[Almeios

ISSN 1678-5169 (Online)

@) e | https://doi.org/10.1590/0104-1428.20230133

Greener waterborne epoxy coatings with optimized
UV-resistance

, Alana Gabrieli de Souza? @, Derval dos Santos Rosa?”
and Hélio Wiebeck'

Mauro Sergio da Silva’
Ticiane Sanches Valera'

'Departamento de Engenharia Metalirgica e de Materiais — PMT, Escola Politécnica — POLI,
Universidade de Sao Paulo — USP. Sao Paulo, SP, Brasil
2Centro de Engenharia, Modelagem, e Ciéncias Sociais Aplicadas — CECS,
Universidade Federal do ABC — UFABC, Santo André, SP, Brasil

*derval.rosa@ufabc.edu.br

Abstract

The UV-resistance performance of waterborne epoxy coatings with different aminic-curable substances was evaluated
to solve the widely known problem of poor weathering resistance of coatings. Samples were evaluated by color and
gloss changes, FTIR, thermal properties, and macroscopic morphology. Results indicated that higher aminic values in
curing agents degraded faster than lower aminic values (increases of ~3% in delta b and delta E between 5 and 20%). All
samples showed a gloss variation varying between 40 and 70 G.U. FTIR and Tg indicated the resin degradation when
using curing agents of unmodified aliphatic amine because of its rapid chemical degradation under a UV environment,
as confirmed by microscopy images. The curing agents with aminic values between 200 and 300 KOH/g and the
equivalent weight of amine hydrogen higher than 120 g/eq showed the best performance in epoxy coatings and good
stability against accelerated aging, being promising options for future applications.
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1. Introduction

Epoxy resins play an important role as protective coatings
due to their chemical inertness that allows good corrosion
protection, besides their chemical resistance, electrical
insulation properties, and adhesion to heterogeneous substrates.
Two-component epoxy/amine systems are widely used in
civil construction and industrial maintenance. However,
the currently used systems generally contain high levels
of volatile organic compounds (VOCs) that are harmful to
human health and the environment. Thus, to improve the
environmentally friendly character of this class of materials,
there is a movement to shift the solvent-borne system to
waterborne ones!'. As an example, the European Union in
the Directive 2004/42/CE of the European Parliament and
of the Council of 21 April 2004 stated the maximum rates
of volatile organic compounds for several types of coatings.

Waterborne coatings are widely used as an effective
method of protecting against corrosion on metallic
substrates, and several works have reported the importance
and effectiveness of these materials. Wang et al. (2019)
prepared waterborne epoxy coatings with graphene modified
with lignin for anticorrosive applications and reported that
nanocomposite coatings showed an anti-corrosion effect due
to the labyrinth effect caused by the fillers. Sheng et al.?)
prepared waterborne polyurethane composites containing
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MXene nanosheets and reported low corrosion current and
UV-blocking properties.

Despite the excellent applicability and economic interest,
epoxy systems are sensitive to exposure to UV radiation,
not only as a function of the incidence of sunlight but also
of the visible light spectrum®®. The polymeric structure
undergoes photochemical damage on the surface of the
applied paint film, resulting in its degradation'®. The use
of additives that block and absorb UV radiation is common
to delay this effect but results in high costs and relatively
low effectiveness for long periods of exposure during
the working time of the painted substrate®’). As a result
of the degradation process, the coatings are subjected to
chalking, gloss loss, and yellowing, decreasing the coating
capacity to shield the substrate, and implying a complete
loss of function!®”\. Liu et al.®! prepared waterborne epoxy
resin containing emulsified asphalt to improve mechanical
properties and reported waterproof performance, aging, and
wear resistance. Li et al.””! prepared epoxy coating with
polyetheramine-functionalized graphene oxide and reported
that the filler was important to avoid the yellowing of the
coating, quantified by color parameters.

