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A Study on Surface Structuring and Superhydrophobic Properties of
Ethyl Cyanoacrylate by Curing Agents

Heon-Ju Choi*, Handong Cho*'

ABSTRACT: Conventional superhydrophobic surfaces often suffer from poor mechanical robustness and environmental
concerns due to the use of leachable nanoparticles and fluorine-based chemicals. To address these critical limitations,
we present a novel, highly durable, and eco-friendly superhydrophobic coating platform based on the controlled,
curing-induced wrinkling of ethyl cyanoacrylate (ECA). A hierarchical wrinkled surface was spontaneously formed by
creating a differential curing rate between the surface and the bulk of an ECA film. This was achieved by spraying
two distinct curing initiators—a commercial accelerator and deionized water—onto the ECA layer. The resulting
wrinkled structures were subsequently rendered superhydrophobic via a fluorine-free process involving plasma
treatment and n-octadecyltrichlorosilane (OTS) surface grafting. The choice of curing agent was found to be critical in
determining the final surface morphology and mechanical properties. The accelerator-induced surface, characterized
by large hierarchical wrinkles with a scale of hundreds of micrometers , exhibited a final water contact angle of 157.4°.
More importantly, it demonstrated outstanding mechanical durability, with a critical load of 10,117 mN in scratch
tests. This adhesion strength is approximately seven times higher than that of the water-induced surface (1,455.5 mN)
and vastly superior to that of a commercial coating product. This remarkable robustness is attributed to the
accelerator's dual function: not only creating surface wrinkles but also promoting strong chemical bonding between
the ECA polymer and the substrate. This simple, particle-free, and fluorine-free approach provides a practical and
scalable solution for various industrial applications requiring durable superhydrophobicity.
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Fig. 1. Schematic diagram illustrating the formation mechanism of wrinkled structures on an ECA surface induced by different curing

agents: (a) a curing accelerator and (b) water
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structures formed by the curing accelerator. (b) Corre-
sponding 3D surface profile and high water contact
angle. (c) FE-SEM images showing micro-cracks and
globular nanostructures formed by water. (d) Corre-
sponding 3D surface profile and lower water contact
angle
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Fig. 3. Fabrication and characterization of superhydrophobic ECA surfaces. (a) Schematic illustration of the surface modification pro-
cess, including plasma-induced hydroxylation and subsequent OTS coating. (b) ATR-FTIR spectra of the ECA surface at each
modification step. FE-SEM images and corresponding water contact angles of the final superhydrophobic surfaces prepared

using (c) the accelerator and (d) water as a curing agent
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Fig. 4. Mechanical property evaluation of the ECA surfaces prepared with different curing agents. (a) Nanoindentation load-displace-
ment curve and (b) scratch test results (normal load, penetration depth, and acoustic emission) for the surface cured with the
accelerator. The inset in (b) shows an optical micrograph of the scratch track. (c) Nanoindentation load-displacement curve and
(d) scratch test results for the surface cured with water. (e) A summary chart comparing the indentation modulus (E;;) and critical

load (F,) for both surfaces
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