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Abstract Microgels are novel functional polymers
with an intramolecular crosslinked structure that can
significantly improve the mechanical properties of
coatings. We demonstrate herein for the first time
successful fabrication of microgels based on branched
poly(ethylenimine) (PEI) and their incorporation into
water-soluble polyacrylate (WPA), with subsequent
preparation of compact coatings via electrophoretic
deposition (EPD) and ultraviolet (UV) radiation. The
films including the microgels exhibited tensile strength
and elongation at breakage values above 6.82 MPa and
72.09%, respectively. The coatings showed good ther-
mal stability, decreased water absorption, outstanding
durability, and rust resistance after immersion in

5 wt% NaCl solution for 7 days at 40�C. This work
provides a new strategy that can be readily applied to a
variety of conductive substrates.

Keywords Microgels, Branched poly(ethylenimine),
Electrophoretic deposition, UV radiation, Tensile
strength

Introduction

Microgels comprise a water-swollen, microscopic
three-dimensional crosslinked network of polymeric
particles dispersed in a suitable solvent, representing a
special class of colloid with properties such as stability
over a longer period of time, kinetically stable structure
held together by covalent bonding (or other strong
forces), tunable architecture, high porosity, and
adjustable dimensions.1–3 Microgels have many poten-
tial applications as so-called smart colloids due to their
reversible swelling and deswelling characteristics and
ability to respond to external changes, e.g., in temper-
ature, pH, electrochemical stimulus, pressure, and
external fields.4–8 Their versatility in terms of size,
functionality, and mechanical properties makes them
potential candidates for use in drug or gene delivery
and tissue engineering, and as biointerface materials.9

Microgel networks exhibit high mechanical strength
and water-holding capacity, which is attributed to the
presence of numerous hydrophilic and crosslinkable
functional groups.2 Furthermore, incorporation of
microgels into coatings can improve their rheological
properties, dispersion stability, and chemical resis-
tance. Research interest has recently been drawn to
synthesis of thermoresponsive microgels by controlling
the crosslinking of poly-(N-isopropylacrylamide).3,10–15

Hyperbranched polymers have also attracted increased
attention in recent years due to their various unique
properties, such as relatively simple processing at low
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cost, low viscosity, high activity, and tailorable com-
patibility.16,17 Well-defined microparticles with hyper-
branched polymer (methacrylated hyperbranched
polyglycerol, HyPG-MA) of uniform size can also be
used for drug delivery and tissue engineering.18 Micro-
gels with hyperbranched polymer can be used not only
for biomedical applications, but also for industrial
coatings.11 However, such use of microgels to fabricate
waterborne UV-curable EPD coatings with tunable
patterns has rarely been described.9,19,20

Electrophoretic deposition (EPD) can be widely
used to produce coatings on conductive substrates with
various shapes in a cost-effective manner.21–24 How-
ever, more importantly, EPD techniques represent
environmentally friendly and tunable methods for
fabrication of uniform coatings by simple adjustment
of the deposition time and applied potential.22,25,26

Water-based UV-curing systems have been applied in
the field of electrophoretic coatings to address the
limitation of the high temperature required for thermal
curing of electrophoretic coatings, guiding the devel-
opment of EPD processes.27,28

In the work presented herein, we prepared novel
waterborne UV-curable electrophoretic deposition
coatings based on microgels with hyperbranched poly-
mer. We studied the chemical structure of the micro-
gels and their dispersibility in aqueous solution. The
properties of the coatings including their thermal
stability, mechanical properties, water absorption,
corrosion resistance, and other physical properties
were investigated. This study therefore describes a
promising strategy for preparation of UV-curable EPD
coatings.

Materials and methods

Materials

Butyl acrylate (BA, ‡ 99.5%), methyl methacrylate
(MMA, ‡ 99.5%), 2-(dimethylamino)ethyl methacry-
late (DMAEMA, ‡ 99.5%), 2-hydroxypropyl
methacrylate (HPMA, ‡ 99.5%), 2-hydroxyethyl acry-
late (HEA, ‡ 96%), styrene (St), and 2,2¢-azobis(2-
methylpropionitrile) (AIBN, ‡ 98%) were purchased
from Aladdin Chemical Ltd. (Shanghai, China) and
used with further purification. 3-Isocyanatomethyl-
3,5,5-trimethylcyclohexyl isocyanate (IPDI, purity
> 99.5%, NCO% ‡ 37.5%) was purchased from Bayer
Co., Ltd. (China). Branched poly(ethylenimine) (PEI,
‡ 99%, Mw = 2.5 9 104 g/mol and Mn = 1.0 9 104

