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It is important to realize that benzoate was intercalated into hydrotalcite (HTC-Bz) by the co-precipitation
method. In this case, acrylic coating with 0.5 wt% HTC-Bz was deposited on carbon steel using the spin
coating method. Next, the HTC-Bz structure was characterized by Field emission scanning electron microscopy
(FESEM), X-ray diffraction (XRD), and Fourier transform infrared spectroscopy (FT-IR). In fact, an ultraviolet
vision spectroscopy (UV-Vis) was used to determine the benzoate content in HTC-Bz, and the UV absorption
ability of HTC-Bz. Using electrochemical techniques, water contact angle measurement, and thermal-gravimetric
analysis, we compared the protective properties before and after QUV test, hydrophobicity and the thermal
stability of acrylic coating containing HTC-Bz. The obtained results showed that HTC-Bz with a plate-like
structure was successfully synthesized; benzoate was intercalated into the interlayer of hydrotalcite with
a concentration of 28 wt%. Additionally, it was noted that HTC-Bz has an UV absorption peak at 225
nm. In conclusion, the addition of HTC-Bz enhanced the UV stability, hydrophobicity and the thermal stability

of acrylic coating.
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1. Introduction

Acrylic coatings are interesting to scientists and manu-
facturers because of good properties such as weather
resistance, mechanical strength and high chemical
resistance. They are often used as a top coating in paint
systems for outdoor conditions. Solvent based acrylic
coatings are often used on steel structures, fuel tanks and
auto parts [1,2]. In recent years, environmentally friendly
coatings such as weather-durable coatings have been in-
vestigated to minimize environmental pollution. Organic
coating systems are often degraded rapidly by environ-
mental factors such as ultraviolet rays, heat and humidity.
Among these factors, ultraviolet rays are the main factor
causing the degradation of coating properties such as
cracks, delamination, discoloration and change of mechan-
ical properties [3]. To enhance the durability of the coating
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exposed to UV radiation conditions, the organic/inorganic
UV absorbers such as benzophenone cinnamic acid,
2,4-dihydroxybenzophenone-5-sulfonate [4-6], titanium
dioxide (Ti0,), zinc oxide (ZnO), graphene oxide (GO)
[7-9] were added to the coatings. Inorganic nano-sized
additives are usually more durable but the size of these
nanoparticles must be smaller than the wavelength of the
visible region (400 nm - 800 nm). Organic additives with
low molecular weight are not fixed in the polymer matrix
and leak easily from the coating, which leads to changing
UV stability of coatings. To resolve this issue, light stabil-
izers or organic UV absorbers are inserted in materials
with lamellar structure, as hydrotalcites [10,11].
Hydrotalcites, known as anion clay, have structures
consisted of positive charge hydroxide layer and ex-
changeable anions in the interlayer. With anion ex-
change capacity, they can be modified with different
anions and applied in many fields due to their flexible
properties. Hydrotalcites can be used as absorbents, cata-
lyst precursors, drug containers, corrosion inhibitor con-
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tainers and light stabilizers in polymers [11-15]. In re-
cent years, there are many researches focused on the use
of hydrotalcites as additives for polymers coating to en-
hance the protective properties of coatings, anti-ultra-
violet ability of coatings and thermal stability of coating
[16,17]. The hydrotalcites, with brucite-like layer struc-
tures, have large surface area, so they can cover surface
of coating better than common inorganic nano-sized
additives. The hydrotalcites have been modified with
UV absorbers, light stabilizers such as dodecylsulfate,
2,4-dihydroxybenzophenone-5-sulfonate, 3,4-dihydrox-
ycinnamic acid, p-aminobenzoic acid, derivatives of ben-
zoic acid and hindered amine light stabilizer (HALS)
[6,11,18-21]. Combinations of hydrotalcites and 2,4-di-
hydroxybenzophenone-5-sulfonate or derivatives of ben-
zoic acid give higher thermal stability and better UV ab-
sorption capacity [6,20]. In several coatings (propylene,
polyvinyl chloride), the presence of hydrotalcites con-
taining UV stabilizers enhanced the stability of these
coatings. The hydrotalcite intercalated with hindered
amine light stabilizer (HT-HALS) improved the light
stability and reduced the rate of photo-oxidation of pro-
pylene film [11,21]. The hydrotalcite intercalated with
2-hydroxy-4-methoxybenzophenone-5-sulfonic acid en-
hanced the thermal and weather stability of polyvinyl
chloride [22].

