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Abstract Herein, novel microcapsules were designed and synthesized by emulsion polymerization

and used for self-healing coating for magnesium alloy. Polyaniline (PANI) was used directly as a

capsule shell, and thermoplastic acrylic resin was used as the core material. Polymerization pro-

cesses of microcapsules were observed by optical microscopy, and some key polymerization param-

eters were discussed. Composite microcapsules were analyzed by scanning electron microscopy,

infrared spectroscopy, and thermogravimetric analysis. The corrosion protection performance of

microcapsule and epoxy varnish coatings with defect was tested by electrochemical impedance spec-

troscopy. Results showed that the microcapsule coating had a higher corrosion protection than

epoxy varnish coating because capsule core acrylic resin could significantly improve the shield per-

formance of the defect coating and capsule shell PANI could inhibit the corrosion reaction of mag-

nesium alloy.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Self-healing technology was developed to improve the corrosion pro-

tection of organic coatings. One of the most important strategies to

achieve self-healing is to use microcapsule hosting systems for encapsu-

lation of repair agent, as first proposed by White et al. in 2001 (White

et al., 2001). The outer layer of the microcapsule is called the capsule

shell, and the inner repair agent is called the core material. The micro-

capsule containing the repair agent is typically embedded in the poly-

mer matrix material. The repair agent is released and functions when

cracks or defects appear in the coating, thereby suppressing corrosion.
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Table 1 Basic properties of acrylic resin.

Solid Content

(wt.%)

pH Viscosity (mPa.s) Curing time (h)

13.3 3.5 � 4 3.4 5.2
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From the latest reports, the core material includes corrosion inhibi-

tors and monomers of polymers. The corrosion inhibitor can leach into

the coating defect and inhibit the electrochemical reactions occurring

at the exposed metal substrate. However, most of the chemical inhibi-

tors can only retain the corrosion resistance for a short period. For

long-term protection, polymeric healing agents are preferred because

the crosslinking reaction between the monomer (healing agent) and

curing agent at the damage site can repair the coating’s barrier prop-

erty (Pulikkalparambil et al., 2018; Zhang et al., 2018). Epoxy resin

(EP) and their hardeners (Cosco et al., 2006; Siva and

Sathiyanarayanan, 2015), namely, dicyclopentadiene monomers, poly-

dimethylsiloxane prepolymers (Cho et al., 2009), isophorone diiso-

cyanate (Wang et al., 2014); flax oil (Leal et al., 2017; Lang and

Zhou, 2017), and tung oil (Li et al., 2017), have been successfully used

as healing agents.

Compared with the study of the core material (repair agent), the

capsule shell material has received less attention. In recent studies,

polystyrene (Dong et al., 2015), polyurethane (Beglarigale et al.,

2018), melamine formaldehyde resin (Li et al., 2016), and urea–

formaldehyde resin (Dong et al., 2016) were the most selected shell

materials for encapsulation healing agents due to their good mechan-

ical properties (Lv et al., 2020). These shell materials are also polymers

that play key roles in the protection of the core material (healing

agents) before rupture. Therefore, healing agents only work when

the capsule shell is ruptured. When in complete form and the healing

agents will not flow out, the microcapsule cannot self-heal even if small

defects, which result in corrosion, are present. Notably, electrochemi-

cal reactions are immediately inhibited when the capsule shell consists

of certain corrosion inhibition materials. Liu et al. successfully pre-

pared PUF MCs poly(urea–formaldehyde)-shelled microcapsules with

inhibited adhered corrosion inhibit or nano-CeO2 to improve the coat-

ing’s performance (Liu et al., 2022).

