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3. STUDY OVERVIEW / MATERIALS
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Corrosion of structural metals presents a significant challenge to 5 : : :

material durability, particularly for infrastructure exposed to Metallic Substrates Acrylic Coating (Water-Borne) Environment

chloride-rich environments. This study investigates the performance ﬂ'

of a water-borne acrylic coating formulated as a sustainable c

alternative to traditional solvent-borne systems. Carbon steel, copper, W

and aluminium substrates were évaluated through an integrated mﬂﬁ-—’_

framework combining electrochemical testing, tensile analysis, and 4

finite-element method (FEM) simulations. Mechanical testing suggests . 3.5 m:% Nat!

that the coating helps mitigate the onset of surface pitting and Carbon Stesl Cngpaf .ﬁ.lul‘r::'num M'QEEIE.HWE M‘:"ne

associated mechanical degradation. FEM simulations, utilizing elastic- (CS) (Cu) (Al) nvironment) ]
%,

plastic constitutive laws i ANSYS and COMSOL, reproduced the
observed stress-strain behaviors. These models provide a framework
for analyzing stress redistribution in protected systems, showing more 4. METHODOLOGY

uniform von Mises stress fields compared to degraded, uncoated

specimens. Surface characterization via SEM and EDS confirmed
coating uniformity and limited crack propagation at the interface
This study demonstrates the potential of combining electrochemical ::’ #
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. : : Testing in Measurements Analysis (ANSYS & COMSOL) Characterization
Potential (OCP) and Electrochemical Impedance Spectroscopy (EIS), y
3.5 wt.% NaCl (SEM & EDS)

resistance with numencal modeling to assist in the service-life
F ¢ Mechanical L= z
maring conditions. Under these controlled conditions, the coating * Dpen-Circuit * Lorrosion rate : ¢ Elastic-plastic models
determination properties and to reproduce stress-

i i - inhibiti Potential (OCP : :
d&l.'m.:rns,tf.ﬂed hlg-h barrier performance, with calc ulauf-d. inhibition ial ( . ) load-bearing strain behavior and and interface
efficiencies reaching 99.9% for carbon steel and aluminium. * Electrochemical behavior stress redistribution assessment

assessment of coated metallic infrastructure.

were conducted in a 3.5 wt.% NaCl solution to simulate aggressive
* Coating uniformity

Complementary weight-loss measurements indicated a substantial Impedance
reduction in corrosion rates, supporting the electrochemical data Spectroscopy (EIS)
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5. KEY EXPERIMENTAL FINDINGS & RESULTS
A. ELECTROCHEMICAL IMPEDANCE (EIS) B. INHIBITION EFFICIENCY (Rp) C. CORROSION RATE (Weight-Loss) D. TENSILE PERFORMANCE
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ij_PE'Ji_ﬂﬂf across the entire froquency range, Inhibition efficiency reaches up to 99.9% for | Coated specimens show a substantial reduction 111 Coated systems exhibit improved yield and ultimate
indicating superior barmer performance carbon steel and aluminium | in corrosion rate compared to uncoated, tensile strengths across all substrates
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E. FEM SIMULATION: VON MISES STRESS (MPa) F. SURFACE CHARACTERIZATION (SEM & EDS) G. KEY OBSERVATIONS
Uncoated (Degraded) Coated (Protected) SEM (Coated Surface) EDS Mapping
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Inhibition efficiency up to 99.9% for carbon steel and aluminium

Substantial reduction in corrosion rate from weight-loss data.

Mitigation of pitting onset and reduced crack propagation.
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Coated systems show improved load-bearing behavior.
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— . Uniform, continuous coating Uniform elemental distribution with
Coated system shows more uniform stress distribution and with limited surface defects minimal chloride penetration, Stress redstribution more uniform in coated specimens
reduced stress concentrabon compared to uncoated
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Eco-friendly High barmer performance Higher strength & durability FEM models validate and Extending service life of
water-borme polymer in chloride environments of coated systems explain expenmental data metallic infrastructure