Substantial work has been done to improve the weathering
resistance of waterborne epoxy coatings to guarantee long
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shelf-life for these materials without property loss, such as
color, mechanical resistance, and others®'?. Among the
main properties, several additives are usually incorporated,
such as nanoparticles, graphene, etc. However, even with
a wide range of possibilities, there is still a knowledge gap
in efficient additives that delay or prevent the degradation
of epoxy coatings during application, which is a technical-
scientific challenge. Aiming to expand the possibilities
of use and application materials, this work proposes the
development of waterborne epoxy coatings using aminic-
curable substances available on the market to reduce color
deterioration and property loss, ensuring good properties
for coatings performance.

2. Materials and Methods

2.1 Materials

Westlake Epoxy (Texas, USA) kindly donated the water-
based epoxy resin dispersion and the five different types
of curing agents (Table 1). The EPI-REZ Resin 7521-WH-
57 (resin) has solids of 55-59%, equivalent epoxy weight
of 480-600 g/eq, and viscosity at 25 °C of 600-6000 cP.
Momentive Performance Materials (New York, USA)
donated the leveling additive and the deionized water,
and the co-solvent was acquired by The Dow Chemical
Company (Michigan, USA). The chemical structures of the
curing agents are confidential. Table S1 — Supplementary

Table 1. Raw materials used in this work.

Material shows the main properties of all the catalysts.
CU abbreviation refers to curing agent.

2.2 Formulation development

The formulations were done based on the stoichiometry
of the system considering the ammine hydrogen proportion
related to the epoxy content. Usually, the stoichiometry ratio
is 1:1 to maximize the crosslinking density, as reported
in previous works!''2 and it is calculated according to
Equation 1, where EWa is the equivalent weight of ammine
and EWe is the epoxydic equivalent weight, and PHR is the
per hundred resin based on the solids.

EW,
PHR=—2X~

%100 (1)

e

The result represents the amount of curing agent
necessary to react with 100 g of epoxydic resin for the
proportion 1:101314],

After initial tests to adjust the raw materials quantities
(water, additive, and solvent), 12 formulations were designed
to evaluate the curing agent efficiency. The preparation
process was divided into two parts: 1—resin preparation
and 2—curing agent addition. Before the mixture of parts
1 and 2, the raw materials were weighted separately,
according to Table 2.

Raw material

Description

Characteristics

EPI-REZ Resin 7521-WH-57 (Resin)
EPIKURE 8530-W-75
EPIKURE 6870-W-53

EPIKURE 3223
EPIKURE 3234
EPIKURE 8546-W-55
Dowanol DPnB (co-solvent)
Deionized water (Water)
COATOSIL 28161 (Additive)

Waterborne dispersion of epoxydic resin
Amine curing agent
Amine curing agent
Amine curing agent
Amine curing agent
Amine curing agent
Glycol-based solvent
Waterborne solvent
Silicon-based additive

Film-forming agent
Reaction catalyst for epoxy systems
Reaction catalyst for epoxy systems
Reaction catalyst for epoxy systems
Reaction catalyst for epoxy systems
Reaction catalyst for epoxy systems

Diluent for waterborne systems
Diluent for waterborne systems
Additive to improve paint spread

Table 2. Developed formulations aiming to determine the best proportion between resin and curing agent for the development of

waterborne epoxy coatings.

Part A - Resin

Part B — Curing agent

Experiment - —
Resin Additive CU-1 CU-2 CU-3 CU-4 CU-§ Co-solvent Water

1 99.5 0.5 24.5 9.8 14.7
2 99.55 0.45 24.5 9.8 14.7
3 99.5 0.5 47 18.8 28.2
4 99.55 0.45 47 18.8 28.2
5 99.5 0.5 46 18.4 27.6
6 99.55 0.45 46 18.4 27.6
7 99.5 0.5 122 2.15 5.74 8.61
8 99.55 0.45 12.2 2.15 5.74 8.61
9 99.5 0.5 12.2 2.5 5.88 8.82
10 99.55 0.45 12.2 2.5 5.88 8.82
11 99.5 0.5 12.3 22.9 7.04 10.56
12 99.55 0.45 12.3 229 7.04 10.56

2/11 Polimeros, 34(3), 20240034, 2024



Greener waterborne epoxy coatings with optimized UV-resistance

After the weighting, the parts A and B were mixed
following the system stoichiometry for ten minutes and
sprayed into rectangular panels using a spray gun HVLP
— High Volume Low Pressure, and then left in a chamber
free of light, at 25 °C, for seven days, for complete coatings
curing, as schematically illustrated in Figure 1.

