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ABSTRACT: The twice electrodeposition (ED) coating is defined as that by which the
primer was coated on the metallic material by ED, then the topcoat was coated on the
wet, uncured primer by ED again. It can be observed by the distinction of deposition
yield and the change of current density during each process. The main object of this
method is to improve anticorrosion and weather resistance of coating film simultane-
ously. Comparing the physical and chemical properties, it was found that the film
obtained by the twice ED coating has superior weather resistance to the one-coat
electrodeposited film formed by a coemulsion. q 1997 John Wiley & Sons, Inc. J Appl Polym
Sci 65: 233–240, 1997

INTRODUCTION used for coating the acrylic resin film upon the
wet, uncured film of tertiary amine–epoxy resin
adduct to form the likely double-layer film. TheGenerally, resins used for the matrix of electro-
purpose of this method is to make sure that thecoating include epoxy resin,1–4 acrylic resin,5–7

required characteristics can appear in the correcttheir copolymer,8–9 and polyurethane resin.10 Be-
level, that is, the glossiness and weather resis-cause of good anticorrosion and adhesion proper-
tance in the surface level (topcoat) and the anti-ties, epoxy resin is usually used as the primer in
corrosion and adhesion in the base level (primer).the automobile. On the contrary, acrylic resin

The above-mentioned tertiary amine–epoxyused as the topcoat has the properties of good
resin adduct was prepared by reacting diglycidylglossiness and weather resistance. Recently, the
ether of bisphenol A (DGEBA) already graftedone-coat electrodeposited film containing epoxy
by the blocked diisocyanate compound, with N-and acrylic resin has been reported.11–13 It was
methyl ethanol amine. Meanwhile, the acrylicfound that the method can be improved the prop-
resin was synthesized by the radical copolymer-erties of the deposited film.14,15 Since the compati-
ization of styrene, n -butyl acrylate, 2-hydroxybility of resins in the coemulsion and the differ-
ethyl methacrylate, N- (n -butoxy methyl) acry-ence of the deposition rate of each resin may be
lamid, and N,N-dimethyl amino ethyl methacry-occurred, the resin composition of film after con-

tinuous electrodeposition is not the same as the late. Neutralization of these resins is accom-
original coemulsion. Therefore, the reappearance plished by reacting all of the amino groups in the
of properties cannot be controlled correctly. matrix with an organic acid, followed by dispers-

In this study, the secondary ED coating was ing to prepare the cationic emulsion.
The basic electrochemical properties of each

emulsion were investigated first. Then, the dis-
Correspondence to: Chin-Ping Yang. tinction of deposition yield and the change of cur-Contract grant sponsor: National Science Council of

rent density were measured to be approved theR.O.C.; contract grant number: NSC 82-0405-E-036-011
q 1997 John Wiley & Sons, Inc. CCC 0021-8995/97/020233-08 possibility of twice ED coating. In addition, the
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physical and chemical properties of one-coat film Acrylic Resin (Resin A)
electrically deposited by a coemulsion containing

Into a reactor equipped with condenser, stirrer,the above resins were also observed for compar-
thermometer, and dropping funnel 150 g BCSison.
were charged and heated to 807C. Then, a mixture
of 48 g (0.46 mol) St, 100 g (0.78 mol) BA, 40 g
(0.308 mol) HEMA, 80 g (0.512 mol) NBMA, 16EXPERIMENTAL
g (0.1 mol) DMAEMA, and 3.4 g AIBN was added
to the reactor over a period of 3 h. The reactionMaterial
was held at 100–1107C for additional 3 h. The

All agents are used as received. The epoxy resin is final nonvolatile of the mixture was 66.5 wt %.
Epon 1004 (Shell Co. USA) having the equivalent All reaction equations are shown in Scheme 1.
weight of per epoxy group of 900–1000. The cross-
linking agent and blocking agent are toluene di-

Preparation of Emulsion for Electrodepositionisocyanate (TDI; 2,4/2,6 mix.) and 2-ethyl hexa-
nol (2EH), respectively. N-methyl ethanol amine The electrodepositable emulsion of resin T was
(MEA) is used as ring-opening, and the neutral- prepared by charging 30 g of resin T into a suit-
izer is acetic acid. able vessel with stirrer and heated to the soft