Polyaniline (PANI) is one of the most investigated conducting

polymers due to its facile synthesis, unique doping characteristics,

and environmental stability. Our previous work also found that PANI

coating exerts good corrosion protection on the surface of magnesium

alloy and mild steel (Zhang et al., 2011; Zhang et al., 2017). Several

efforts have been exerted to introduce PANI to shell materials of

microcapsules using a two-shell structured inhibitor-loaded PANI

through a traditional method (Han et al., 2022). After reviewing and

analyzing relevant literature, different morphologies of PANI, such

as hollow spheres, capsules (Ma et al., 2015), nanofibers (Ma et al.,

2016), microfibers (Wang et al., 2016), and nano-ribbons and nano-

plates (Adhikari et al., 2022), have been obtained by employing hard

templates, soft templates, and other effective means (Ma et al.,

2016). PANI has also been explored as a membrane material

(Alhweij et al., 2021; Xu et al., 2022). The innovation of this paper

is that PANI was used directly as a capsule shell material. Therefore,

PANI played two important roles: encapsulating the core and corro-

sion inhibition.

This research aimed to find the optimal conditions for the prepara-

tion of micro-capsules with PANI as a shell and homemade thermo-

plastic acrylic resin as the core by emulsion polymerization for use in

anticorrosive coatings. The structure and performance of the micro-

capsules were analyzed, and the corrosion protection effect of these

microcapsules was proven.

2. Experimental

2.1. Materials

Aniline was purchased from Chengdu Colon Chemical Co.,
Ltd. and distilled under vacuum before use. Ammonium per-

sulfate (APS, 98%) was obtained from Shanghai Aladdin Bio-
chemical Technology Co., Ltd. Hydrochloric acid (HCl, 36–
38%) was supplied from Chongqing Chuandong Chemical
Co., Ltd. Ammonia (NH3(aq), AR), n-butyl alcohol (AR),
xylene (Xyl, AR), and polyvinylpyrrolidone-K30 (PVP, AR)
were obtained from Chengdu Colon Chemical Co., Ltd. Poly-

vinyl alcohol (PVA, �98%) was purchased from Sinopharm
Chemical Reagent Co., Ltd. EP was supplied from Nantong
Star Synthetic Materials Co., Ltd. Acrylic resin was synthe-

sized in the lab, and some basic properties are listed in Table 1.
Magnesium alloy AZ31B (chemical composition (wt.%): Al

2.5%-3.5%, Si 0.08%, Ca 0.04%, Zn 0.6%-1.4%, Mn 0.2%-

1.0%, Cu 0.01%, Ni 0.001%, and Mg balance) was selected
as the matrix material in the experiment.

2.2. Synthesis of PANI microcapsules

PANI-acrylic resin microcapsules were synthesized via emul-
sion polymerization, and the synthesis process was accom-
plished as follows. Fig. 1 shows a sketch map of the

synthesized microcapsules. HCl was diluted with deionized
water at a ratio of 1:1, and it was used to adjust the pH to
1–2 under stirring. The resulting product was called acidized

aniline. Simultaneously, emulsifier PVP, protective colloid
PVA solution, and acrylic resin were added to a round-
bottom flask and stirred for a certain period. Next, we dropped

10% acidified aniline to a round-bottom flask at a constant
stirring speed and left it to react for 1 h. Next, partial oxidant
APS was also added and left to react for 1 h. The remaining
90% acidified aniline was added to react for 1 h. Then, the

remaining oxidant APS was continuously added to a flask
using a micro-pump, and the reaction was allowed to proceed
for 12 h. The reaction mixture was filtered with a filter paper,

and the powder was collected after rinsing with deionized
water and dried at 40 �C in an oven.

2.3. Characterization of microcapsules

The morphology and surface features of the microcapsules were
observed by optical microscopy (OM, SK2009H2, China).

Scanning electron microscopy (SEM; VEGA 3SBU, Czech
Republic) was employed to characterize the morphology of
microcapsules and coating surfaces, and the microcapsules were
vacuum-sprayed by gold before characterization by SEM. A

Fourier-transform infrared spectrometer (FT-IR; Frontier
Near, Platinum Elmer, USA) was used to determine whether
the microcapsules were successfully encapsulated. Spectra were

collected from 400 cm�1 to 4000 cm�1. Thermogravimetric
analysis (TGA; STA-409PC, Germany) was used to measure
type and mass of material lose during heating with time and

temperature. The temperature was gradually increased to
800 �C at a heating rate of 10 �C/min during testing.