In previous studies, hydrotalcite containing benzoate
was used as an anti-corrosion additive in the epoxy coating
for corrosion protection of carbon steel [23-24]. Benzoate
has both corrosion inhibition and ultraviolet absorption
ability, therefore hydrotalcite intercalated with benzoate
can be used as UV absorber for organic coatings. This
work aims to study the effect of hydrotalcite intercalated
with benzoate on UV and thermal stability of acrylic
coating. Hydrotalcite intercalated with benzoate (HTC-Bz)
was fabricated by the co-precipiation method and charac-
terized by FESEM, XRD, FT-IR, UV-Vis. The influence
of HTC-Bz on the UV resistance, hydrophobicity, thermal
stability of acrylic coatings was evaluated by electro-
chemical techniques, water contact angle measurement,
and thermal-gravimetric analysis. The surface of coatings
was observed by SEM.

2. Experimental Methods
2.1 Materials

Aluminum nitrate nonahydrate (Al(NOs)3.9H,0) (98%),
Zinc nitrate hexahydrate (Zn(NOs),.6H,0) (98%) from
Sigma Aldrich were used for fabrication of hydrotalcite.
Sodium benzoate (C;HsO,Na) (99%) from VWR is used
as an organic compound.
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XC 35 carbon steel was used as the substrate. The di-
mension of steel plates was 15 cm x 10 cm % 0.2 cm.
Before application of coatings, the steel sheets were pol-
ished with abrasive papers from grade 80 to 400, cleaned
with ethanol and then dried.

For preparation of acrylic coating, Dianal BR-116 solid
acrylic resin with an equivalent weight of 45000 g/eq from
Misubishi was used. Dianal BR-116 particles were dis-
solved in xylene (60% xylene).

2.2 Fabrication of hydrotalcite laminated by benzoate

Hydrotalcite laminated by benzoate (HTC-Bz) was fab-
ricated by the co-precipitation reaction. Solution A is a
salt mixture of Zn(NOs), and AI(NOs); (molar ratio of
Zn*"/AP" = 2/1). Solution B is a mixture of two solutions:
benzoate solution and sodium hydroxide solution. Solution
B was kept under nitrogen atmosphere at room temper-
ature and pH = 8 — 9. Solution A was added to solution
B with vigorous stirring. Then slurry was kept at 50 'C
for 24 h under nitrogen atmosphere. The white precip-
itation formed was washed with large amounts of degassed
distilled water before drying at a temperature of 70 'C
for 24 h.

The schematic diagram of chemical reaction process of
hydrotalcite laminated by benzoate is as following:

NaOH Aging

Zn(IT)+ AI(TIT) + Benzoate — > Precipitates — >
pH=8-10

HTC-Bz

2.3 Preparation of acrylic coating containing hydrotalcite
laminated by benzoate

Acrylic resin was dissolved in xylene. HTC-Bz was dis-
persed in acrylic resin with a concentration of 0.5 wt%
by stirring for 30 min and then sonicated with ultrasonics
for 15 min and finally stirred for 24 h. The spin coating
method was used to deposit acrylic coatings on the cleaned
steel substrate. These coatings were dried at room temper-
ature for 30 days. The thickness of dried coatings was
30 £ 5 um (measured by Minitest 600 Erichen digital
meter).

2.4 Characterization

Powder X-ray diffraction patterns of hydrotalcite (HTC)
and hydrotalcite laminated by benzoate (HTC-Bz) were
obtained on Siemens diffractometer D5000 using CuKoa
radiation (A = 0.15406 nm) at room temperature from 1°
to 70" with scanning speed of 2.6 °/min under air
conditions.

Fourier transform infrared spectra of HTC and HTC-Bz
powder were measured on Nexus 670 Nicolet spec-
trometer with resolution at 32 cm™ using the KBr method
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with transmission mode. The spectra were obtained in the
region of 400 - 4000 cm™.

Field emission scanning electron microscope of HTC-Bz
powder and coatings surface was operated on FESEM
Hitachi S-4800 at a voltage of 5.0 kV.