The acrylic resin was prepared by monomers, point, followed by adding 15 g of BCS to the vessel
including styrene (St), n -butyl acrylate (BA), 2- and mixing completely. Then, a calculated
hydroxy ethyl methacrylate (HEMA), N- (n -bu- amount of acetic acid was added for 100% neutral-
toxy methyl) acrylamide (NBMA), and N,N-di- ization to form the cationic resin T, referred to as
methyl amine ethyl methacrylat (DMAEMA); resin CT. After the mixture was cooled to room
and the neutralizer is lactic acid. Ethylene glycol temperature, 255 g of deionized water was added
mono-butyl ether (BCS) is used as the coalescing slowly, and the mixture was stirred completely to
solvent. The initiator is AIBN (2,2*-azobisisobu- form the stable, electrodepositable emulsion CT
tyronitrile) . having the resin concentration of 10 wt % and

BCS content of 5 wt %.
In addition, emulsion CA was prepared by fullySyntheses

neutralizing 45 g of resin A with lactic acid to
Tertiary Amine–Epoxy Resin Adduct (Resin T) form the cationic resin A, referred to as resin CA,

and then dispersing this resin CA with 255 g ofFirst, 2EH–half-blocked TDI was prepared by
deionized water. The resin concentration and BCScharging 75.86 g (0.43 mol) TDI into a suitable
content of emulsion are also 10 and 5 wt %, respec-reactor vessel with an electric stirrer under a ni-
tively.trogen blanket. Then, 56.68 g (0.436 mol) 2EH

was added slowly to the vessel and kept the reac-
tion temperature under 187C. Upon completion of Twice Electrodeposition Coating
the addition, the temperature of mixture was held
at 407C for another 1 h. A piece of aluminum plate diving into two parts

having the same surface area (A cm2) and weightTwo hundred grams of Epon 1004 and 400 mL
toluene were charged into a suitable reactor ves- (W0 mg) is completely immersed into emulsion CT

and then connected with cathode of a direct cur-sel with stirrer and water remover and heated to
the reflux temperature for removing azeotropi- rent (DC) power supplier. Two stainless strips

are used as anode and located each side of thecally any water present. The reaction mixture was
cooled to 807C, followed by the addition of 2EH– aluminum plate in the bath. When a fixed voltage

is applied, ED coating was begins, and the resinhalf-blocked TDI under a nitrogen blanket. After
the addition was completely charged, the mixture is continuously deposited on the surface of the

aluminum plate during the assigned time. Afterwas held at this temperature for an additional 3
h. Then, 15.79 g (0.21 mol) MEA was added slowly completion, the film-contained plate is removed

from the bath and rinsed to obtain wet primer.to the mixture for ring-opening reaction. This step
was kept at 80–907C for 3 h. Finally, the tertiary One part of the aluminum plate is then immersed

into emulsion CA for the secondary ED coating.amine–epoxy resin adduct (Resin T) was ob-
tained when toluene was remove from the product The process is same as that mentioned above. Fi-

nally, these plates bake at 1807C for 30 min. Now,by reduced pressure distillation.
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the weight of the part only containing the primer RESULT AND DISCUSSION
is W1 and the weight of another part proceeding
twice ED coating is W2 . Thus, the deposition yield Electrochemical Properties of Each Emulsion
(mg/cm2) of primer is (W1 0 W0) /A and the total
deposition yield of final film is (W2 0 W0) /A. The Under the following conditions, a stable emulsion

CT and emulsion CA can be obtained. These con-difference of both is the deposition yield of the
secondary ED coating. ditions are 100% neutralization, 10 wt % resin
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Table I Electrical Characteristics of Emulsions the redissolution rate of the deposited film so that
CT and CA the deposition yield increases to a limitation. On

the other hand, the electric insulation of the poly-
Electrical Characteristics meric film increases when the film grows up dur-

ing ED coating. Moreover, the deposition yield of
Conductivity Rupture emulsion CA is higher than that of emulsion CTEmulsion pH (mII01/cm) Voltage (V)

at the same applied voltage and deposition time.
In general, the higher the applied voltage, theEmulsion CT 4.5 0.56 ú 420a

more potential is gained in the system. Thus, theEmulsion CA 3.1 0.59 390
more thickness of film can be formed. Figure 3

a The maximum output voltage of the power supplier can shows the relationship between the applied volt-
be supplied in our laboratory. age and the deposition yield at the same deposi-

tion time. The results follow the above explana-
tion, but the increment tendency of emulsion CTconcentration, and 5 wt % BCS content in the

emulsion. The electrochemical properties of emul- is not apparent.
Simultaneously, the change of current densitysion CT and emulsion CA are shown in Table I.