2.4. Preparation and characterization of coatings

The magnesium alloy matrix was polished with 180 and 400-
mesh sandpaper and then cleaned with deionized water and



Fig. 1 Sketch map of synthesized microcapsules.
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anhydrous ethanol. Two kinds of coatings were prepared as
follows. Firstly, epoxy varnish coating (EP) was prepared by
adding 10 g of epoxy resin, 1.4 g of Xyl, and 0.6 g of n-butyl

ester to a beaker and mixed properly followed by addition of
6 g of a curing while mixing thoroughly. The second, micro-
capsule coating was prepared by adding 10 g of epoxy resin,
0.2 g of polymerized PANI microcapsules, 1.4 g of Xyl, and

0.6 g of n-butyl ester to a beaker under mixing followed by
the addition of 6 g of curing agent to the resulting mixed mix-
ture to produce a uniform mixture. Next, about 6 g of curing

agent was added to the beaker and mixed well with the mix-
ture. A non-magnetic thickness gauge (PosiTector 6000,
USA) was used to measure the thickness of the sample; the

middle part of the sample was measured 10 times, and the
average value was obtained. The sample with a coating thick-
ness of about 90 lm was used for electrochemical testing.

Electrochemical impedance spectroscopy (EIS) was carried
out on an electrochemical workstation (VersaSTAT3F, USA).
In this work, 3.5 wt% NaCl solution was used as corrosion
medium. A three-electrode system was used, in which platinum

electrode was the auxiliary electrode, Ag/AgCl saturated
potassium chloride electrode was the reference electrode, and
magnesium alloy sample with coating was the working elec-

trode. The AC impedance measurement frequency range was
0.01–100,000 Hz, and amplitude was 30 mV. To observe self-
healing, before the test, a defect with 10 mm � 0.2 mm was

made on the surfaces of the coating by a sharp blade and
placed in the air for 24 h.

3. Results and discussion

3.1. Synthesis of PANI microcapsules

The formation of microcapsules described in section 2.2 was
monitored by OM producing images captured at various
stages of the micro capsulation process (Fig. 2). Fig. 2a dis-

plays the milky white emulsion that formed after 45 min (step
2, Fig. 1). The figure also shows the formation of a regular
ball. Fig. 2b displays the images created after the addition of
acidified aniline for 1 h (step 3). The solution turned light yel-
low, and portion of aniline was adsorbed on the emulsified ball
surface. Fig. 2c presents a photo obtained after the addition of

partial APS for 1 h (step 3). The surface of emulsion droplets
was green, which indicates that portion of PANI had been
polymerized on the surface of emulsion, which benefitted the
deposition of subsequent aniline. Fig. 2d shows an image of

the residual acidified aniline added after 30 min (step 4). Before
dropping APS, the aniline monomer was continuously
absorbed on the surface of the emulsion droplets. During the

continuous dropping of APS, the color of the emulsion turned
green and gradually deepened (step 5), which indicated that
PANI was polymerized continually and deposited on the sur-

face of emulsion droplets (Fig. 2e). When the reaction was
completed (Fig. 2f), the emulsion was dark green, and several
spherical capsules were formed.

3.2. Experimental factors influencing the yield and

characteristics of synthesized microcapsules

To explore the optimal synthesis process of PANI microcap-

sules, we studied the related influencing factors, such as stirring
rate, oxidant APS dosage, and oxidation polymerization time.
The synthesized microcapsules under different conditions were

diluted to 1:3 with deionized water and then observed under
OM. After observation, the sample was poured into a plastic
bottle, and SEM was conducted for characterization.