UV-Vis spectroscopy was used to determine the content
of benzoate in HTC-Bz and UV absorption ability of
HTC-Bz. The amount of benzoate in HTC-Bz was de-
termined by the following protocol: 0.03 g of HTC-Bz
was dissolved in 1.2 mL of 1 M HCI solution in 50-mL
volumetric flask. Then distilled water was filled into the
balance of volumetric flask. The absorbance of benzoate
was monitored by UV—Vis spectrophotometer at Amax =
225 nm. Based on the benzoate standard curve, the content
of benzoate into the HTC-Bz was calculated. The standard
curve was obtained from a series of benzoate standard
solutions.

The UV absorption ability of HTC-Bz was analyzed by
UV-Vis spectra (GBC Cintra 40 spectrometer) in distilled
water at 0.1 wt%. The wavelength region was in the range
of 200 - 400 nm.

2.5 UV exposure evaluations

QUV test

QUV test was carried out in UV-condensation chamber
(ATLAS UVCON UC-327-2). The test was done follow-
ing ASTM standard G 53-96 (1 cycle period was 8 h
of UV exposure at 60 °C followed by 4 h of condensation
at 50 °C). The test was carried out continuously, repeating
the cycle. The properties of exposed samples were eval-
uated after 4 cycles and 8 cycles, respectively. For each
system, 3 samples were tested.

Electrochemical impedance measurements

Electrochemical impedance measurement was used to
investigate the protection performance of the acrylic coat-
ing containing HTC-Bz before and after QUV test.
Electrochemistry impedance measurements were carried
out on a Biologic SP300. Before each electrochemistry
impedance test, the samples were immersed in 3% Na,SO4
solution for 1 h. This protocol was set up in a frequency
range of 100 kHz to 10 mHz. We used a three-electrode
system including painted steel as working electrode, satu-
rated calomel (SCE) as reference and platinum grid as
counter electrode. For each experiment, three samples
were measured.

2.6 Hydrophobicity test

To test the hydrophobicity of acrylic coating, contact
angle measurements were done. The water contact angle
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of coating was determined by a self-developed goniometer
combined with a high resolution camera. Measurements
were carried out in an ambient atmosphere at room
temperature. The volume of the applied droplets of dis-
tilled water is 5 pL. Contact angle () was determined
according to the following equation: tan(6/2) = 2h/d

where h is the droplet height and d is the base diameter.

The droplet height and the base diameter were measured
from the optical images of the water droplet. Five meas-
urements were made on different parts of the surface, and
the average contact angle value was recorded.

2.7 TGA measurements

The thermal stability of acrylic coatings was tested using
the thermal-gravimetric analysis (TGA). The test was con-
trolled by a computer at a heating rate of 10 °C/min under
air atmosphere in the range of 30 - 900 °C. The sample
weight was about 10 - 11 mg.

3. Results
3.1 Morphology and structure of HTC-Bz

The morphology and structure of HTC-Bz were ob-
served and examined by SEM, XRD and FT-IR. Fig. 1
shows the scanning electron micrograph of HTC-Bz. SEM
image displays a sheet-like morphology of hydrotalcites.
HTC-Bz crystals were thin, flat and the sizes of these
plates was in the range of 200 - 500 nm.

Fig. 2 presents the XRD patterns of HTC and HTC-Bz.
The XRD patterns of both hydrotalcites show typical char-
acteristic diffraction peaks of (003), (006) and (110) of
layered materials. The (003) diffraction peak of HTC is
observed at 2-theta = 11.7 corresponding to d spacing
of 7.74 A, which is similar to the reported value of hydro-

Fig. 1 SEM photograph of HTC-Bz.
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Fig. 2 XRD patterns of HTC and HTC-Bz.

talcite [24]. XRD pattern of HTC-Bz shows the (003)
plane and (006) plane reflections at 2-theta = 5.6", 11.4°
corresponding to d spacing of 15.81 and 7.79 A, re-
spectively [25]. In comparison to synthesized pure hydro-
talcite, the peak of (003) plane reflection shifted to lower
value of 2-theta. It is likely that the increase of d spacing
was caused by the intercalation of benzoate anion into
HTC-Bz structure.

