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With the ever-increasing focus on environmental protection, the waterborne acrylic resin-based coating has been commonly
used in a wide range of applications due to its flexibility and good UV resistance. Continuous attempts have been extensively
carried out to improve its corrosion resistance and mechanical properties through the doping of different nanomaterials. In this
study, Functionalized Graphene Oxide (FGO) nanosheets covalently bonded to hydroxylated acrylic resins were introduced into
the Hydroxyacrylic Acid Dispersion (HAD) matrix to enhance the performance. To study the effect of grafted hydroxylated
acrylic resin on the morphology and properties of GO nanosheets, the GO and FGO nanosheets were systematically character-
ized with various testing methods, such as FTIR and field-emission scanning electron microscopy (FE-SEM), transmission elec-
tron microscopy (TEM), Raman spectroscopy, X-ray diffraction (XRD) analysis, UV—vis analysis, and thermogravimetric anal-
ysis (TGA). The morphology, physical-mechanical, and anti-corrosion properties of the HAD coalings doped with GO and FGO
nanosheets were compared. The results confirmed that FGO’s dispersion behavior in the HAD matrix was improved after modi-
fication with the hydroxylated acrylic resin, and the interfacial bonds between the HAD-FGO nanosheets were significantly en-
hanced.

Keywords: hydroxyacrylic acid dispersion coating, modified graphene oxide, grafting, mechanical properties, anti-corrosion
properties

Razvoj znanosti in tehnologije ter vedno vedji pomen zasCile okolja na podro¢ju v vodi nastajajoCih akrilnih prevlek omogoda,
zaradi fleksibilnosti in dobre odpornosti pred ultravijoli¢nim sevanjem (UV), njihovo uporabo na mnogih podrodjih.
Znanstveniki in raziskovalci poizkuSajo stalno izboljSati njihovo korozijsko odpornost in mehanske lastnosti s pomocjo
dopiranja z razli¢nimi nano-materiali. Avtorji v pri¢ujoem ¢lanku opisujejo izboljSanje lastnosti prevlek z vpeljavo nano
plo&Cic funkcionaliziranega grafen oksida (FGO), kovalentno vezanega s hidroksilatno akrilnimi smolami, v matrico kisle
hidroksiakrilne disperzije (HAD). S pomodjo razli¢nih metod karakterizacije, kol so: Furierjeva transformacijska infrardeCa
spektroskopija (FTIR), vrsticna elektronska mikroskopija, mikroskopija na emisijo polja (FE-SEM), presevna elektronska
mikroskopija (TEM), Raman-ova spektroskopija, rentgenska difrakcija (XRD), UV—vis analiza in termogravimetrija (TGA), so
Studirali vpliv cepljene hidroksilirane akrilne smole na morfologijo in lastnosti GO ter GO in FGO nanoplos¢ic. Med seboj so
primerjali morfologijo, fizikalno-mehanske in antikorozijske lastnosti HAD prevlek dopiranih z GO in FGO nanoplo&¢icami.
Rezultati raziskav so pokazali, da se je disperzijsko obnaSanje FGO v HAD matrici izboljSalo po modifikaciji s hidroksilirano
akrilno smolo, prav tako pa se je obfutno izboljala povezava na mejah med HAD in FGO nanoplo&¢icami.

Kljucne besede: v kislini dispergirana hidroksiakrilna prevleka, modificirani grafen oksid, cepljenje, mehanske in antikorozijske
lastnosti
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1 INTRODUCTION

Organic coatings have been widely used to protect
metals against corrosion by functioning as a physical
barrier between the metal surface and the corrosive envi-
ronment.! In recent years, with the increased concern
about environmental pollution, waterborne polymer
painting is begining to attract people’s attention. Among
them, acrylic resin is thought to be one of the most at-
tractive polymer materials due to its excellent adhesive,

*Corresponding author’s e-mail:
tjgui@163.com (Taijiang Gui)

