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ABSTRACT: A novel manufacturing process for high per-
formance metallic can coating was carried out based on an
epoxy-grafted acrylic resin. Firstly, the epoxy resin was
reacted with acrylic amide forming a ring opened product
epoxy-amide resin, and then the product obtained copoly-
merized with all other monomers, such as acrylic acid (AA),
butyl acrylate (BA), hydroxypropyl acrylate (HPA), 2-ethyl-
hexyl acrylate (2-EHA), methyl methacrylate (MMA), sty-
rene (St), using free radical solvent polymerization in the
presence of BPO. The resins prepared present the transparent
appearance, and the target resin coating based on these res-
ins exhibits excellent boiling resistance and chemicals resist-
ance and can be applied as the protective coating for metallic

can. The effects on the coating properties, such as amount of
acrylic acid, 2-EHAwt % between 2-EHA and BA, amount of
amino resin, amount of catalyst, and so forth, were investi-
gated. In addition, the influences of polymerization time on
the conversion ratio of monomers were also studied. Results
show that under the optimal conditions, the target resin coat-
ing provides excellent physical and mechanical properties.
The various properties tests for this coating have been per-
formed in accordance with the standards of ASTM. � 2007
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INTRODUCTION

Recently, there has been a growing development in me-
tallic-canned food, and a demand for materials for pro-
tection of metals has been increased rapidly. According
to the data of experts’ analysis, the corrosion losses con-
stitute 10%–15% of all products made of ferrous metals
due to the consequences of corrosion wear1; so the pro-
tection of metal has attracted much attention.2–9

The metal package can is made mainly of tinplate.
Therefore, both its inner10–15 and outer surfaces would
require some materials, such as polymer coatings, to pro-
tect them from corrosion. Acrylic resin is commonly
used as protection coating16–19 for its many characteris-
tics, such as high gloss, hardness, anticorrosion, weather-
ability, and solvent resistance. Because of its variety,
acrylic resin, especially thermosetting acrylic resin, can
satisfy different demands and has been applied more
widely than alkyd-trimeric cyanamide resin used before.

Epoxy resins are commercially used in coatings and
various structural applications. Through the proper
selection of resin modifier and curing agent, the cured
epoxy resin can be tailored to specific performance
characteristics. Cured epoxy resins exhibit excellent ad-
hesion to a variety of substrates, good chemical and cor-

rosion resistance, excellent electrical insulation, high
tensile, flexural and compressive strength and thermal
stability. The largest single use is in coatings, where
high chemical and corrosion resistance and adhesion
are important. The exceptional adhesion performance is
due to the presence of polar hydroxyl and ether groups
into the backbone structure of epoxy resins.20–22

Up to now, many studies about can-coating-based
acrylate have been reported,23–26 but the comprehen-
sive properties are not satisfactory. To improve the
comprehensive performance and safety and reliability
of the coating, we report here a novel manufacturing
process for high performance metallic can coating.
Firstly, the epoxy-amide resin was formed by the reac-
tion of epoxy resin and acrylic amide, and then the
product achieved copolymerized with other mono-
mers involved. This grafted resin obtained can offer
some advantages over conventional resins with
respect to the application/appearance of coatings as
well as the final film properties, such as a better com-
patibility between epoxy and other resins, a conven-
ient selection of different monomers and an easy con-
trol of the final coating performance.

EXPERIMENTAL

Processing route

Generally, the compatibility between acrylic resin and
epoxy resin by mechanical blend is poor, and because
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of an insufficient cure course, the product cannot be
used for the protection of metallic can, which requires
better mechanical properties. Additionally, the ap-
pearance of resin from mechanical blend is not trans-
parent, lacking applied value. In this work, we utilize
the reaction of epoxy resin and acrylic amide to form
an epoxy-amide resin, and then the resin obtained
copolymerized with all monomers based acrylate to
attain a thermosetting resin, in which the epoxy resin
is grafted as one composition.

Material and instruments involved mainly

Acrylic acid (AA), Butyl acrylate (BA), hydroxypropyl
acrylate (HPA), 2-ethylhexyl acrylate (2-EHA), methyl
methacrylate (MMA), acrylamide(AAm), styrene (St),
heavy aromatics (S-150), ethylene glycol monobutyl
ether(BCS), epoxy resin 1001 (Shell brand), and initiat-
ing agent dibenzoyl peroxide(BPO) were all industrial
grade and were used as purchased; white titanium
powder and amino resins were of imports; catalyst
was a derivative of sulfonic acid.