After the samples had completely cured, accelerated
weathering tests were conducted in a QUV-A chamber
(Adexim-Comexim, Sao Paulo, Brazil) with 500 hours of
exposure, following the ASTM G154-230"). Throughout the
exposure time, the samples were evaluated seven times: 39,
109, 162,207, 375, 439, and 500 hours.

2.3 Characterization
2.3.1 Appearance changes

The differences in the samples’ appearance were
quantified by color and gloss measurements. The color was

Additive

Part A - Resin

Curing agent S

Part B - Curing agent

Curing process -
7 days at 25 °C

Mixed parts

£

\ &

Spray gun

spectrophotometrically measured in the CIELAB space, in
triplicate, similar to the Yari and Rostami work!'®), using a
Spectro 2 Guide spectrophotometer (BYK Gardner, Wesel,
Germany). The gloss values were measured using a Micro-
TRI-Gloss glossmeter (BYK Gardner, Wesel, Germany).

2.3.2 Fourier-transform infrared spectroscopy

FTIR spectra of coatings before and after the weathering
were recorded in Spectrum 2 Equipment (PerkinElmer,
Connecticut, USA), equipped with an attenuated total
reflectance (ATR) accessory. Data acquisition was performed
in a range of 500—4000 cm’!, 62 scans, and a spectral
resolution of 4 cm’™.

2.3.3 Differential scanning calorimetry

The glass transition temperature (T, was analyzed
by differential scanning calorimetry (DSC) using a TA

,

-
-
# e

-

{__J

—

Appearance of the panels
applied after two hours at
ambient temperature of
25°C.

UV chamber

Figure 1. Schematic illustration of the coatings’ fabrication technique to produce UV-resistant materials. Created with Biorender.
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Table 3. Delta b evolution during the weathering tests at the 7 different times.

Experiment 39h 109 h 162 h 207 h 375h 439 h 500 h
1 -0.2 -0.7 1.3 1.7 3.4 3.5 3.5
2 -0.1 -0.1 1.3 1.7 32 3.7 3.0
3 1.7 4.1 4.4 42 3.4 1.7 -0.05
4 1.1 2.8 32 3.4 3.6 0.3 -1.5
5 1.5 1.5 3.6 4.6 7.0 6.8 5.7
6 0.9 42 4.1 45 -5.5 6.5 4.7
7 1.3 7.3 9.4 -0.6 -4.9 -3.2 -2.9
8 2.0 39 -4.3 -3.8 -4.5 -5.1 -6.0
9 3.4 43 9.4 6.3 -1.6 2.2 -1.6
10 22 2.8 0.4 -0.8 -7.5 -5.3 -4.7
11 1.8 22 2.7 2.8 3.7 4.1 4.1
12 1.9 2.3 2.6 2.6 4.2 5.0 4.7

Instrument Series Q20 (TA Instruments, New Castle, USA).
The specimens were heated from -20 °C to 180 °C at a rate
of 10 °C/min.

2.3.4 Macroscopic morphology

The coatings’ surface morphology was analyzed using a
microscope TESCAN VEGA3 from Tescan do Brasil (Sao
Paulo, Brazil). The equipment is equipped with a heated
tungsten filament cathode operating at 30 keV. Images were
recorded at 500x.