Materiali in tehnologije / Materials and technology 55 (2021) 3, 401-409

flexibility, and weather resistant properties.>* However,
for a coating based on waterborne acrylic resin, its hy-
drophilic nature can degrade the performance of the
coating’s barrier, because the corrosive species such as
oxygen, water, and chloride ions can reach the metal/
coating interface through diffusion into the coating po-
rosities.” To make things even worse, the corrosion of
metal beneath the coating can accelerate the loss of ad-
hesion and the blistering of the coating simultaneously.
Thus, its mechanical and anti-corrosion properties still
need to be improved when compared with the traditional
solvent-organic coatings.®
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Recently, with unique structural and physical proper-
ties, graphene or graphene oxide nanosheets have at-
tracted interest due to the 2D structure’s single layer of
carbon atoms.”™® It is a promising nanomaterial in the
field of anti-corrosion due to its outstanding chemical
stability, high specific surface area, and superior barrier
properties. The doping of these nanomaterials into a
polymer matrix provides exceptional mechanical proper-
ties and multi-functional characteristics, which have
been proposed as a better alternative to the traditional
carbon nanotube (CNT).*!! For example, Ken-Hsuan Lia
et al. showed that functionalized GO can be uniformly
dispersed in a thermosetting polyurethane acrylate and
enhance the properties of cured composites.'? Ling Hu
uniformly dispersed modified amine-GO nano-tablets in
Waterborne Polyurethane (WPU), which led to an im-
provement in the glass transition temperature, tensile
strength, and hydrophobicity of the cured WPU coat
ing."” Xiaogang Li et al. prepared novel aniline trimer
functionalized graphene sheets (SAT-G) using the inter-
calation and silanization of trianiline precursor. The
as-prepared SAT-G hybrid displayed good dispersion in
epoxy resin, which was available for filling the defects in
the epoxy matrix and then significantly prevent the per-
meation of aggressive medium from the coating.'*

Although graphene or graphene oxide presents very
promising properties, the strong interlayer force between
the adjacent graphene sheets easily leads to their ag-
glomeration in a polymer matrix.'>'¢ To optimize the dis-
persion behavior of graphene or graphene oxide and
strengthen their interfacial interaction with polymer ma-
trix, a chemical or physical modification of graphene is
needed.'”?° In this paper, GO was first modified with
low-molecular-weight hydroxyl acrylic resin via a dehy-
dration reaction, after which the obtained functional GO
(FGO) was doped into the hydroxy acrylic acid disper-
sion (HAD) by in-situ polymerization. To effectively im-
prove the interface between the FGO nanosheets andt he
HAD, the effect of FGO on the morphology and proper-
ties of the dried HAD coatings was studied.

2. EXPERIMENTAL
2.1 Materials

Squama graphite was purchased from Suzhou
Henggiu Technologies. Concentrated sulfuric acid
(H,SO,, 98 %), hydrochloric acid (HCI), N, N-dimethyl
ethanolamine, and hydrogen peroxide(H,0,, 30 w/%)
were purchased from Sinopharm Chemical Reagent Co.
Ltd. Potassium permanganate (KMnOs, A. R.) and so-
dium nitrate (NaNOs, A. R.) were supplied by Shanghai
Su Yi Chemical Reagent Co. Ltd. The monomers, such
as methylmethacrylate (MMA, C. P.), ethylhexyl acrylate
(2-EHA, C. P.), hydroxyethyl acrylate (HEA, C. P.),
isobornyl methacrylate (IBOMA, C. P.), and acrylic acid
(AA, C. P.) were purchased from Shanghai Sepal Chemi-
cal Factory Co., Ltd. Di-Tert-Butyl peroxide (DTBP,
JiangSu Quan Wei Polymer Materials Co., Ltd) Glycidyl
tertiary carbonate (E10P) was obtained from Momentive
Co., Ltd. THF (A. R.), DMF (A. R.) and dipropylene
glycol mono-n-butyl ether (DPNB) were used without
purification and were purchased from Shanghai
Titanchem Co. Ltd., dicyclohexylcarbodiimide(DCC)
was purchased from Zhanwang Chemical Reagent Co.
Ltd. Isocyanate curing agent, Aquolin®268, Wanhua
Chemical Group Co., Ltd.