3.2.1. Effect of stirring rate on the synthesis of microcapsules

On the basis of previous exploration experiments, different
stirring rates during microcapsule polymerization, such as

200, 400, 500, 600, and 700 r/min, were analyzed in this paper.
Fig. 3 shows the morphology of the microcapsules at different
stirring rates. The stirring rate could produce different shear

strengths and may affect the particle size of latex and amount
of microcapsules during synthesis. When the stirring rate was
low, such as 200 and 400 r/min, the particle size of the emulsi-
fied capsule core (acrylic resin) was large, and the formation of

form stable emulsion droplets and complete spherical shell was



Fig. 2 Monitoring PANI microcapsule formation by Optical Microscopy (OM) a-emulsification for 45 min, b-with addition of 10%

acidified aniline, c-with addition of 10% APS for 1 h, d-after 30 min of residual aniline addition, e-after residual APS addition, f-

completed reaction.
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difficult to achieve (Fig. 3A and 3B). Therefore, few complete
microcapsules were formed (Fig. 3a and 3b). When the stirring

rate was 500 r/min, the microcapsules with a regular spherical
shape formed, but the particle size was not uniform (Fig. 3C).
A few microcapsules were observed during SEM (Fig. 3c).

When the stirring rate increased to 600 r/min, more microcap-
sules formed compared with that under other stirring rates
(Fig. 3d). When the stirring rate was 700 r/min, the particle size

of the microcapsules was small (Fig. 3E), but the number of
polymerized microcapsules did not increase. Therefore, 600
r/min was chosen during synthesis.
3.2.2. Effect of oxidant dosage on the synthesis of microcapsules

OM and SEM images of microcapsules under different Ammo-
nium persulfate (APS) oxidant dosages (3, 5, 7, 10, and 60 g)
Fig. 3 OM (top) and SEM (bottom) of synthesized microcapsules at

D,d-600r/min; E,e-700r/min.
are shown in Fig. 4. Figure shows that when amount of the
added oxidant APS increased so is the polymerization rate of

aniline. When the added amount of APS was only 3 g, the
polymerization of PANI on the emulsion surface was slow
(Fig. 4A). When the addition amount of APS increased to

5 g, more microcapsules were observed (Fig. 4B and 4b).
The amount of oxidant gradually increased to 7, 10, and
60 g. Aggregates of PANI with clusters increased, which indi-

cated that PANI was not deposited on the surface of the emul-
sion as shell structure but polymerized directly in the solution
(Fig. 4c-4e). The surface of the microcapsules was not dense
and continuous, but it was formed by the accumulation of

PANI aggregates. The SEM results showed that the oxidant
amounts of 3, 7, and 10 g led to poor synthesis effects and
low cladding rates. Thus, the optimum addition amount of

the oxidant was 5 g.
different stirring rates A,a-200r/min; B,b-400r/min; C,c-500r/min;



Fig. 4 Comparison of OM and SEM under different oxidant dosages. A,a-3 g B,b-5 g C,c-7 g D,d-10 g E,e-60 g.
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3.2.3. Effect of oxidation polymerization time on the synthesis of
microcapsules

The different oxidation polymerization time was also discussed

by controlling the addition time of the oxidant of APS in
microcapsule synthesis. The addition time were 1, 3, 4, 5,
and 7 h. The micropump was used to control the dropping

quantity of APS. The oxidation polymerization times of 1
and 3 h, were insufficient to deposit aniline on the membrane
layer on the surface of resin microspheres and led to its rapid

polymerization. With the rapid increase in the oxidant dosage
in the system, the polymerization rate of aniline increased,
which aggravated the agglomeration of PANI. Therefore, a
dense shell structure was hard to form, which resulted in a

few synthesized microcapsules (Figurse 5a and 5b). When the
oxidation polymerization time increased to 5 or 7 h, the oxi-
dant concentration in the solution was the low due to slow

feeding speed. The deposition rate of PANI decreased, and
the time for forming a thick continuous capsule shell increased
(Fig. 5d and 5e, respectively). The stability of the capsule shell

structure decreased under stirring conditions. The oxidation
polymerization time of 4 h was sufficient to deposit on the
membrane layer on the surface of resin microspheres and form

a continuous capsule shell. Fig. 5c also shows that microcap-
sule had a smooth shell. These results showed that 4 h was
the optimum oxidation polymerization time.