g/mol, Fig. 1) was purchased from Sigma-Aldrich. 3-
Glycidyloxypropyltrimethoxysilane (KH560, ‡ 98%,
Fig. 1) was supplied by SICO Performance Material
(Shandong) Co., Ltd. Dibutyltin dilaurate (DBTDL,
‡ 99.5%) and 2,6-di-tert-butyl-p-cresol (DBHT,
‡ 99.5%) were purchased from Macklin and used as
catalyst and polymerization inhibitor, respectively. 2-
Hydroxy-2-methyl-1-phenyl-1-propanone (Darocur

1173, ‡ 99.5%) was purchased from Aldrich and used
as photoinitiator. All other solvents were distilled
under reduced pressure prior to use and received from
Sinopharm Chemical Reagent Co. Ltd., China.

Synthesis of acrylate prepolymer

WPA was prepared by the following procedure
(Fig. 1): IPDI (10.01 g, 0.045 mol), DBTDL (4 mg),
and DBHT (71.8 mg) were dissolved in ethyl acetate
(5 mL) in a three-necked, round-bottomed flask with
dry nitrogen atmosphere. The temperature was in-
creased to 60�C. HEA (5.44 g, 0.045 mol) was added
into this polymer solution after about 1 h. Polymeriza-
tion was allowed to continue for another 2 h. It was
assumed that NCO-terminated unsaturated monomer
(IPDI-HEA, Fig. 1) was successfully prepared.29

In the second step, the synthesis was carried out in a
three-necked, round-bottomed flask equipped with a
mechanical stirrer, dropping funnel, and reflux con-
denser. DMAEMA (15.0 mL), MMA (26.0 mL), BA
(34.0 mL), HPMA (26.0 mL), St (10 mL), and AIBN
(2.0 g) were dissolved in 2-acetoxy-1-methoxypropane
(PGMEA, 43.5 mL) in the dropping funnel to prepare
mixed solution. The four-necked round-bottom flask
(500 mL) at room temperature bearing PGMEA
(10.3 mL) was purged under nitrogen gas flow for
30 min then subsequently heated to 80�C. Then, the
mixed solution was dropped slowly into the reactor
during 3 h. The reaction was allowed to continue for
another 12 h. The crude reaction mixture was at 65%
yield.

In the third step, IPDI-HEA, DBTDL (0.01 wt%),
and DBHT (0.5 wt%) were dissolved in PGMEA
(5 mL) in a flask at room temperature, then added
dropwise into the above crude reaction mixture over a
period of 1 h at 60�C. When the peak at 2260 cm�1 for
NCO groups completely disappeared, acrylate pre-
polymer was obtained. This prepolymer was finally
cooled to 50�C and neutralized using 2-hydrox-
ypropanoic acid.

Synthesis of microgels with hyperbranched
structure

Microgel solution was synthesized in three steps
following the procedures shown in Fig. 2. PEI
(2.58 g) and KH560 (4.68 g) were mixed in 30 mL
tetrahydrofuran in a 100-mL reaction flask filled with
N2. Under room temperature, the reaction was con-
tinued for an additional 12 h. PEI-KH560 graft poly-
mer (abbreviated as PIK) was obtained as clear liquid
(Fig. 2a). After addition of acetic acid (2.63 g), the
mixture was left to neutralize for 1 h at 40�C with
stirring (Fig. 2b). Then, 66 mL deionized water was
added dropwise within 2 h, and the temperature was
kept constant at 60�C, resulting in microgel solution
with solid content of 15% (Fig. 2c).
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Preparation of UV-curable EPD coatings

Waterborne UV-curable EPD coatings were prepared
via the procedure illustrated in Fig. 3. The prepared
acrylate prepolymer, the microgel solution (5 wt% or
15 wt% to pure acrylate prepolymer), Darocur 1173
(5 wt%), and distilled water were mixed together with
rapid stirring for 30 min to obtain an aqueous emulsion
(named WPA-PIK) with solid content of 15%. Tin
plate after phosphating treatment was used as cathode,
and aluminum alloy panel plate as anode. The distance
between the two plates was 10 cm. Electrophoresis was

carried out at 80 s at an applied voltage of 50 V,
depositing coatings on the surface of the cathode plate.
The coated plates were then rinsed with deionized
water and placed in an oven for 10 min at 80�C to
remove moisture. The plates were exposed to 1000 W
UV radiation for 90 s.