2.2 Preparation of functional GO (FGO)

First, graphite oxide (GO) was prepared from flaky
graphite powders using a modified Hummers method.?!?
Second, when MMA, 2-EHA, HEA were used as the
comonomers, BPO as the thermal initiator, and DMF as
the solvent, the low-molecular-weight hydroxyl acrylic
resin (named L-HAR) (Hydroxyl Content: 4.2 %,
M; = 10400, M,, = 33280, PDI = 3.2) was synthesized by
solution polymerization at a T, of 0 °C. Third, L-HAR
was grafted onto a GO nanosheet using DCC as the de-
hydrating agent. Then 0.5 g of GO was mixed with 50
mL of DMF under ultrasonication, followed by adding 5
g of L-HAR and 2 g of DCC. The resulting mixture was
stirred at room temperature for 24 h under a N; atmo-
sphere and was then washed by Di water and centrifuged

Figure 1: Schematic diagram of modifying GO with L-HAR
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three times to remove the unreacted L-HAR, DCC, and
the byproduct dicyclohexylurea(DCU). FGO was ob-
tained after being dried under a vacuum.

Figure 1 presents the schematic diagram of the graft-
ing reaction. As the L-HAR was grafted onto GO via
chemical bonding, the dispersion behavior of FGO into
polymer resins can be effectively improved.

2.3 In-situ preparation of hydroxyl acrylic dispersion

Glycidyl tertiary carbonate (E10P) and acrylic acid
(AA) were added into a three-neck flask equipped with a
stirrer, a thermometer, and a reflux condenser for 4-5 h
at 160 °C.

When the acid value of the reaction system was re-
duced to 30 mg/g, DPNB and a certain amount of FGO
were added at a lower temperature of 120 °C. After that,
the mixture of acrylate monomers (MMA, 2-EHA,
IBOMA, HEA) and the initiator DTBP were added
dropwise for 4-5 h. The reaction was then kept for 1 h at
130 °C. Then the mixture was neutralized with triethano-
lamine and stirred for 2 h at 80 °C to obtain the
FGO-doped hydroxyl acrylic dispersion, which is called
FGO-d-HAD. The reaction mechanism is shown in Fig-
ure 2. The unmodified GO was also doped into the aque-
ous hydroxy acrylic acid dispersion using the same
method (GO-d-HAD) as a reference.

2.4 Coating Procedure

Three sheets of steel panels (one for the mechanical
test and two for the corrosion-resistance test) were pol-
ished using metallographic sandpaper first and then
washed with alcohol to remove the dust. The waterborne
isocyanate curing agent (Aquolin®268) was added to
pure HAD, GO-d-HAD, or FGO-d-HAD. The mixture
was coated onto the pre-treated substrates with an auto-
matic coating machine (BGD 218). The dried coating
was cured at room temperature for about 24 h, and the
thickness of the dried coating was controlled to be
around 100 pm.