Impact resistance was carried out on a QCJ Type
Painting-Film Impact Tester (the hammer weighs 1000
g and the impacting height is 500 mm, the diameter of
the steel ball is 8 mm with impacting depth of 2 mm);
cupping, testing the flexibility of the coating, was
treated with a QBJ Type Coating Cupping Tester
(punch diameter 20 mm, digital precision 0.01 mm;
the journey is beyond 6 mm when the tinplate was

damaged); boiling resistance was then tested by
immersing the coating (after cupping) into distilled
water and boiling at 1298C for 30 min; adhesion was
determined by crosshatch; pencil hardness test was
carried out by taking pencils of different grades (H,
2H, 3H, 4H); fineness gauges QXD-25 was used to test
the fineness of grind; Viscometer QND-4C (C, copper,
material of flow cup) was employed to estimate the
viscosity of the coating at 258C. FTIR spectra of the
coating prepared were recorded on a Thermo Nicolet
170SXET-IR spectrometer in the range of 4000–400
cm�1, using KBr pellets.

Synthesis of epoxy-grafted acrylic resin

Epoxy resin 1001 was dissolved firstly into the solution
with the solids content of 50 wt % using required
amount of S-150 and BCS, and then reacted with AAm
at 70–758C for 1 h to form an epoxy-amide resin. This is
a significant step in which the rings of epoxy resin were
opened, as shown in reaction (1), and was further
proved by the IR analysis shown in Figure 1. The
absorption bands lying at 3426 cm�1 (vNH), 1548 cm�1

(dNH and vC��N), and 1084 cm�1 (C��O��C, ethereal
bonds) were indication of the reaction between acryl-
amide and epoxy resin, making the rings existed within
epoxy resin open in this procedure. And then this prod-
uct can copolymerize with all other monomers via
double bond to form an epoxy-grafted acrylic resin.

According to the formulation listed in Table I, the sol-
vents were added to a 250-mL 3-neck flask equipped
with a condenser, a stirrer, and a thermometer, and
heated to 958C while partial mixture (monomers þ BPO
þ epoxy-amide resin) were added. When it was heated
to 958C again, the residual mixture was added dropwise
for 2–2.5 h. Throughout the reaction, the temperature
was maintained at 90–958C. After 0.5 h, BPO was sup-
plied and it was complementary again after aging for 1
h under stirring. The mixture was reacted for 2 h, and
then BPO was added thirdly. The reaction was finished
when the conversion ratio of monomers involved
reached beyond 97%. The conversion ratio of monomers
involved was calculated from the following equation:

Conversion ratio ¼ s m1 �m2ð Þ
m3

100

Where m1, m2 and m3 are the weights of the
total resin, the components that existed before

polymerization and cannot be volatilized after
baking (1808C/15 min), and the total monomers,
respectively. s is the solids content of prepared
resin.

Preparation of coating and curing course

White enamel, prepared using epoxy-grafted acrylic
resin as base and then adding some pigment-filler,
curing agent amino resin and several assistant
agents, was dispersed until the fineness was appro-
priate, then the enamel was diluted to viscosity eli-
gible. According to definite thickness, the tinplate
coated with enamel was put in an oven at 1808C for
15 min, then desired various properties were tested
in terms of relational guidelines. In the course of
curing, reactions might be involved between the
synthesized resin and amino resins are showed in
reactions of (2) to (4).
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RESULTS ANDDISCUSSION

The essential feature to develop a protective coating
system is its good mechanical properties. The per-
formance of an organic coating in service is related to
its crosslink density and its ability to withstand me-
chanical strains. While developing a protective coat-
ing, a number of factors have to be taken into account
including number of functionality available in the
monomers, crosslinker concentration, initiator concen-
tration, catalyst amount, and so forth.