3. Results and Discussions
3.1 Appearance changes - color

Epoxy coatings have a wide range of applications
in coatings’ field due to their high range of attainable
properties and versatility. However, under severe conditions
of oxidation, sunlight, and other external agents, the
coatings’ tend to degrade, resulting in chemical and physical
changes. CIELab delta b and delta E parameters during
the exposure testing were measured and are presented in
Tables 3 and 4. Accelerated weathering usually changes
the sample appearance because it changes the reflectance
spectra, altering color shade and lightness. Changes in color
parameters are usually associated with resin degradation,
in this case, the epoxy waterborne resin, by the oxidation
and evolution of gaseous and soluble products!'”!. In this
case, the aromatic moiety presence absorbs UV radiation,
resulting in discoloration and chalking.

The b* parameter is attributed to the yellow-blue axis,
and the b* increase in the positive direction indicates the
yellowing of coating samples. According to Verma, the overall
color difference (AE) in PU coatings is best represented by
Ab since the epoxy resin absorbs more UV light due to the
benzene ring structure!’®. According to Rivaton et al., the
photo-oxidation of epoxy resin involves reactions with the
methylene groups in the a-position to the ether groups related
to secondary hydroxyl groups dehydration!'”.

In the first weathering hours, experiments 8, 9, and
10 showed the most prominent yellowness (Table 3); these
samples were prepared with CU-3 and CU-4, the curing
agents with the higher aminic values. After the complete
exposure time, it was observed that most experiments
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Table 4. T results of the investigated coatings before and after
aging (0 and 500 h of exposure).

T, (°C) Before T (°C) After %T,

Sample * aging £ aging increagse
1 36.2 55.4 +53.0
2 38.4 56.2 +46.4
3 353 61.4 +73.9
4 39.5 60.0 +51.9
5 37.9 62.1 +63.9
6 37.2 62.4 +67.7
7 42.0 63.3 +50.7
8 443 63.8 +44.0
9 44.6 66.2 +48.4
10 435 63.0 +44.8
11 41.0 61.3 +49.5
12 41.9 59.9 +43.0

showed significant color changes over time, and samples
with higher b* values for both the negative and positive
axis became darker due to oxidation of the degradation
products?”. According to Ghasemi-Kahrizsangi et al., the
color change is associated with light absorption by exciting
an electron from the ground state into an excited state by
chromophore groups, such as C=C and C=0. After the UV
radiation absorption, some discoloration or color change can
be observed?!l. The delta E was evaluated to evaluate the
color change in a more detailed way (Table S2 and Figure 2).

Considering the AE results, it is observed values between
1 and 16 after 500 h of UV-light exposition. The literature
shows a broad range of values that depend on the curing
agent and several types of resin. Ghrohrodi et al. prepared
epoxy coatings containing nano-porous Zr(IV) and reported
AE between 5.3 and 7.1. According to the authors, the epoxy
coating shows intrinsic low UV resistance (~7), and the use
of nanoparticles can decrease the coating damage after UV
exposure?. Li et al.?® prepared epoxy graphene coatings
aiming for weather and corrosion resistance and found AE
between 4.1 and 15.6. The authors attributed higher delta E
values to the absence of graphene, resulting in composites
with high sensitivity to color changes, and the smallest
values, i.e., most resistant ultraviolet aging samples, were
reported as those with 0.5% graphene.

Polimeros, 34(3), 20240034, 2024
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According to DIN 55987421 the UV stability of coatings
is acceptable and highly stable if AE < 2, but samples that
slightly exceed this value can be considered stable if more
tests are conducted to confirm the coating performance.
In this work, after 20 days of exposure (500 h), only
formulation 3 showed acceptable results, followed by 4 and
9, i.e., curing agents CU-2 and CU-4 (both curing agents
are unmodified aliphatic amines). The chromophoric groups
are expected to react with the curing agents, reducing the
chemical groups available to interact with the UV light and
decreasing the color changes. On the other hand, samples
6, 7, and 8 showed the strong degradation of the polymeric
material, indicating that CU-3 and CU-5 (unmodified
aliphatic amine and modified polyamine, respectively) are
UV-light unstable and not adequate for the coatings that
aim for UV-resistance.