FT-IR spectra of HTC and HTC-Bz are presented in
Fig. 3. The FT-IR spectrum of HTC displayed the charac-
teristic bands of Zn-O, Al-O, NO; group and water mole-
cules in the interlayer domain at 425 cm ', 607 cm!, 1383
ecm ' and 1630 cm ', respectively [24]. In the case of
HTC-Bz, FT-IR spectrum shows the characteristic peaks
of both hydrotalcite and benzoate. A strong vibration band
at the 3442 cm’ is assigned to the stretching vibration
of OH group into water molecules and hydroxide basal
layers. The characteristic bands at 621 cm™ and 426 cm’
correspond to Al-O and Zn-O vibration [6]. The absorp-
tion bands at 1552 cm™ and 1408 cm™ are ascribed to
C-0O and -COOH group into benzoate structure. The peaks
at 1596 cm! and 713 cm’ are assigned to aromatic ring
of benzoate [24,25]. The characteristic bands of both ben-
zoate and hydrotalcite appear in spectrum of HTC-Bz. The
FTIR results suggest the presence of benzoate into
HTC-Bz structure.

Based on the UV-Vis analysis data, the amount of benzoate
into HTC-Bz was determined. The calibration curve de-
termined from a series of benzoate standards solutions.
From the calibration curve, the relationship between the
absorbance and the concentration was: A = 8236 Cg, -
0.012103 with R? = 0.99898 (Cg, is the concentration of
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Fig. 3 FT-IR spectra of HTC and HTC-Bz.

benzoate (mol/l) and A is the absorbance). From the UV-Vis
curve of the solution containing HTC-Bz reacting with
HCI, absorbance A was determined to calculate concen-
tration Cg,. The Bz loading in HTC-Bz is about 28 wt%.
The obtained result is close to reported works (benzoate
amount into modified hydrotalcite were about 26-27%)
[24,25].

Fig. 4 illustrates the UV-Vis absorbance curve of
HTC-Bz dispersed in distilled water with concentration
0.1 wt%. The max absorption peak of HTC-Bz at about
225 nm corresponds to - bond of benzene rings, hydro-
gen bonding and electrostatic attraction between hydro-
talcite and benzoate. The result showed that HTC-Bz can
absorb UV light in the range from 200 nm to 400 nm.
Compared to literatures, hydrotalcites intercalated with or-

1-5 o

Absorbance

200 250 300 350 400
Wavelength (nm)

Fig. 4 UV-Vis spectrum of HTC-Bz solution.
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Fig. 5 Impedance diagrams of pure acrylic coatings and acrylic coating + HTC-Bz before and after QUV exposure.

ganic UV absorbers exhibited the same UV absorption
ability in this region [6,21,22].

3.2 UV stability of acrylic coatings

The UV stability of acrylic coatings after UV exposure
was evaluated and compared to them before exposure by
electrochemical impedance measurement. The impedance
diagrams in Bode style of blank coating and coating con-
taining HTC-Bz at a concentration of 0.5 wt% before and
after different cycles (4 cycles and 8 cycles) of QUV ex-
posure are shown in Fig. 5.

Before exposure, both coatings (blank coatings and coat-
ings containing HTC-Bz) had high impedance modulus
values at low frequency (>10' Q.cn’). These values were
very close to each other. After 4 cycles of exposure, the
impedance modulus value of blank coating decreased
rapidly. Meanwhile, the impedance modulus value of coat-
ing containing HTC-Bz only decreased slightly and re-
mained higher than that of blank coating. After 8 cycles
of QUV exposure, impedance modulus value of both coat-
ings decreased and the value of blank coating was lower
than that of the coating containing HTC-Bz.

To consider the protective performance of coatings, the
impedance modulus at low frequency 100 mHz (|Z]i00 mr)
were extracted from impedance diagrams. Fig. 6 shows
the |Z|i00 mi values of blank coating and coating contain-
ing HTC-Bz at different exposure times.

Before QUV test, both systems had the high |Z]i00 mpz
values (> 10° Q.cm?). After 4 cycles of QUV exposure,
|Z]100 mn, value of pure acrylic coating rapidly decreased.
However, |Z]i00 miz of acrylic coating with HTC-Bz de-
creased little compared to that before exposure. After 8
cycles of UV exposure, |Z|ioo mn, Value of pure acrylic
coating continued to decrease. The decrease of |Z]i00 mpz
values can be caused by degradation of coating under UV
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irradiation. For the acrylic coating containing HTC-Bz,
|Z]100 mu, vValue decreased but it remained higher than that
of the blank coating. The results can be explained by the
UV absorption and barrier effect of HTC-Bz [20,24]. The
obtained result was similar to reported works [11,17].
Hydrotalcites intercalated with UV absorbers improved
the UV stability for polymer coatings.