The functionality of the monomers plays a vital role
in affecting the final performances of prepared coat-
ing. The monomers involved in this work include the
called soft monomers, such as BA and 2-EHA, which
are used to adjust the flexibility of the final coating,
and the called hard monomers, such as AA and
MMA, which are applied to regulate the hardness of
the final coating. In addition, the monomers contain
some functional groups, such as AA, HPA and AAm,
are also introduced to facilitate the cure reactions, and
also to produce some useful functional groups to
improve the final properties of the coating.

Comparison of mechanical blend and chemical
grafted resins

Table II shows the results of comparison of mechani-
cal blend resin and chemical grafted resin. It can be

seen clearly that the coating performance prepared
from mechanical blend resin is not comparable to that
prepared from chemical grafted resin. Through graft-
ing, the coating appearance and film dried are pro-
vided with excellent gloss, and the mutual solubility
between this resin and amino resin can also be
improved obviously. Based on these, in this work, we
utilize the ring opening reaction of epoxy resin and
acrylamide to form an epoxy-amide resin, and then
the product copolymerized with other monomers to
produce an epoxy-grafted acrylic resin. Through this
ring opening reaction, primary amine existed in acryl-
amide would be reacted with epoxy groups, leading a
decrease in activities of acrylamide, thereby extending
the coating’s applicability and enhancing its compati-
bility with epoxy resin.

FTIR analysis

The infrared spectrum of the resin prepared is shown
in Figure 1. In this spectrum, the absorption bands at
3426 cm�1 (vNH), 1548 cm�1 (dNH and vC��N), 1084
cm�1 (C��O��C, ethereal bonds) were indication of
the reaction between acrylamide and epoxy resin. The
absorption bands at 2926 cm�1 (characteristic absorp-
tion of ��CH3 and ��CH2��), as well as those at
2362 cm�1 (O��H stretch of the carboxylic group),
1724 cm�1 (C¼¼O stretch of the carboxylic group), 1625
–1450 cm�1 (characteristic bands of benzene ring), and
characteristic absorption bands of the polymer based
acrylate at 1451 cm�1, 1161 cm�1, 1384 cm�1,
1242 cm�1, 1161 cm�1, 910 cm�1 are existed in this
spectrum. However, the absorption bands at 3100–
3000 cm�1 (v¼¼CH), 1680–1620 cm

�1 (vC¼¼C) are absent in
this coating, indicating that all of monomers have par-
ticipated in the polymerization reaction. It is worthy to
point out that the ether groups are higher polar func-
tional groups, and when they are introduced into back-

TABLE I
Formulation of Acrylic Resin

Compositions wt % Compositions wt %

AA 2–4 AAm 1–2
2-EHA 5–7 BPO/g 1.2 þ 0.2 � 2 þ 0.4
BA 30–35 Solvent:
HPA 10–16 BCS 28.6
St 35–45 S-150 71.4
MMA 0–6
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bone structure of the coating will improve the adhesion
between the coating and metal substrates. Thus, the ad-
hesion performance can be enhanced remarkably.

Effect of acrylic acid

Acrylic acid amount can notably affect the resin per-
formance. The effects of AA amount on the coating
properties are shown in Figure 2. With the increase of
AA amount from 2.0 to 4.0 g, the impact resistance of
coating is improved. This can be ascribed to the fact
that with an increase in AA amount, the active points
present in the thermosetting resin and can react with
epoxy resin, are more, resulting in higher crosslinking
density, thus enhancing the impact resistance of the
coating. However, an excessive AA amount will result
in a strongly glutinous resin which can easily turn into
gel. Besides, after high temperature boiling (ca.
1298C/30 min), the cupping part of the coating will
exfoliate severely [as seen in Fig. 3(d)]. On the other

hand, with decreasing the AA amount, the boiling re-
sistance will become excellent. But in this coating, the
active points could react with epoxy resin are insuffi-
cient, inducing the impact resistance to get worse, and
the appearance of this resin presents rather poor trans-
parence. From the analysis above, AA amount in the
range of 2.8–3.0 g will balance the inconsistencies in
boiling resistance and impact resistance, and thus a
value of 2.8 g was selected for further study.

Effect of 2-ethylhexyl acrylate

Flexibility is an important property of a coating when
fabricating the coating into final shape. 2-Ethylhexyl
acrylate, as one component, can observably improve
the flexibility of a coating. Figure 4 shows the effects
of the percent of 2-EHA between BA and 2-EHA on
the properties of coating. It can be seen that with
increasing the 2-EHA wt %, the impact resistance was
improved, whereas the solvent resistance decreased.