Characterization

Fourier-transform infrared (FTIR) spectra of all the
polymers and monomers were obtained over the

Fig. 1: Chemical structures of WPA, PEI, KH560, and IPDI-HEA

Fig. 2: Synthesis of microgels with PEI
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wavenumber range of 4000 to 400 cm�1 using a Bruker
VERTEX 70 with KBr pellets. 1H nuclear magnetic
resonance (1H NMR) spectra were recorded using a
Bruker AVANCE III HD 400 spectrometer with
CDCl3 as solvent.

Dynamic light scattering (DLS) measurements of
aqueous polymer solutions (15 wt%) were carried out
using a laser light scattering spectrometer (ALV-5000,
Langen, Germany) equipped with a multi-s digital time
correlater. Light (k = 632.8 nm) from a solid-state He–
Ne laser (22 mW) was used as the incident beam. The
measurements were performed at a scattering angle of
90�C. The correlation function was analyzed via the
Contin method.30,31

Differential scanning calorimetry (DSC) was carried
out using a DSC 200F3 (Netzsch, Germany). Under
nitrogen condition, dry specimens of 5–10 mg were
sealed in aluminum pans and heated from 25 to 150�C
at 10�C min�1 to eliminate thermal history. Then, a
new thermal cycle was applied from �70 to 250�C at
10�C min�1 to evaluate the glass-transition tempera-
ture (Tg). Thermogravimetric analysis (TGA) was
performed using a Netzsch TG209F3 instrument. The
samples were heated from 30 to 600�C at rate of 10�C
min�1 under N2 atmosphere.

Scanning electronic microscopy (SEM) of untreated
as well as treated specimens was carried out using a
JEOL JXA-840A with electron probe microanalysis
(Japan) at accelerating voltage of 10 kV. The speci-
mens were sputter-coated with 150 Å gold (Edwards
coater), then inspected at magnification range of 35–
10,000 to detect surface morphological changes.

The tensile properties of sample specimens were
measured using a multifunctional electronic strength
tester TS2000-S (Taiwan). The sample bars
(7 9 80 mm2) were cut to thickness of 0.4–0.8 mm.
Standard tensile testing was performed in accordance
with ASTM 412-83 methods. The tensile strength,
Young’s modulus, and elongation at breakage were
measured at 10 mm/min and room temperature.32,33

The glossiness (in gloss units of ‘‘Gs’’) of coatings
was measured using an IG-330 gloss meter (Horiba,
Japan) in accordance with standard ISO 2813 proto-
col.34 The coated substrate was illuminated by a red
diode laser (650 nm) at an angle of 60�.35 The
glossiness was obtained as the average of at least five
replicates. The hardness of the coating was graded
according to ASTM protocol D3363 using a set of
Faber Castell 9000 pencils (Derwent’s) from 9B to 9H
held against the coating surface at an angle of 45� and
pushed away from the operator. All pencils were
sharpened and then flattened by rubbing on abrasive
paper (3M, grit no. 400) at an angle of 90� to create a
flat, smooth, and circular cross section.36,37 The adhe-
sion of the coatings was tested using the crosscut
method in accordance with ASTM D3359 standard.38

The surface of coatings was cut with a blade. The
distance between each line was 2 mm. A piece of 3M
250 masking tape was then pressed onto the coatings
and quickly peeled off. The number of tiny squares
removed with the adhesive tape was then calculated.36

A membrane impacting tester (QCJ-50, Shanghai
Modern Environmental Engineering Technology, Chi-
na) was employed to measure the effect of impact on

Fig. 3: Illustration of UV-curable EPD protocol
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the adherence of the coatings. The coated tin sample
was placed directly below the impact hammer
(1000 ± 1 g), Which fell down from a height of
50 cm to impact on the coatings. The coating flexibility
of a prepainted sheet was measured using a QTX tester
(Tianjing Jingkelian Material Testing Machine Co.,
LTD) according to ASTM D4145. During fabrication
into products, precoated sheets are subjected to
stresses by brake bending, which could exceed the
flexibility of the coating, resulting in its fracture and
exposing the substrate, or in loss of adhesion of the
coating to the substrate. This test was used to evaluate
the ability of the coating system to withstand such
stresses during fabrication. The salt spray test was
conducted in harsh chemical environment according to
ASTM B-117 standard. Coated tin plates were
immersed in 5 wt% NaCl salt solution with pH
between 6.5 and 7.2 at 40�C for 7 days.39–41 The water
absorption (WS) of the samples was calculated as