2.5 Characterization

The morphologies and structures of the GO and FGO
sheets were observed by transmission electron micros-
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copy (TEM, PHILIPS Tecnai 12) and field-emission
scanning electron microscopy (HITACHI S-4800 ¢o
FESEM), respectively. The samples were treated by
lyophilization to maintain the morphology of the materi-
als. For the TEM imaging, GO or FGO nanosheets were
dispersed in ethanol by sonication for 15 min, and then
transferred to carbon-coated copper grids. FTIR spectra
were recorded on a Perkin-Elmer 16 PC FTIR spectro-
photometer. The Raman spectra were measured with a
Bruker Raman spectrometer (SENTERRA II, Germany)
with a 514-nm laser excitation in the range
1000-2600 cm-'. X-ray diffraction (XRD) was applied
with a SHIMADZU XRD-6000 X-ray spectrometer with
a Cu-K,, filament. UV—vis spectroscopy was conducted
using a SHIMADZU UV3600. Thermogravimetric anal-
yses (PE Pyris Diamond TG-DTA) were performed to in-
vestigate the thermal stability of the GO or FGO
nanosheets, and the measurement was carried out in the
temperature region 25-800 °C with a heating rate of 10
°C/min under nitrogen. Particle sizes and zeta-potential
of the obtained composite (HAD, GO-d-HAD, and
FGO-d-HAD) were measured on 90 Plus/B1-MAS Zeta
plus ZetaPotential Analyzer, Brookhaven Instruments
Corporation. The coating adhesion was tested by GFZ
film adhesion tester according to GB/T 9286-1998. The
coating toughness was tested by QTY-32 paint film
bending tester according to GB/T 6742-2007. The coat-
ing hardness was tested by the QAQ paint film pencil
hardness tester according to GB/T 6739-2006. The coat-
ing mechanical properties were tested by CMT-4304
electronic universal tensile testing machine of Shenzhen
Xinsansi Material Testing Co., Ltd. according to GB/T
9286-1998, the tensile rate was 2 mm/min. In addition,
the tensile fracture morphologies of the different coat-
ings were observed with a scanning electron microscope
(SEM, JSM-6480 JEOL Ltd). The corrosion resistance
of the different coatings was characterized by Tafel po-
larization curves, and salt-spray tests, respectively. The
first was carried out by the CS350H electrochemical
working station. The second was operated by ywx/g-250
salt-spray corrosion-test chamber (Yangzhou hi-tech en-
vironmental test equipment Co., Ltd.) according to GB/T
1771-2007.

Figure 2: Schematic diagram of in-situ preparation of HAD doped with FGO

Materiali in tehnologije / Materials and technology 55 (2021) 3, 401-409
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3 RESULTS AND DISCUSSION
3.1 Characterizations of GO and FGO nanosheets

Figure 3 presents the typical FI-IR spectra for GO
and FGO. The main characteristic features are the ab-
sorption bands related to those stretching vibrations like
C=0 carbonyl and carboxylic groups at 1733 cm!,
C-O-C stretching at 1151lem™!, and C-O stretching at
1060 cm-'. The peaks that appeared at 1632 cm™' and
3410 cm ! are attributed to the C=C and O-H stretching,
respectively.” It should be noted that two absorption
bands related to C-H bands are significantly enhanced
for FGO at 2928 cm! and 2855 cm !, which indicates the
L-HAR linkage with the GO surface. In addition, Ta-
ble 1 presents the intensity of the peaks that are normal-
ized for that of the C=C bond. The decreased relative ra-
tio of O-H/C=C and the increased relative ratios of
C-H/C=C and C=0/C=C suggest that the reaction be-
tween the carboxylic groups of GO with hydroxyl groups
of L-HAR? occurs. These results indicate that the
L-HAR has interacted with hydroxyl
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Figure 3: FT-IR spectra of GO and FGO nanosheets

carboxylic groups on the GO sheets via a dehydration re-
action.

Figure 4: SEM and TEM images for GO a), b) and FGO c¢), d) nanosheets

Table 1: The ratios of relative intensities oblained from the FT-IR spectra of GO and FGO nanosheets

The ratio of the peaks O-H C-H (2927 cm™) C-H(2850cm™) c=0
' C=C C=C C=C C=C

GO 1.03 0.78 0.70 0.61

FGO 0.72 0.93 0.73 0.635
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Figure 5: Characlerizations of GO and FGO nanofillers: a) Raman spectra, b) XRD curves, ¢) UV-vis spectrum, and d) TGA curves

Figure 4 presents TEM and SEM images for the GO
and FGO nanosheets. For pure GO, it shows a typically
lucid and thin layer morphology. However, when it was
grafted by L-HAR, the chemical-bond linking can lead
to the stacking of GO, and the obtained FGO displays a
folding and stacking morphology. The changes in mor-
phology ban affect the properties of the FGO.