Figure 1 Infrared spectrum of the prepared resin.

TABLE II
Comparison of the Properties of the Coating for Mechanical Blend and Chemical

Grafted Resins

Comparison items Mechanical blend resin Chemical grafted resin

Appearance Turbid, opacity,
easily demix

Homogeneous,
transparent, limpid

Dried film Turbid lucency
Combine with the
amino resin Bad mutual solubility Excellent mutual solubility

Film dried Poor gloss and
mechanical properties

Excellent gloss and
mechanical properties
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Moreover, the resin in our experiment turns opaque
gradually and the solids content decreases slightly.
These phenomena can be attributed to that with an
increase in 2-EHA wt % between BA and 2-EHA, the
flexibility of coating gets improved, but due to the
poor polarity of mixture solvents, the 2-EHA is not
well compatible, therefore leading the appearances of

final resin and coating opaque. To improve these
properties, it is necessary to increase the amount of
polar solvent BCS to improve the compatibility, and
accordingly increasing the cost of the resin prepared.
For further study, 16.7% was chosen as percent of 2-
EHA between BA and 2-EHA.

Effect of hydroxypropyl acrylate

Hydroxypropyl acrylate was generally supplied
hydroxyl into polymer to provide hardness and cross-
linking degree, in addition, HPA was also used to
facilitate the polymerization of monomers, reduce the
polymerization time and decrease the interaction of
remnant monomers. The higher the hydroxyl content
is, the larger the crosslinking density of the coating is.
It benefits the coating in hardness and gloss retention.

Figure 2 Effect of AA amount on the coating properties.
Estimate of properties was in the order of 4 (excellent), 3
(good), 2 (fair), and 1 (poor). It is the same with these esti-
mated criteria hereinafter.

Figure 3 Snaps of impact resistance and boiling resistance
after cupping. Impact resistance is excellent (a) and is poor
(b, detected using CuSO4 solution); after cupping, boiling re-
sistance (ca. 1298C/30 min) is excellent (c) and is poor (d).

Figure 4 Effect of percent of 2-EHA between 2-EHA and
BA on the coating properties.

Figure 5 Effect of polymerization time on the conversion
ratio of monomers involved. Reaction time on x-axis is rela-
tive to second addition of BPO.
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For Figures 2 and 4, the properties estimate was in
the order of 4 [excellent, that is, the coating remained
unchanged after being tested, as seen in Fig. 3(a,c), 3
(good), 2 (fair), and 1 (poor, that is, the coating was
damaged or exfoliate strongly, as shown in Fig.
3(b,d)]. It is the same with these estimated criteria
hereinafter.

Effect of polymerization time on the conversion
ratio of monomers

Polymerization time can remarkably affect the conver-
sion ratio of monomers and the effects are shown in
Figure 5. The conversion ratio of monomers was im-
portant for resins and final performance of coating. In
the presence of BPO as initiating agent, with the pro-
longed reaction time, the conversion ratio of mono-
mers increased. When the BPO was added thirdly, the
conversion ratio of monomers could reach to 99.6%
and 97.1% for resins to prepare stove finish and white
enamel, respectively. So, when the BPO was added
thirdly, aging for 2 h was proper to obtain a satisfac-
tory conversion ratio of monomers.

Effect of epoxy resin

The influences of molecular weight of epoxy resin are
apparent on coating properties. Epoxy resin with a
lower molecular weight shows a higher reactivity, an
outstanding transparence and can be easily modified,

but the reaction with it is not steadily, it is easy to
become glutinous and the coating obtained is brittle.
Epoxy resin with a higher molecular weight possesses
a lower reactivity and is difficult to be modified, but
the impact resistance well exceeded that of the resin
with a lower molecular weight. In this work, the mod-
erate molecular weight epoxy resin Shell 1001 (epoxy
value: 0.20–0.22) was selected.