Water absorption percentage ¼ W2 �W1

W1
� 100%; ð1Þ

where W2 and W1 are the masses of the film after
swelling in water for 72 h and the original dry film,
respectively.42

Results and discussion

FTIR and 1H NMR analyses of PIK monomer

Figure 4 shows the FTIR spectrum of the PIK
monomer. The broad peak at 3364.4 cm�1 corresponds
to hydroxyl stretching absorption of amine groups,
indicating the possibility that the primary amine in PEI
underwent a ring-opening reaction with the epoxides.
The peaks at 2937.7 and 2837.5 cm�1 derive respec-
tively from asymmetric and symmetric stretching

vibration of C–H in –CH3 and –CH2–.
33 The typical

bands located at 1659, 1352, and 1202 cm�1 can be
assigned to absorption due to N–H stretching, C–N
stretching, and symmetric stretching of C–O–C in
CH2–O–CH2 of KH560. The broad strong peaks near
1107 cm�1 correspond to asymmetric vibration of Si–
O–C, and the stretching peaks at � 838 cm�1 to
bending vibration of Si–C, indicating the occurrence
of a reaction between KH560 and PEI in the system.

Figure 5 shows the 1H NMR spectrum of the PIK
monomer. The peak at 6.01 ppm corresponds to epoxy
group generating hydroxyl groups after ring-opening.
The weak peak at 5.52 ppm corresponds to proton of
N–H group. The peak at 4.52 ppm corresponds to the
proton of –CH– group next to hydroxyl group. The
characteristic peaks at 3.04–3.75 ppm are assigned to
methyl, methylene, and methine protons on different
alkyl chains of PIK. The peaks at 2.45–2.73 ppm
correspond to proton of –CH2– group. The strong
peak at 1.89 ppm corresponds to other N–H groups in
the structure. The weak peaks at 1.53 and 0.59 ppm
correspond to other methylene protons. These 1H
NMR and FTIR spectra confirm successful synthesis of
the target monomer PIK.

Particle size control of WPA-PIK emulsions

Figure 6 shows the average particle size distribution
(as determined by dynamic light scattering) and size
distribution of aqueous solutions containing pure
WPA, WPA-PIK5% (5 wt% of PEI-KH560 to pure
acrylate prepolymer), and WPA-PIK15% (15 wt% of
PEI-KH560 to the pure acrylate prepolymer). For the
WPA solution, the average particle size was found to
be 43.8 nm, due to ionizable groups arising from
DMAEMA units. In the case of mixed aggregates
formed by WPA and microgel solution, PIK and WPA
were mixed well and dispersed in water. The particle
size of WPA-PIK was found to be clearly split into two
different peaks, at 37.8 nm (assigned to WPA) and
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220 nm (assigned to microgel solution). For WPA-
PIK15%, it may be that the microgel formed the
central core of mixed aggregates due to the much
higher content of PIK, provoking water repellency,
while the ionizable groups in WPA were left on the
surface to obtain a stable state.43

Thermal stability of waterborne UV-curable EPD
coatings

The DSC curves of the coatings obtained using PIK
monomer are shown in Fig. 7, revealing Tg values of
21.6, 29.1, and 31.4�C for WPA, WPA-PIK5%, and
WPA-15%, respectively. For pure WPA, the measured
Tg is close to the theoretical value of 20�C. The Tg

values of the WPA-PIK samples were higher than that
of pure WPA, which can probably be attributed to
incorporation of the microgel solution containing
compact hyperbranched segments and (–C–Si–O–)n
chains.44 A broad glass transition was seen for WPA-
PIK in the range of 20–60�C, which can be attributed to
the remarkable phase separation of soft and hard
segments in the hyperbranched structure.45 WPA-
PIK15% showed a higher Tg value due to hydrogen
bonding arising when the strained ring structure in
KH560 was converted to an open chain structure.
Hydroxyl protons would form hydrogen bonds with
nitrogen of the Mannich bridge as well as with adjacent
hydroxyl groups, causing both inter- and intramolecu-
lar hydrogen bonding.46,47