3.2 Appearance changes - gloss

Generally, exposure to weathering results in a marked
decrease in gloss due to resin degradation and surface
roughness!'!!. Figure 3 shows the gloss 60° evolution at
times 0 h and 500 h, and all samples showed a high initial
gloss (>90 GU). The gloss values of all coatings, except for
sample 8, were almost the same, revealing that the curing
agents didn’t alter the surface gloss.

Hl 39 Hours
I 109 Hours|
Il 162 Hours|
I 207 Hours
Il 375 Hours
Il 439 Hours
Il 500 Hours

25+

20

Sample

Figure 2. Color variation (delta E) versus samples for each period
of weathering.

® Gloss60°-0h @ Gloss60°~ 500

Ogloss 41.7 52.4 622 50.6 67.8 78.9 705 717 900 69.2 686

I

.....

Gloss 60° (GU)

Figure 3. Variations in gloss values measured at times 0 h (light
blue columns) and 500 h (dark blue columns) for all the tested
samples.
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As expected, all samples showed a significant decrease
in gloss values associated with photo-degradation after
accelerated aging!'”. According to Rezig et al.l*®, after
the photodegradation, the coating surface results in non-
homogeneous surfaces with the formation of pits, resulting
in an increase in roughness and decrease in thickness, which
affects the light reflection and, consequently, gloss values.
Another possible reason is that during degradation, organic
material loss occurs because of photooxidation, changing
the molecular bonds and resulting in microscopic changes
in the coatings?’2*. Most experiments showed decreases in
the gloss higher than 60% after 500 h of weathering, except
for samples 1, 2, and 4, suggesting that these samples are
more resistant to the weathering conditions than the others.
These results agree with the delta E values since the change
in surface roughness influences the light interactions with
the substrate by decreasing the gloss and affecting the
color perception, i.e., high delta E values®. These results
are consistent with those presented in SEM results in the
next sections.

Samples 1, 2, and 4 were cured with CU-1 and CU-4,
and the curing agents have in common the aminic value
(between 200 and 300 KOH/g) and the equivalent weight of
amine hydrogen (higher than 120 g/eq)®". Besides, according
to Klippstein et al.l'¥!, the curing agent for waterborne
formulations can result in incompatibility with the epoxy
resin, resulting in several problems, such as the tendency
to exude the curing agent to the surface, a decrease of
stability, changes in molecular weight and reduced reactivity.
In this way, there is a possibility that the CU-3 (unmodified
aliphatic amines), CU-4 (unmodified aliphatic amines),
and CU-5 (modified polyamine with 55 wt% solids) have
a slight incompatibility with the matrix that, at accelerated
weathering, reduces the coating resistance. Another fact in
agreement with the presented hypothesis is that the amines
are more hydrophilic than the epoxy resin, and a possible
incompatibility could result in concentrations of amine in
localized domains, which, under severe aging conditions,
accelerate the film’s degradation.

3.3 FIIR

FTIR analysis was conducted to evaluate the chemical
structure of the coatings before and after the accelerated
weathering (Figure 4). The epoxy resin characteristic peaks
include a broad band centered at 3383 cm™! (extra hydroxyl
groups generated during the curing reaction), and another
between 3018 and 2770 cm™ containing three minor peaks
centered at 2973, 2914, and 2868 c¢m™, attributed to C-H
stretching vibrations from methylene and methyl groups,
and C-H bonds of aliphatic and aromatic methine groups®'.
These peaks were found for all samples after curing.

