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Preparation and Performance Testing of Underwater Epoxy Adhesive
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Abstract: To address the issues of weak interfacial bonding, poor toughness, and slow curing in underwater epoxy
adhesives, this study prepared a cardanol-phenol modified epoxy adhesive via the Mannich reaction, systematically
investigating the effect of the molar ratio of cardanol to phenol on the curing agent performance and the underwater bonding
behavior of the adhesive. When the molar ratio of cardanol to phenol is 1:1, the curing agent exhibits optimal comprehensive
performance. The resulting adhesive achieves an underwater shear strength of 11.85 MPa, representing a 184.2%
improvement compared to the unmodified system. The failure mode transitions from interfacial failure to cohesive failure,
demonstrating effective synergistic enhancement. Curing kinetics analysis shows that the modified system has lower curing
peak temperatures and a lower apparent activation energy of 45.22 kJ/mol, both of which are lower than those of the single
cardanol-modified system. The phenolic structure effectively enhances the curing reaction activity. This study provides an

effective strategy for developing high-performance underwater epoxy adhesives.
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Fig. 1 FT-IR spectra of (a) BMC and (b) CMC
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Fig. 2 Effect of molar ratio of cardanol to phenol on (a) amine value and (b) viscosity of curing agent
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Table 1 Elongation at break and tensile strength of BMC, CMC and

MXDA
Sample Elongation at break/% Tensile strength/MPa
BMC 4.90 43.12
5 BMC. CMC. MXDA Kb F L 3691 0 0 Me 553 35.00

i, WiBE R IR A MXDA 241 26.58

Fig. 5 Optical photographs of joints formed by BMC, CMC, and
MXDA bonded steel sheets after shear, tensile and fracture
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Fig. 6 SEM image of BMC fracture surface
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Table 2 Hardness and shear strength of BMC, CMC and MXDA under water curing at different time

Hardness/HD Shear strength/MPa
Sample
S5h 12h 24 h 72 h 120 h S5h 12h 24 h 72 h 120 h
BMC 50.2 73.6 81.7 82.3 829 7.35 10.33 11.13 11.51 11.87
CMC 40.7 61.3 714 72.9 732 4.69 7.12 8.94 9.47 9.52

MXDA 36.2 65.6 73.3 78.4 78.8 1.06 3.24 3.72 4.12 4.17
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Fig. 7 (a)Water absorption of BMC, CMC and MXDA after curing for 120 h; (b) Shear strength of BMC, CMC and MXDA in anhydrous and
underwater environments
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