The TGA curves and corresponding derivative
weight loss curves (DTG) of the waterborne UV-
curable EPD coatings obtained in N2 are shown in
Figs. 8a and 8b, respectively, while the temperature of
maximum mass loss rate (Tmax) and char yield (Yc) are
summarized in Table 1. All the coatings lost < 5% of
their initial weight at around 100�C due to removal of
nonvolatile solvent and evolution of water. All the
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samples exhibited a similar thermal decomposition
profile. The first stage of weight loss in the temperature
range of 250–350�C can be attributed to degradation of
urethane groups in WPA. The second stage of weight
loss, observed within the range of 350–440�C, probably
relates to degradation of ester bonds in polyester
urethanes and imide structures of PEI.48,49 However,
WPA-PIK15% exhibited the lowest Tmax1 of 295�C
and the highest Tmax2 of 406.6�C. The reason is that
WPA-PIK15% mainly contained more hyperbranched
structures, and might form a certain encapsulation of
the core–shell structure, as confirmed in Fig. 6. WPA-
PIK5% and WPA-PIK15% based on PEI-KH560
exhibited char yield of 3.26 and 7.17 wt% at 600�C.
The microgels probably contained significant amounts
of hydrogen bonds, forming a highly crosslinked
network structure. In addition, terminal groups of
PIK had stable Si–O structure. Accordingly, the

thermal stability of the EPD coating was enhanced
by increased addition of microgel.

Mechanical properties and water resistance

Figure 9 illustrates typical stress–strain curves of
waterborne UV-curable EPD coating films with dif-
ferent PIK contents, obtained from tensile measure-
ments; the details are presented in Table 2. All the
films behaved as weak elastomers without a distinct
yield stress point. The tensile strength decreased from
3.44 to 1.39 MPa when the PIK content was lower than
5%, followed by a sharp increase with further increase
in the PIK content to 15%. It can also be seen from
these curves that the elongation at breakage increased
rapidly from 37.04 to 88.18% with 5% PIK addition,
but then decreased to 72.09%.50 WPA-PIK15%
showed the highest tensile strength and Young’s
modulus. All these results can be explained by the
uniform dispersibility of the microgel solution in the
system, the enhanced interfacial adhesion due to the
large number of intramolecular hydrogen bonds, and
the hyperbranched structure of PEI that enhances the
toughness of the material.51

Figure 10 shows the water absorption behavior of
the coatings with various PIK contents after 72 h.
According to these results, the water absorption values
decreased from 5.74 to 0.94 wt% with increasing PIK

Table 1: Thermal stability of waterborne UV-curable
EPD coatings

Formulation Tmax1 (�C) Tmax2 (�C) Yc at 600�C (%)

WPA 306.4 404.3 2.52
WPA-PIK5% 311.3 401.4 3.26
WPA-PIK15% 295.0 406.6 7.17
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Fig. 9: Stress–strain curves of EPD films with different PIK
contents

Table 2: Detailed data from tensile measurements

Formulation Tensile strength (MPa) Elongation at breakage (%) Young’s modulus (MPa)

WPA 3.44 37.04 9.29
WPA-PIK5% 1.39 88.18 1.58
WPA-PIK15% 6.82 72.09 9.46
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Fig. 10: Water absorption properties of films with varying
PIK contents at room temperature after 72 h
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content. The crosslinking between polyacrylate and
hyperbranched structure was enhanced with incorpo-
ration of the PIK monomer, forming inorganic–organic
networks, which was beneficial to increase the water
resistance.50 Furthermore, migration of silicon atoms
on the surface of the films could decrease their surface
energy and enhance their water resistance.

Other physical properties of UV-curable EPD
coatings

The surface morphology of the UV-curable EPD
coatings, both untreated and treated with PIK emul-

sion, as observed by SEM is shown in Fig. 11 to reveal
the variation in the surface of the coatings. As shown in
Fig. 11a, the surface of the pure WPA-coated film was
smooth, revealing no phase separation or cracking. As
illustrated in Figs. 11b and 11c, many tiny particles
were observed on the surface of the coatings with PIK,
indicating that the surface of the film was rough and
uneven. The WPA and microgel solutions were two
phases separated from each other, which is in line with
Fig. 6, and the microgels also formed crosslinked
particles to enhance the physical properties.