3.3. Characterization of PANI microcapsules

Microcapsules were successfully synthesized through the syn-
thesis process studied above. The optimum process parameters

for the synthesis of polyaniline microcapsules are as follows:
the stirring rate was 600 r/min, addition amount of oxidant
was 5 g, oxidation polymerization time is 4 h. Fig. 6 shows

the SEM micrographs of the synthesized microcapsules under
optimal conditions. As shown in Fig. 6a, the overall surface
morphology of microcapsules was compact and tight, and no

shrinkage phenomenon occurred, which indicates that the cap-
sule shell had good coating performance and good stability.
The number of microcapsules was high, and the morphology
was spherical. The cracked microcapsule in Fig. 6b indicated

that the thickness of the capsule shell was about 4 lm.
Fig. 7 displays the FT-IR results of acrylic resin, PANI, and

microcapsules. For acrylic resin, the absorption peaks at 1730

and 3266 cm�1 were the characteristic peaks of C = O and –
OH (Hassan et al., 2014); respectively. The band at 2953 cm�1

was assigned to the CH3 stretching vibration. PANI spectrum
showed the absorption peaks at 1020–1360, 1470, and
1587 cm�1, which were the characteristic peaks of aromatic

amine C-N, quinone structure N-B-N, and benzene structure
N = Q = N (Parsa and Ghani, 2009; Ajeel and Kareem,
2019), respectively. Simultaneously, the distinct peaks of

C = O, CH3, and –OH in acrylic resin and aromatic amine
C-N, quinone structure N-B-N, and benzene structure
N = Q = N in PANI could be observed on the spectrum of

the microcapsule. But there was no change of the characteristic
peaks. Thus, PANI and acrylic resin coexisted in the microcap-
sule, which indicates the successful synthesis the PANI-coated
acrylic resin microcapsule.

TGA of acrylic resin, PANI, and microcapsules are shown
in Fig. 8. Weight loss of acrylic resin occurred before 100 �C
because of the solvent, which was introduced during synthesis.

The weight of acrylic resin decreased sharply at about 150 �C,
indicating that this temperature was the thermal decomposi-
tion temperature of acrylic resin. When the temperature

reached 700 �C, the total weight of acrylic resin approached
zero. PANI began to lose weight after 100 �C and presented
a gradient in the thermal decomposition curve. The weight

of the sample remained about 40% after 800 �C. The weight
loss curve of the microcapsule had a similar variation trend
as that of acrylic resin before 150 �C presumably attributed
to the loss of acrylic resin caused by pyrolysis. The second

stage of weight loss of microcapsules was attributed to the
simultaneous pyrolysis of acrylic resin and PANI. The residues
of microcapsules were about 30% after 800 �C.

3.4. Effect of microcapsules on the protective performance of

defect coating

Fig. 9 illustrates the EIS results of EP coating and 2% micro-
capsule coating with scratch immersed in 3.5 wt% NaCl solu-
tion for different times. After 4 h of immersion for the EP

coating, two capacitive arcs in the Nyquist plot and two-time
constants in the Bode diagrams were observed (Fig. 9a and
9b). The solution could penetrate into the magnesium alloy
surface due to the existence of defects. Low-frequency impe-

dance of defective EP coating was 1.1 � 107 X�cm2. With the
increase in the immersion time, the solution rapidly penetrated
the coating to destroy the protective performance and the



Fig. 5 Comparison of OM and SEM under different oxidation polymerization times. A,a-1 h B,b-3 h C,c-4 h D,d-5 h E,e-7 h.