3.3 Hydrophobicity of acrylic coatings

Hydrophobicity of coatings was examined to study the
effect of HTC-Bz on the UV stability of acrylic coating.
Fig. 7 shows the water contact angle photos of pure acrylic
coating and coating containing HTC-Bz. The contact angle
of pure acrylic coating was about 79.9". When HTC-Bz
was added into acrylic coating, the water contact angle
of coating increased to 83.9". It can be due to the presence
of hydrophobic aromatic ring (benzoate) and the good bar-

10"
& Acrylic
7 Acrylic HTC-Bz

10"
10°
10°
10°

10°

1Z] 100 mie/ Q €m?

10°

10*

10°

QUV exposure time/ cycles

Fig. 6 |Z];0p mn, values of blank coating and coating containing
HTC-Bz at different exposure times.
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Fig. 7 The water contact angle photos of blank coating and coating containing HTC-Bz.

rier ability of HTC-Bz [24]. The presence of HTC-Bz in-
creased the hydrophobicity of acrylic coating so the pro-
tective property of coating was enhanced.

3.4 Surface observation

In order to confirm the effect of HTC-Bz on surface
profile of acrylic coating, the morphology of acrylic coat-
ings was observed by SEM. Fig. 8 shows the surface mi-
crographs of acrylic coating and acrylic coatings with
HTC-Bz. It can be seen that the pure acrylic coating sur-
face is smooth. The SEM photo of the acrylic coating
containing HTC-Bz displays the structure of HTC-Bz on
the surface of coating. With layer structure and large sur-

Acrylic

10 pm

Fig. 8 SEM images of acrylic coating and acrylic coating
containing HTC-Bz.
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face area, HTC-Bz changed hydrophobicity of acrylic
coating.

3.5 Thermal stability of acrylic coatings

Thermal stability of acrylic coatings was studied by TG
analysis. Fig. 9 shows the thermal weight loss curves of
pure acrylic coating and coating containing HTC-Bz.
Results showed that the pure acrylic coating started to
lose weight from 192 °C then continued to lose weight
at 306 °C and stopped at 420 °C. For the coating contain-
ing HTC-Bz, the weight loss point happened at higher
temperature (at 319 °C) in comparison to the blank coating
and it stopped at 500 °C. For the pure acrylic coating,

Acrylic

100 = = Acrylic HTC-Bz

80

Weight/ %

60 |

40

20 |

ol
0 100 200 300 400 500 600 700 800
Temperature/°C

Fig. 9 Thermal weight loss curves of pure acrylic coating and
coating containing HTC-Bz.

Table 1 TGA results of pure acrylic coating and acrylic coating
containing HTC-Bz

Sample Tio% (°C) | Tso% (°C) | Tmax (°C)
Pure acrylic coating 259 308 420
Acrylic coating +

HTC-Bz 290 325 500
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as shown in Table 1, 10% weight loss temperature and
50% weight loss temperature occurred at 259 °C and 308
°C, respectively. Meanwhile, for the coating with HTC-Bz,
10% weight loss temperature and 50% weight loss temper-
ature happened at 290 °C and 325 °C. We assumed that
thermal decomposition of acrylic coating containing
HTC-Bz was retarded due to the thermal stability of
HTC-Bz [21,22].

4. Conclusions

Benzoate was successfully intercalated into hydrotalcite
by co-precipitation method with the content about 28 wt%.
HTC-Bz had plate-like structure and size in the range of
200 - 500 nm. HTC-Bz at a concentration of 0.5 wt%
improved the UV stability of acrylic coating. After 8§ cy-
cles of UV exposure, the impedance modulus value at
low frequency 100 mHz of the acrylic coating containing
HTC-Bz was still very high (>10° Q.cm?®). The hydro-
phobicity and thermal stability of acrylic coating were also
enhanced with the addition of HTC-Bz.
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