Other peaks were found at 1740 cm™ (carbonyl groups
stretching vibrations), 1605 and 1580 cm™! (C-C stretching
of aromatic rings), 1507 cm™ (N-H bending vibrations),
1548 cm! (stretching vibrations of aromatic rings), 1383,
1359, 1293 cm™ and 1233 cm™ (C-O-C stretch from ether
groups), 1180 cm™ (O-H bend), 1106 and 1083 cm™ (C-O
vibrations), 939 cm™! (epoxide group C-O-C), 823, 768, and
728 e (C-H out of plane bending), and 552 cm! (aromatic
ring bending)?>3*3*. Before the weathering, the samples
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Figure 4. FTIR spectra of samples before (Oh) and after (500h) accelerated weathering for the experiments with different curing agents
(CU):a) 1 and 2 (CU-1), b) 3 and 4 (CU-2), ¢) 5 and 6 (CU-5), d) 7 and 8 (CU-1 + CU-3), ) 9 and 10 (CU-1 + CU-4), and f) 11 and 12

(CU-1 + CU-5).

showed very similar FTIR spectra with the main characteristic
peaks at the same wavenumber for the different curing
agents, as shown in Figure 4.

The curing agent significantly influenced the chemical
structure of the films after degradation, highlighting the
changes in the region 1800-1550 cm™, identified in the
insert of all the graphs in Figure 4.

The bands in the region 3500-2900 cm™' showed a
decrease in intensity attributed to photooxidation after
accelerated aging and the peak located at 1507 cm'B33),
All coatings showed the disappearance of peak 1740 cm™ and
a new band at ~1650 cm! related to aldehyde and
peracid formation and the carbonyl formation during
oxidation, respectively. The changes in these peaks
agree with the photooxidative mechanism proposed by
Bellinger and Verdu?®3¢l. During the oxidation process,
a ketone formation occurs derived from the secondary
OH groups, and amide groups are generated from the
abstraction of hydrogen from the methylene groups
adjacent to the crosslink.

6/11

All the chemical changes are a consequence of epoxy
chain scission that results in the formation of carbonyl,
hydroperoxide, and other radical groups that are associated
with photoreactions. Awad et al. reported that the appearance
of carbonyl and hydroxyl groups after degradation results
from the oxidation reactions and represents the polymeric
scission®”, The degradation generally induces surface cracking
and loss of mass because of the bioactive transformation
products formed during the degradation, which can be
released into the environment as gas or leached compounds!®®.
Additionally, after the degradation, the coating becomes
more brittle and rigid, increasing the stress absorption and
generating microcracks.

Analyzing the FTIR graphs of Figure 4, the chemical
structure loss of Experiments 8 and 10 is visible, which is
associated with the complete degradation of the samples
on a molecular level. Even with different curing agents,
it is possible to note that all experiments showed, at least,
a slight degradation of the matrix, as highlighted in the
Figure 4 inserts, indicating that the coatings maintained a

Polimeros, 34(3), 20240034, 2024
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UV-sensitive characteristic. It is interesting to note that the
FTIR data corroborate a degradation of the coating resin
in all samples but is more intense for samples 8 and 10,
which is coherent with the degradation chemistry since
both samples contain unmodified aliphatic amines from the
curing agents. This result is related to the large variation in
brightness and color observed for these samples, indicating
the unfeasibility of using these coatings — and curing agents
with aliphatic amines - in applications that require resistance
to weathering. According to Bellinger and Verdu, these
results can be attributed to the depletion of the oxidizable
groups, and the loss of oxidized products formed during
the degradation!,

3.4 Differential scanning calorimetry

DSC was conducted to evaluate the effect of different
curing agents on the coatings’ thermal properties by glass
transition temperature analysis. The T of coatings is mainly
influenced by the crosslink density, being a proportional
property, i.e., the greater the crosslink density, the higher
the T, [37.400 T values of the coatings before and after aging
are reported in Table 4. Experiments 7, 8, 9, 10, 11, and
12 showed T, values higher than 40 °C before the accelerated
aging, 1nd1cat1ng that the mixture of CU-1 with CU-4 and
CU-5 resulted in higher crosslink density when compared

Experiment 1

Experiment 4

Experiment 7

o)
Experiment 10

Experiment 2

Experiment 5

Experiment 8

Experiment 11

to samples 1-6 that were cured with only one type curing
agent, i.e., not a mixture. Samples with high Tg values are
expected to have a slower ion diffusion rate and better barrier
properties. Besides, the CU mixture probably produces a
superior ability to emulsify liquid epoxy resin, resulting
in more compact and uniform coatings. Lower T, values
indicate lower free volumes, i.e., less rigid and highly
flexible coating.