Fig. 6 Microcapsule SEM images (optimal conditions: stirring rate was 600 r/min, addition amount of oxidant was 5 g, oxidation

polymerization time is 4 h).
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impedance value gradually decreased. One inductance arc
became evident after 144 h of immersion (Fig. 9a, inset), which

was attributed to the adsorbed intermediates during the corro-
sion of magnesium alloy and suggested occurrence of serious
corrosion (Jamesh et al., 2011; Shao et al., 2009; Song et al.,

1997). Under immersion for 336 h, the EP coating had lost
protective capability for magnesium alloy, and low-frequency
impedance reduced to 1.3 � 104 X�cm2.

The impedance value of 2% microcapsule coating with
defect showed different characteristics from the EP coating
under 480 h of immersion. During the initial immersion, the
microcapsule coating showed one arc in the Nyquist plot

and a high impedance value (Fig. 9c and 9d), which indicated
that the coating had better shielding capability to the solution.
When the microcapsule coating was destroyed, the capsule-

core acrylic resin could flow out and be cured in a short time,
thereby repairing the minor defect of the coating. For 144 h,
the impedance value of the 2% microcapsule coating decreased

to 7.1 � 109 X�cm2, and two capacitive arcs were observed
(Fig. 9c, inset). This result indicated that NaCl solution had
reached the interface between the coating and magnesium
alloy, but the corrosion reaction was mild because of high

impedance values. As the immersion time increased continu-
ously, the impedance values slowed down.

The equivalent circuit diagrams in Fig. 10 were employed to

fit the EIS data, and the fitting results are shown in Fig. 9 with
a solid red line. Based on the characteristics of the EIS of the
EP coating, Model A (two time constants) was used prior to
first before 144 h of immersion, and Model B was used because
of the inductance arc. The 2% microcapsule coating had one

capacitive arc. Thus, Model C was used at the beginning of
immersion. Model A was also selected when two capacitive
arcs were observed. For all equivalent circuits, Rs represents

electrolyte resistance, and Qc and Rcoating denote the coating
capacitance and coating resistance, respectively. Qdl and Rt

indicate the double-layer capacitance and charge transfer resis-

tance of the coating-metal interface, respectively. L and RL are
the inductance and inductive resistance, respectively.

Fig. 11 shows the trend with time of coating resistance
Rcoating of the EP and 2% microcapsule coatings. The low

Rcoating of EP at the beginning of immersion, 9.4 � 104 X�cm2,
was attributed to the artificial defect. The trend of Rcoating of
EP showed a small decrease with time, which was related to

the increase in the wet area under the coating. Random varia-
tions in Rcoating with the immersion time resulted in the forma-
tion of some corrosion products on the metallic surface. The

2% microcapsule coating had a very high value of Rcoating at
2.3 � 1012 X�cm2 under 4 h of immersion. This value dropped
gradually as the immersion time increased, but it was higher
than that of the EP coating during the whole process. Micro-

capsule rupture and core acrylic resin flowed to the defect
and were cured when the microcapsule coating suffered from
damage. Therefore, the defect was repaired in a timely manner,

the shielding performance of the coating was enhanced, and
the reduced corrosive liquid entered the coating at the begin-
ning of immersion. However, continuously penetrated corro-



Fig. 7 FT-IR of composite microcapsules, PANI and acrylic

resin.

Fig. 8 TGA of acrylic resin, PANI, and the microcapsule

composite.
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sive medium caused the value of Rcoating to gradually decrease

with the increase in immersion time.
Fig. 12 shows the variation curve of charge transfer resis-

tance Rt with time of the EP and 2% microcapsule coatings.
The Rt of the coating added with microcapsules was consider-
ably higher than that of the EP coating during the whole pro-
cess. The Rt of the EP coating remained unchanged before 96 h

of immersion, reduced slowly until 336 h of immersion, and
maintained stability until the end of immersion. The Rt of
the EP coating was 3.9 � 103 X�cm2 after 480 h of immersion.