To obtain the optimal coating, the effect of epoxy
resin Shell 1001 on the coating properties was investi-
gated in the range of 0–6.3 g when the acrylic resin
was fixed at 20 g. The tested results revealed that with
a weight ratio of acrylic resin (55 wt % of solids con-
tent) to epoxy resin 1001 (50% wt % of solids content)
of 20:2.8, the excellent coating was reached. So, this
weight ratio was chose in our further study.

Effect of amino resin

Amino resin, as a crosslinking cure agent in the coat-
ing, is also important. In our study, three amino res-
ins: amino resin etherified with methanol (AR-Me),
amino resin etherified with butanol (AR-Bu) and
amino resin substituted with phenyl were introduced
into the coating. Firstly, AR-Bu was rejected because
of its self- polymerization and poor balance between
hardness and flexibility after curing. And when other
two amino resins were used alone, the comprehensive
properties could not satisfy the demands required. So,
AR-Ph with an excellent water resistance due to exis-

TABLE III
Effect of Amino Resin on the Coating Properties

Samples
Solvent

resistance Adhesion Cupping
Impact

resistance Ia
Impact

resistance IIb

1# 1 4 4 4 4
2# 2 4 3 4 3
3# 3 4 3 4 3
4# 4 4 1 4 1

a and b denote the impact resistance before and after boiling, respectively. And the sam-
ples experience an impact of 50 cm. AR-Me was used as curing agent. From 1# to 4#, the
weight percent was 2%, 4%, 6% and 9%, respectively.

TABLE IV
Influence of Amount of the Catalyst on the Properties of the Coating

Amount of
catalysta

Solvent
resistance Adhesion Cupping

Impact
resistance Ib

Impact
resistance IIc

0.30% 4 4 1 4 2
0.06% 4 4 3 4 4
0.04% 4 4 4 4 4
0 4 4 4 2 2

a The amount of the catalyst is the percent of the total weight.
b Represent the impact resistance before boiling; the samples experience an impact of

50 cm.
c Represent the impact resistance after boiling.
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tence of aromatic ring, in combination with AR-Me
with better weatherability, was recommended. The
effects of amino resin on the coating properties were
listed in Table III.

From Table III, it can be seen that with increasing
amino resin, solvent resistance of the coating was
improved, but boiling resistance decreased. This
result may be attributed to an increase of crosslinking
points, leading an increase of crosslinking density.
Furthermore, with increasing of amino resin amount
from 1 to 4, the pencil hardness was also improved. In
our study, the weight percent of 6% amino resin was
recommended.

Catalyst

The catalyst derivatived from sulfonic acid was
employed in this work, which can catalyze effectively
the crosslinking reaction of amino resin with acrylic
resin. Owing to the side effects of the sulfonic acid de-
rivative as a strong acid existed in the enamel, the cata-
lyst blocked with pyridine was used. It is found from
experiment that the properties of coating using the
blocked catalyst overweight those blocked before. The
effects of catalyst on the coating were displayed in Table
IV, from which it can be seen that the influence of cata-
lyst on properties is evident. Along with an excessive of
catalyst, the crosslinking density becomes higher, thus
resulting in a decrease of the flexibility of cured clear-
coats, which can be also supported by the study of
Schwalm et al.27 And because of the hydrophilicity of
sulfonic groups, the boiling resistance gets worse.
Whereas the catalyst amount is less, the crosslinking
density is inadequate, inducing a poor impact resist-
ance. To achieve the excellent coating, the amount of
catalyst is within the range of 0.04–0.06 wt %.

The total performances of the coating are listed in
Table V. It is found that the comprehensive perform-
ances are satisfactory and can applied as metallic can
coating.

CONCLUSIONS

A novel manufacturing process for high performance
metallic can coating was carried out based on an epoxy-
grafted acrylic resin. The effects of the monomers, the
amounts of grafted resin, the amount of amino resin,
and the amount of blocked catalyst, etc on the proper-
ties of coating were investigated. And according to the
standards of ASTM, the properties demanded were
tested and the high comprehensive performance for me-
tallic can coating was obtained. Varying the monomers
composition, the resin with different characteristics can
be attained. The target resin coating provides excellent
physical and mechanical properties, and can be promis-
ing as the metal package materials.
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3. Taleb, A.; Chaussé, A.; Dymitrowska, M.; Stafiej, J.; Badiali, J. P.
J Phys Chem B 2004, 108, 952.