To explore the impact of the grafted L-HAR on the
properties of GO, different measurements were applied
and shown in Figure 5.

Two obvious peaks, D band at 1335 cm!' and G band
at 1581 em™' in the Raman spectra of GO and FGO, are
shown in Figure 5a. They are ascribed to the structural
defects and the first-order scattering of the E2g vibra-
tional mode in the GO, respectively. The broadened G
band implies a better exfoliation of the graphene layers.”
In addition, the nearly identical In/Is values between GO
and FGO nanosheets indicate that the covalent bonding
occurs between the polymer chains and GO sheets with-
out significant destruction of the carbon lattice.

The changes between GO and FGO were character-
ized by XRD curves in Figure 5b. The diffraction pat-
tern of GO includes a sharp peak (001) at a low diffrac-
tion angle of 260 = 10.5°, which corresponds to a
d-spacing of 0.766 nm. The phenomenon indicates the
presence of large amounts of oxygen-containing groups
and water molecules trapped between the GO

Materiali in tehnologije / Materials and technology 55 (2021) 3, 401-409

nanosheets. The XRD pattern of FGO nanosheets exhib-
its an intensive peak (001) at 6.7°, which corresponds to
the interlayer d-space of 1.373 nm. Also, a less-intense
diffraction peak (002) can be seen at 26 = 20.5°, which is
related to the amorphous structure of the L-HAR grafted
onto the surface of GO. The increase in d-spacing values
can be attributed to the L-HAR moieties bonding to the
GO surface.

Figure Sc presents UV—-vis spectra of GO and FGO
dispersed in water. For GO, it exhibits two characteristic
features: an intensive peak at 200 nm, which corresponds
to -7 transitions of aromatic C=C bonds.” While for
FGO, the results show that its zz-7r * transitions of aro-
matic C=C bonds have shifted to 197 nm. Besides, the
board peak at around 230 nm being assigned to the
acrylic resin indicates that the L-HAR has been grafted
onto the GO surface successfully.

Figure 5d presents the TGA curves of the GO and
FGO nanosheets under nitrogen. For the former, its
weight loss in the range 20-170 °C can be attributed to
the evaporation of the absorbed water between layers of
the nanosheets, while a significant decomposition that
starts at approximately 180 °C is likely due to the pyrol-
ysis of the unstable oxygen-containing species (such as
the hydroxyl, carbonyl, and carboxylic groups), which
generates gases including CO, CO,, and steam.?® While
for the latter, the grafted polymer chains can inhibit the
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absorption of water, so its weight loss at 20-170 °C is
relatively low. However, as the heat-resistant property of
acrylic resins is relatively worse than GO, it decomposes
completely when the temperature increased beyond
500 °C, so the amount of residual FGO is relatively less
than the pure GO.

3.2 Composite coatings of HAD doped with GO/FGO
nanosheets

The effect of the doped GO or FGO on the properties
of composite coatings was studied. At first, the size and
zeta-potential of the obtained GO-d-HAD and
FGO-d-HAD samples were tested. All the samples pres-
ent a relatively uniform particle size distribution
(PDI < 0.1). Besides, all the zeta-potential is at around
—35 mV, suggesting that the doped GO or FGO has no
detectable effect on the dispersion stability of HAD dur-
ing its storage time. Also, the particle size of HAD is in-
creased with the doped GO or FGO due to the dispersion
effect. When DI water was added, the doped GO or FGO
nanosheets act as the inorganic dispersing agent to pack
more water-dispersible polymer resins and form the
aqueous hydroxy acrylic acid dispersion with a bigger
size during the phase-inversion process. As FGO pres-
ents more compatibility with the organic compounds, the
obtained FGO-d-HAD shows a larger particle size.”