The macrophotograph of the EP coating showed extensive
white corrosion around the defect and some corrosion away
from the defect after 1000 h immersion (Fig. 13a). Before

144 h, the lack of Rt indicated that the corrosive medium
had not fully reached the substrate and the magnesium alloy
was protected via the barrier properties of the 2% microcap-
sule coating. Thereafter, the Rt was 2.7 � 109 X�cm2, and it

maintained steady levels until 312 h of immersion. The Rt of
the 2% microcapsule coating decreased gradually until 480 h
of immersion (1.6 � 108 X�cm2). The high value of Rt indicated

that the magnesium alloy beneath the microcapsule coating
experienced difficulty with the occurrence of the corrosion
reaction and low corrosion rate. The 2% microcapsule coating

had some corrosion around the defect, and the other areas
maintained their metal luster (Fig. 13b). According to previous
research, PANI in coatings can inhibit the corrosion of magne-

sium alloy due to the formation of a protective film. The
microcapsule shell was PANI, which had corrosion inhibition
effect. Therefore, the 2%microcapsule coating had a corrosion
inhibition effect on magnesium alloy, regardless of any posi-

tion. Around the defect, penetrative corrosive medium led to
some corrosion in spite of the corrosion inhibition function
of PANI. In other areas, the PANI capsule shell inhibited cor-

rosion but did not rupture.

3.5. Corrosion protection mechanism of microcapsule coating

Fig. 14 shows the protection mechanism of microcapsules
coating. The self-healing effect of the PANI microcapsule coat-
ing on magnesium alloy substrate is reflected in two aspects.

First, the capsule shell PANI could exert a corrosion inhibition
effect on magnesium alloy at any time, regardless of whether
the microcapsules were broken. Second, after the microcap-
sules were broken, acrylic resin flowed out and solidified,

and defects were rapidly repaired to restore the shielding per-
formance of the coating. Thus, when the coating has tiny
defects such as micropore defects, PANI plays the roles of cor-

rosion inhibition and self-healing. When the coating received
large defects such as damage, PANI on the shell of the capsule
quickly played a role of corrosion inhibition and repair. By

contrast, acrylic resin on the core of the capsule quickly solid-
ified, repaired the shielding effect and improved the protective
performance of the coating by double coordinated repair.

4. Conclusions

PANI microcapsules containing acrylic resin were successfully synthe-

sized by emulsion polymerization under optimal producing conditions,

and analyzed by SEM, FTIR, and TGA. The microcapsules were

added in epoxy resin, and the coating was prepared on the surface

of the AZ91D magnesium alloy. The EIS test results indicated that

the microcapsule coating had better corrosion protection for magne-

sium alloy after 480 h of immersion in spite of its defect. PANI as a

capsule shell played a role in corrosion inhibition and repair, and

acrylic acid as a capsule core solidified and repaired the shielding effect

of the coating. The addition of PANI microcapsules to epoxy coating



Fig. 9 Impedance diagram of two kinds of coatings immersed in 3.5% NaCl solution. a) Nyquist plot of EP coating; b) Bode plot of EP

coating; c) Nyquist plot of 2% microcapsule coating; d) Bode plot of 2% microcapsule coating.

Fig. 10 Equivalent circuit model.

Fig. 11 Rcoating versus different times. Fig. 12 Rt versus different times.
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Fig. 13 Surface morphologies of EP (a) and microcapsule (b) coatings after 1000 h immersion.

Fig. 14 Schematic of protection mechanism of the microcapsule coating.
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is a promising technique for corrosion protection of metals. However,

there are still many details to consider, for example, the corrosion pro-

tection of microcapsule coating could be affected by additive amount

and particle size of microcapsules.
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