The overall performance of the UV-curable EPD
films is presented in Table 3. The thickness of the
coatings was about 30 lm. The pencil hardness of the

Fig. 11: SEM images of films with varying PIK contents: (a) WPA at 20.0 lm scale, (b) WPA-PIK5% at 50.0 lm scale, and (c)
WPA-PIK15% at 50.0 lm scale

Table 3: General performance of waterborne UV-curable EPD films

Formulation Thickness (lm) Pencil hardness Glossiness (Gs)

WPA 30 2H 92.0
WPA-PIK5% 32 2H 34.7
WPA-PIK15% 31 3H 16.3
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coating was increased slightly from 2H to 3H, which
can be attributed to the crosslinked particles in the
microgel solution. However, these outstanding
mechanical properties were achieved at the expense
of a reduction in the glossiness of the coatings, which
increased in the presence of monomers (St, methyl
methacrylate, etc.).52 When the amount of crosslinked
microgels in the coating exceeded a certain value,
minor cracking occurred on the surface, resulting in a
relatively rough film.

The adherence of the UV-curable EPD coatings
measured according to ASTM D3359 standard is
shown in Fig. 12. Since no evidence of detachment
from the substrate was found after this test, the films
exhibited excellent adherence, reaching the top rank-
ing of 5B on this scale.38 It is well known that more
polar groups in a crosslinking system may benefit its
adhesion to a substrate by increasing the adhesive
force.53,54 The hydroxyl groups and hyperbranched
structure of the microgels undoubtedly promoted the

Fig. 12: Adhesion test results of UV-curable EPD coatings with varying PIK contents with phosphated plate as substrate,
and separation between the lines of 2 mm: (a) WPA, (b) WPA-PIK5%, and (c) WPA-PIK15%

Fig. 13: Flexibility of UV-curable EPD coatings with varying PIK contents with tin plate as substrate, recorded after
bending: (a) WPA, (b) WPA-PIK5%, and (c) WPA-PIK15%

Fig. 14: Front and reverse of UV-curable EPD coatings with varying PIK contents on tin plate after impact: (a) WPA, (b)
WPA-PIK5%, and (c) WPA-PIK15%
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adhesion. However, there was a slight decrease in the
flexibility of WPA-PIK15% (Fig. 13). These results are
attributed to the increased crosslink density and
rigidity due to the lack of flexible chains.55 The impact
resistance results for the UV-curable EPD coatings
with varying PIK contents, coated on tin plate as a
substrate and subjected to quick impact damage, on
both the front and reverse, are shown in Fig. 14. These
results indicate no influence on the adherence of the
coating to the substrate or rupture to any noticeable
degree.

The results of the harsh corrosion resistance study
conducted on UV-curable EPD coatings with varying
PIK contents for 7 days are shown in Fig. 15. A tin
plate bearing coated sections was immersed in 5 wt%
NaCl solution with pH between 6.5 and 7.2 at 40�C,
and a photograph of the surface was taken after
removal from the solution. The coatings with pure
WPA prepared via EPD were found to be deteriorated
after the corrosion test.30 As shown in Figs. 15b and
15c, coating of WPA-PIK5% on the tin plate showed
negligible degradation after the corrosion test, with no
visible evidence of rust on the region coated with
WPA-PIK15%. This enhanced corrosion resistance
can be attributed to the strong crosslinking network
and partially hydrophobic polar groups of the microgel.

Conclusions

Microgels with PEI were fabricated by addition reac-
tion, then incorporated into pure acrylic WPA after
acidification hydrolyzation. Increasing the content of
PIK in EPD yielded separated larger particles with size
of 220 nm. The coating was prepared via aqueous EPD
and UV radiation. After addition of the microgel, the
coatings showed a wider range of glass-transition
temperatures, good thermal stability, and decreased
water absorption. According to tensile measurements,
the tensile strength and elongation at breakage were
greatly enhanced. According to SEM images and
glossiness testing, the excellent adhesion, outstanding
impact tolerance, and bending resistance of the coat-

ings were achieved at the cost of some properties due
to the phase separation. Tin plates coated with WPA-
PIK15% did not rust after immersion in 5 wt% NaCl
solution for 7 days. This facile method for coating of
conductive substrates will have promising applications.
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