Table 2: Parlicle size and zeta-potential of HAD and GO or
FGO-doped HAD

To cure the HAD samples, the isocyanate curing
agent, Aquolin®268 was added and the mixtures were
coated onto the glass or tinned plate and cured at room
temperature.

Some studies reported that the coatings doped with
GO have an excellent elastic modulus of 250 GPa.?
Thus, the effects of doped GO or FGO on the mechanical
properties of the dried composite coatings were studied
by tensile test. The stress-strain curves of the different
coatings and the corresponded tensile parameters ob-
tained from these curves are shown in Figure 6.
FGO-d-HAD coating demonstrates an increase of the
stress and strain at the break, by an order of 70 % and
92 %, respectively, when compared to the original HAD
coating. While, for GO-d-HAD coating, it presents rela-
tively poor mechanical properties, i.e., the doped GO
might degrade the mechanical property of the cured
composite coating. This could be from the nanoscale
spaces in the coatings, which are created during the cur-
ing process due to the poor compatibility between the
doped GO and polymer resins. However, when the GO
nanosheets are functionalized by L-HAR, their disper-
sibility in the HAD matrix can increase the interlayer
space of nanosheets, which will overcome the van der
Waals forces between the GO sheets and lead to a de-
crease in the surface hydrophilicity and also less agglom-
eration occurs in the case of the FGO-d-HAD coatings.”
The interface of the FGO nanosheets and the cured HAD
interface is completely different from that of the bulk of

Sample Particle size PDI Zeta-potential | the HAD. The FGO nanosheets may provide many
Pure HAD ",(;EI% 0.065 (in;\;)? stress-damping sites in the cured coatings. The bonding
Ggil HAD 101. 0 0'01;1 _‘i"m]iz at the FGO nanosheets/HAD interface is mostly linear
FG(;-t;-HAD l’%glﬁg 0'054 :5528 rather than a more cross-linked structure of the bulk of

— : — HAD. So the FGO-d-HAD interface would be more flex-
0.5
wl A B
FGO-d-HAD 0.4
0.8+ E
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0.2 g
o 04
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Figure 6: Tensile and flexural properties of pure HAD and its nanocomposites: A) stress-strain curves, B) elastic modulus, C) elongation at the
break, D) stress al break
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Figure 7: SEM micrographs from the cross-section of the pure HAD, GO-d-HAD, and FGO-d-HAD samples after tensile test

ible and can easily dissipate the transferred stress with-
out destruction. The presence of numerous interfaces in
the FGO-d-HAD coating will lead to optimization of the
HAD matrix tensile strength property.

The effect of these nanosheets on the fracture-surface
morphology of the dried coating was further investigated
via SEM analysis. Figure 7 shows that the tensile frac-
tured surface of pure HAD is relatively rough with
cracks and ruptured areas, indicating poor stress damp-
ing and crack-deflection properties of the cured coating.
In the case of GO nanosheets, the agglomeration is obvi-
ous at some parts of the fractured surface. Conversely, it
is obvious that the surfaces of FGO-d-HAD coatings are
comparatively more smooth, and no agglomeration can
be seen. This means that most of the FGO nanosheets
were well dispersed in the HAD matrix. The observed
morphologies are in agreement with the tensile-test re-
sults. The improved dispersion and bonding of the FGO
nanosheets are responsible for the appearance of the
fracture at the interface of the FGO/HAD rather than in
the bulk phase.’® The energy dissipation during deforma-
tion occurs at the FGO/HAD interface and increases the
roughness with no crack progress at the fracture surface
after the tensile test.”!