It is found that pH of emulsion CT is slightly with time during ED coating is observed, as
shown in Figure 4. It was found that the maxi-higher than that of emulsion CA, but the bath

conductivity of both emulsions are close. More- mum current density occurs at the beginning,
which accounts for the fastest deposition rate ofover, the rupture voltage,16 which occurs during

deposition at high voltage and is usually ascribed resin at this time. The current density, then, de-
creases immediately due to the growth of the res-merely to gas evolution from the electrolysis of

water, is actually caused by electric discharge, as inous film. Finally, it reduces to a minimum.
Pierce et al.17 reported that the area under theshown in Table I. As a result, the rupture voltage

of emulsion CT is higher than that of emulsion current density can represent the deposition
yield. Consequently, the order of the depositionCA and both are higher than 390 volts. However,

this result indicates that as the applied voltage is yield is emulsion CA ú emulsion CT because the
order of area under the curve in Figure 4 is emul-below 200 volts, the defect of deposited film will

never occur due to the rupture voltage. sion CA ú emulsion CT. The above result is the
same as that shown in Figure 2. On the otherFor ED coating, the thickness of film is directly

affected by the resin concentration of emulsion,
the deposition time, and the applied voltage.
Hereafter, the thickness of film is replaced by the
deposition yield (mg/cm2) in the sequential dis-
cussion. For the same emulsion under the same
applied voltage, the deposition yield of film in-
creases with the increase of resin concentration
of its emulsion, as shown in Figure 1. The result
is caused by the increase of the ionized resin parti-
cles in the emulsion at the higher resin concentra-
tion; but if the resin concentration is too high,
it creates the problem of viscosity and makes
the electrodeposition properties unusual. Conse-
quently, the suitable resin concentration of emul-
sion is about 10–20 wt %. In addition, it is shown
that the deposition yield of emulsion CA is always
higher than that of emulsion CT at the same resin
concentration.

Figure 2 shows the effect of deposition time on
the deposition yield. It appears that the deposi-
tion yield increases with the increment of deposi-
tion time and finally tends to a limitation. The Figure 1 The effect of resin concentration of emulsion
result obtained indicates that the film-forming on deposition yield: applied voltage, 150 V; deposition

time, 3 min.rate becomes diminishing and finally balances to
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Figure 2 The effect of deposition time on deposition Figure 4 The change of current density with time
yield: resin concentration of emulsion, 10 wt %; applied during primer electrodeposition: applied voltage, 150
voltage, 150 V. V; resin concentration of emulsion, 10 wt %.

hand, the order of residual current density is
type wet film has better electrical conductivityemulsion CA ú emulsion CT. It means that the
than the epoxy resin-type wet film.electric resistance between electrodes (i.e., depos-

So far, the discussions are concerned with theited film plus emulsion bath) in the emulsion CA
basic properties of each emulsion. It concludesis smaller than that of the emulsion CT bath. The
that emulsion CA can get the higher depositionresult obtained indicated that the acrylic resin-
yield than emulsion CT; meanwhile, its wet film
has better electric insulation.

Twice Electrodeposition Coating

Now, the twice ED coating formed by emulsion CT
and emulsion CA is investigated. First, a series of
different deposition yield (i.e., different thick-
ness) of emulsion CT, referred as the primer, were
electrically deposited on the metallic substrate;
then the film formed by emulsion CA, referred as
the topcoat, was deposited on the wet primer by
the secondary (topcoat) ED coating. The possibil-
ity of twice ED coating can be approved by mea-
suring the difference of deposition yield between
the primer and final film (primer / topcoat); the
results are shown in Figure 5. From the difference
between the total deposition yield (m ) and the
deposition yield of primer (shadow), it is shown
that the secondary ED coating can truly occur
when the primer keeps wet; and its deposition
yield stays below 1.70 mg/cm2. The depositionFigure 3 The effect of applied voltage on deposition
yield of the topcoat decreases with the increaseyield: resin concentration of emulsion, 10 wt %; deposi-

tion time, 3 min. of the deposition yield of the primer because the
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The Comparison Between Film Obtained by Twice
ED Coating and Coemulsion

A one-coat film containing two different resins,
resin T and resin A, can be electrically deposited
by a coemulsion obtained by mixing emulsion CT
and emulsion CA. The resin composition of this
one-coat film can be determined complicatedly by
the quantitative analysis of Fourier-transform in-
frared (FTIR) spectroscopy. In previous stud-
ies,14,15 it has reported that the resin composition
of one-coat film is same as that of the coemulsion
used. Thus, the resin composition of one-coat film
can be represented directly by the coemulsion. For
twice ED coating, the resin composition of film
can be easily determined by the deposition yield
of each process. Here, we notice that the deposited
film is resin T or resin A, but the resin in the
emulsion is the cationic-type resin T (resin CT)
or the cationic-type resin A (resin CA); that is,
the tertiary amino groups in resin T or resin A
are fully converted to the tertiary amine acid salt
type by neutralization. In Figure 7, the relation-
ship between the resin composition of film and the

