. using the 
commercial I00. 200 and 300V a.c. voltage (50 c.p.s.) 
in an alkyd resin coating bath (bath temperature 20°C. 
see Table 7). washed with water. baked for 20 min. at 
210°C. and then the amount of the coating material de 
posited (mg/dm2) was measured. 
The quantity of electricity passed (coul/dm2) was cal 

culated in the manner as explained in Example 1 to ob 
tain the coulombic efficiency. 
Table 10 shows the result. Obviously. the rate of de 

position of coating material could be improved without 
lowering the coulombic efficiency by elevating the ap 
plied bath voltage. 

Table 10 

Rate of deposition of coating material 
controlled by the applied a.c. bath voltage 

Bath voltage 100V 200V 300\’ 
(effective value) 

Amount of coating 
material deposition 

(mg/dm”) 50.1 110.1 160.3 
Quantity of 
electricity (coul/dm'-’) 3.94 8.46 - 12.6 
Coulombic e?'iciency 12.7 13.0 12.7 
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Using the aluminum oxide film electrode (having a 
10.5;1. thick oxide ?lm) shown in Example 2 as counter 
electrode. an aluminum material (commercially avail 
able untreated pure aluminum with an oxide ?lm not 
thicker than 0.12p.) ofa dimension 10cm X 10cm (one 
side sealed) placed oppositely against the counter 
electrode at a 10cm distance was coated by the electro 
deposition for 5 sec. in an epoxyester resin bath (the 
same bath as shown in Example 1 ) by the saw-tooth a.c. 
voltage shown in FIG. 10. The aluminum was washed 
with water. baked for 20 min. at 210°C. and the amount 
of the coating material deposited was measured to be 
50.0 mg/dmz. 
The 'quantity of electricity passed Q was estimated as 

the difference of the quantity of electricity (0” + 0,,) 
due to current in phase with the applied bath voltage 
and the quantity‘of electricity Q,- due to current in in 
verse phase with the applied bath voltage. Thus. 
0 = 0,, + 0,, — 0,. = 2.82 + 0.05 —- 0.06 = 2.81 

(coul/dmz) 
The amount of the coating material deposited divided 
by the above quantity of electricity passed gave the 
coulombic efficiency, 

50.0 (mg/dm2) +2.81 (coul/dm‘l) z 17.8 (mg/coul) 
this value being almost equal to the coulombic effi 
ciency 17.8 by the dc. method. 

EXAMPLE 11 

A tantalum oxide ?lm electrode having a 2.1a thick 
oxide film to be used in the process of this invention 