After the accelerated weathering, all samples showed
higher T, values, which can be associated with the photolysis
of the epoxy resin and the QUV temperature that can promote
curing reactions or the exudation of some compounds, as
previously discussed in FTIR?*3!, In this case, if the samples
were not completely cured before the test, the completion
will occur during the aging, i.e., there are chemical changes.
These results indicate that after aging, all samples are
harder. According to Xiong and Li, the increase in the T
values can be a result of dehydration condensation between
hydroxide radicals inside the coatings, which can be the key
to higher stabilityt!.

3.5 Morphology after accelerated weathering

Optical micrographs of the coatings surface of all
the samples after the accelerated aging are shown in
Figure 5 (400x). The experiments showed different

Experiment 3

el
~ Experiment 6

Experiment 12

Figure 5. Optical microscopy images of all tested experiments after accelerated weathering (500h of exposure) (500x).

Polimeros, 34(3), 20240034, 2024
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morphological aspects depending on the weathering behavior.
Samples 6-10 and 12 showed the worst appearance with
a high number of fractures, voids, and a high number of
defects. These samples also showed high Tg values, making
the coating more rigid and brittle and allowing the materials
to absorb stresses. According to Onn et al.*?, the changes
in the surface morphology are associated with blistering,
surface segregation, inhomogeneity, and swelling because
of polymer network degradation. The observed changes are
also associated with surface color change — yellowing, as
discussed before, because of chromophoric group generation
due to polymer degradation®. Additionally, the gloss
reduction is attributed to the high number of protrusions
on the surface samples and the increase in light diffusion
due to the changes in the microstructures!.

Samples 2-5 (one curing agent used), 7 (CU-1+CU-3),
10 (CU-1+CU-4), and 11 (CU-1+CU-5) showed minor visual
changes, indicating moderate degradation with fewer weathering
products, probably due to the formulations’ UV absorption and
scattering ability®***41. However, macroscopically, samples
7 and 10 showed many defects, which is not possible for
future applications. Considering all the results presented in this
work, the samples with the best U V-resistance performance
are 2 (CU-1), 3 (CU-2), and 4 (CU-2), i.e., the curing agents
CU-3 and CU-4 (unmodified aliphatic amines) probably are
not adequate for the studied system.

4. Conclusions

This work presented the development and UV-resistance
performance of waterborne epoxy coatings with aminic-
curable substances. Color and gloss changes, FTIR, thermal
properties, and macroscopic morphology evaluated the
coatings. Results indicated that samples with higher aminic
values tended to degrade faster than those with lower aminic
values, as confirmed by higher yellowness and darkness —
caused by the oxidation of the polymer and the hydrophilic
nature of these groups. Additionally, all samples showed a
decrease in gloss values associated with surface roughness
and polymer degradation changes. FTIR results confirm the
scission of polymer chains with significant changes and the
disappearance of the main peaks associated with the epoxy
structure. The T, increased values after weathering might
be ascribed to the photo-oxidative products of the coupling
reactions due to the photolysis of the resin. The results were
confirmed by morphological images that indicated degradation
characteristics and loss of structure of some samples and
indicated the most suitable samples for future studies and
applications. Additionally, comparing the curing agents, those
unmodified aliphatic amines showed an inferior performance
with a high tendency to degrade under UV environment.
Finally, the curing agents with aminic values between 200 and
300 KOH/g and the equivalent weight of amine hydrogen
higher than 120 g/eq showed the best performance in epoxy
coatings and good stability against accelerated aging, being
promising options for future applications.
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