Figure 5 The relationships between deposition time deposition yield is plotted. It is shown that the
and deposition yield of twice electrodeposition coating. deposition yield of one-coat film increases with
The primer (shadowed area) is deposited by emulsion the increase of resin A in the deposited film. The
CT at different deposition times; the topcoat is depos- reason is caused by the higher deposition yield of
ited by emulsion CA at constant deposition time (3 emulsion CA than that of emulsion CT at themin): applied voltage, 150 V; resin concentration of
emulsion, 10 wt %.

electric resistance of primer increases at the same
time. In addition, when the primer was naturally
dried over 30 min and immersed into emulsion
CA for the topcoat ED, it was found that there is
no deposition yield of topcoat to be observed. This
result certainly indicates that keeping the primer
wet can improve the topcoat ED.

On the other hand, the change of current den-
sity can account for the behavior of the secondary
ED too (Fig. 6). The change of current density
(n ) can apparently be observed when the second-
ary ED is progressing upon the wet primer. It
means the electrochemical reaction is really oc-
curring at this time. On the contrary, when the
primer is the air-dried film, there is almost no
current density (s ) to be detected; that is, the
secondary ED is difficult to progress under the
this situation.

As a result, the twice ED coating of which the Figure 6 The change of current density with time
primer is resin T and the topcoat is resin A can during topcoat electrodeposition: resin concentration of
be obtained. This film obtained is just like a dou- emulsion, 10 wt %; applied voltage, 150 V; deposition

yield of primer, 0.5 mg/cm2.ble-layer film.
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Table II Physical and Chemical Propertiessame conditions, as already shown in Figures 1–
of the Cured Deposited Film3. But the change of deposition yield of twice ED

coating with the resin composition is not remark-
Method of Obtainingable. As comparing these curves, it is found that

Cured Deposited Filmusing the twice ED coating, a higher deposition
yield can be gained when the ratio of resin A in Twice EDf

the film is below 0.4, and the deposition yield of Properties Coemulsion Coatings
one-coat film becomes higher when the ratio of
resin A in the film is over 0.4. Adhesive strengtha 100/100 100/100

Pencil hardnessb 2H 2H
Alkali resistancec OK OKPhysical and Chemical Properties of Cured Film
Acidic resistanced OK OK

In Table II, it is shown that the physical and Salt spray resistancee OK OK
chemical properties, including adhesive strength,

a Determined by the standard method of JIS-0202 (1 mm2pencil hardness, alkali and acidic resistance, and
1 100).salt spray resistance are not remarkably different b Measured by the Brǎvive Instruments B-400 with Mit-

between the cured films obtained from the twice subishi pencils.
c Tested by dipping in 0.1N NaOH(aq) for 240 h.ED coating and the coemulsion ED coating. Films
d Tested by dipping in 0.2N H2SO4(aq) for 48 h.obtained from these different methods have the e Evaluated by the standard method of JIS-Z2371, sprayed

required properties. with 5% NaCl(aq) for 240 h.
f ED: Electrodeposition.Comparing weather resistance ability, it is

found that the cured film obtained by twice ED
coating has superior weather resistance to that

coating is pure acrylic resin (resin A). Contrarily,obtained by coemulsion ED coating, as shown in
the content of film obtained by the coemulsion EDFigure 8. The reason for this result is that the
coating is the mixture of acrylic resin (resin A)surface content of film obtained by the twice ED
and epoxy resin (resin T). It is known that acrylic
resin has superior weather resistance to epoxy
resin, so weather resistance can be improved.

Figure 7 The relationships between resin composi-
tion of deposited film and deposition yield: applied volt- Figure 8 The effect of ultraviolet lighting time on

maintenance percentage of gloss: deposition yield ofage, 150 V; deposition time, 5 min; resin concentration
of emulsion, 10 wt %. Coemulsion electrodeposition film, 1.7–1.9 mg/cm2; ratio of resin A in the cured film,

0.4. Coemulsion electrodeposition coating is indicatedcoating is indicated by s; twice electrodeposition coat-
ing is indicated by n. by s; twice electrodeposition coating is indicated by n.
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