Table 3 summarizes the mechanical properties of the
cured coatings. When GO is doped into the pure HAD,

0.4

0.3 - FGO-d-HAD HAD

02 GO-d-HAD
0.1 4
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Figure 8: Polarization curves of HAD, GO-d-HAD, and FGO-d-HAD
coatings
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pencil hardness is enhanced, which may be attributed to
the accumulated GO nanosheets in the dried coating.’?
However, the aggregated GO can also affect the interior
flexibility and adhesion properties of the cured
GO-d-HAD coatings. Fortunately, the FGO-d-
HAD-based coating has better mechanical properties,
possibly because of the good dispersion of the FGO
nanosheets in the HAD matrix benefits to improve the
mechanical properties of the cured coatings. The disper-
sion behaviors of the GO or FGO nanosheets may have a
tremendous impact on the mechanical properties of the
dried coatings.

Table 3: Mechanical properties of the self-crosslinkable fluorescent
coalings

Samples Pencil Hardness | Flexibility | Adhesion
Pure HAD 2B 1 mm 0
GO-d-HAD HB 3 mm 2

FGO-d-HAD HB 1 mm 0

To explore the effect of GO or FGO on the anti-cor-
rosion property of the cured coating, the electrochemical
corrosion test such as potentiodynamic polarization
curves was performed by soaking the coatings in 3.5 %
NaCl solution (Figure 8). The potentials (E..) and cor-
rosion-current densities (/..r) are calculated by Tafel ex-
trapolation, and the values are listed in Table 4.

Table 4: Electrochemical parameters of the coatings obtained from the
potentiodynamic polarization test

Samples Ecorr and Ioor of the dried coatings
Ecc:rr U = 0] [V) l’corr (AJ"CITIZ]

HAD —0.10018 1.5579 x 10”7
GO-d-HAD —0.15361 6.847 x 107
FGO-d-HAD —0.010235 0.5546 x 10°

Compared with the pure HAD coating, I.. values of
GO-d-HAD and FGO-d-HAD are smaller, which indi-
cates that the corrosion rate of the HAD coating can be
reduced by doping GO or FGO nanosheet. However,
only the E... value of the FGO-d-HAD shifts to a more
positive position, which indicates its better corro-
sion-protection property. It can be explained that the
grafting of GO with L-HAR significantly enhances the
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FGO-d-HAD-400h

Figure 9: Visual performances of HAD, GO-d-HAD, and FGO/HAD
coalings exposed to sall-spray test for 200 h and 400 h

interfacial compatibility and combination between GO
and the HAD matrix, which is beneficial for reducing the
defects of the coating and increasing the barrier property
of the GO nanosheets in the cured composite coatings.*
Various coatings were exposed to salt-spray tests to
evaluate their corrosion resistance. Figure 9 depicts the
visual performance of the coatings after 200 h and 400 h,
respectively. It clearly shows that the corrosion products
are significantly produced around scribes of the original
HAD coating, which indicates poor corrosion resistance.
Doping of the GO or FGO into the HAD coating caused
a visual decrease in the number of corrosion products
around the scribes of the coating. In particular, it can be
seen that the coatings with the FGO dopants resulted in
the least amount of corrosion products created around
the scribes. A larger disbonding area of the HAD and
GO-d-HAD coatings after being exposed to the
salt-spray test confirms that the FGO nanosheets are ca-
pable of enhancing the corrosion resistance of the dried
coating. In addition, doping FGO into the HAD coating
enhances the performance of the coating’s corrosion pro-
tection better than GO-d-HAD and pure HAD coatings.

408

4 CONCLUSIONS

Aqueous hydroxy acrylic acid dispersions (HAD)
doped with GO and functionalized/hydroxylated acrylic
resin grafted GO(FGO) were prepared. Various charac-
terizations demonstrated that the hydroxylated acrylic
resin was successfully grafted onto the surface of the GO
nanosheets. TEM and SEM analyses revealed that such
hydroxylated acrylic resin functionalization of GO
changed its dispersion behavior, which could benefit the
interfacial interaction with the GO nanosheet and
acrylate resin matrix and provided ameliorating effects in
the improvement of mechanical and anti-corrosion prop-
erties of the FGO-d-HAD composite coatings. This work
paves a new way to functionalize GO and its application
into the waterborne resins to enhance the properties of
the cured coatings.
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