4. Whitten, M. C.; Chuang, Y. Y.; Lin, C. T. Ind Eng Chem Res
2002, 41, 5232.

5. Samoilova, O. V.; Zamyatina, O. V. Protection Metals 2005, 41,
177.

6. Zhang, S. Y.; Kong, Y.; Zhang, Z. S.; Zhang, X. Y. J Appl Electro-
chem 2003, 33, 1063.

7. Dave, B. C.; Hu, X. K.; Devaraj, Y. J Sol-Gel Sci Technol 2004, 32,
143.

8. Tallman, D. E.; Spinks, G.; Dominis, A. J.; Wallace, G. G. J Solid
State Electrochem 2002, 6, 73.

9. Spinks, G. M.; Dominis, A. J.; Wallace, G. G.; Tallman, D. E.
J Solid State Electrochem 2002, 6, 85.

10. Falkenburg, H. R.; McGuiness, R. C. In New Developments in
Interior Can Coating Lacquers and Some Possible Applications.
Second International Tinplate Conference, London, 1980.

11. Khanna, R. T. US Patent 4,018,848 (1977).
12. Raisch, H. W.; Carlson, K. E. US Patent 4,247,565 (1981).
13. Bobo, J.; William, S. US Patent 5,177,129 (1993).
14. Reghunadhan, C. P. N. Prog Polym Sci 2004, 29, 401.
15. Manfred, L. B.; Sgines,M. J. L.; Berftez, G. J.; Egli,W.A.; Rissone, H.;

Vazquez, A. J Appl Polym Sci 2005, 95, 1448.

TABLE V
The Comprehensive Performances of the Grafted Acrylic Resin Coating

Detection items White enamel Stove finish Test standardsa

Coating appearance White, lucency Buff, transparent ASTMD1729
Solid content (resin)/% �50 �50 ASTMD2369
Adhesion/grade �1 �1 ASTMD3359
Fineness/mm <10 / ASTMD1210
Viscosity/s 160–170 80 ASTMD4287
Solvent resistance Excellent Excellent ASTMD5402
Blocking resistance Excellent Excellent ASTMD3003
Repeating baking Excellent Excellent ASTMD2454
Abrasion resistance Good Good ASTMD5178
Pencil hardness 2H–3H 3H–4H ASTMD3363
Impact resistance/cm �50 �50 ASTMD2794
Cupping/mm >6.5 >6.0 ASTME643

a Referenced test standards.

A NOVEL EPOXY GRAFTED THERMOSETTING ACRYLIC RESIN 4059

Journal of Applied Polymer Science DOI 10.1002/app



16. Rossi, A. G.; Charland, G. A.; Stammer, W. C. J Paint Technol
1970, 42, 391.

17. Kut, S. In The Decoration of Plastics and the Effect of Paints on
Plastics. International Plastics Powder Coating Conference, Lon-
don, 1974.

18. Altschuler, L. W. US Patent 4,396,283 (1983).
19. Yabuta, M.; Harada, Y.; Yamada, A.; Nakae, Y.; Nishimura, K.;

Sato, H. US Patent 6,649,700 (2003).
20. Lee, H.; Nevelle, K. Hand Book of Epoxy Resin; McGraw-Hill:

New York, 1972; p 1.

21. Oprea, S.; Vlad, S.; Stanciu, A.; Macoveanu, M. Eur Polym J
2000, 36, 373.

22. Cascaval, C. N.; Rosu, D.; Stoleriu, A. PolymDeg Stab 1997, 55, 281.
23. Kojima, S.; Moriga, T.; Watanabe, Y. J Coat Technol 1993, 65, 25.
24. Sheih, P. S.; Tyler, Jr.; Manuel, C. US Patent 4,596,861 (1986).
25. Patel, H. K.; Golden, R. US Patent 4,751,256 (1988).
26. Broekhuis, A. A.; Kooijmans, P. P.; Van Ogtrop, J. US Patent

6,576,688 (2003).
27. Schwalm, R.; HaEussling, L.; Reich, W.; Beck, E.; Enenkel, P.;

Menzel, K. Prog Org Coat 1997, 32, 191.

4060 ZHENG ET AL.

Journal of Applied Polymer Science DOI 10.1002/app


