Effect of microstructural evolution on macro-mechanical
properties of double-network hydrogels

Jing Liu", Xue Chen?, Habibou Maitournam’, Yongjun He?

" IMSIA, EDF, CNRS, ENSTA, Institut Polytechnique de Paris, 91120 Palaiseau, France
2 Faculty of Science and Engineering, Northumbria University, Newcastle upon Tyne, UK
3 LMI, ENSTA, Institut Polytechnique de Paris, 91120 Palaiseau, France
* email: jing.liu@ensta-paris.fr

The double-network polyacrylamide-alginate hydrogel with the additional alginate network
cross-linked by Fe3* ions (PAAmM-Alg-Fe?*) exhibits excellent mechanical properties due to
its special two-scale network microstructure [1]. Systematic investigations on the
microstructural evolution of the PAAm-Alg-Fe3* hydrogel under uniaxial tension using
scanning electron microscopy (SEM) are conducted. It is found that the whole
microstructural evolution process can be divided into four stages with distinct
macro-mechanical properties: (1) “Elastic” stage (small strains): few network rupture leading
to negligible energy dissipation and almost fully recoverable deformation; (I) “Pre-yielding”
stage (moderate strains): small dissipation arising solely from the rupture of small amount
of the Alg network; the PAAm network remains almost intact with only slight pore
enlargement leading to small residual strain; (lll) “Yielding” -stress-plateau- stage (large
strains): extensive rupture of Alg network resulting in significant energy dissipation;
concurrently, partial PAAm network rupture leading to a noticeable residual strain; (IV)
Hardening stage (very large strains): widespread failure of the Alg network and significant
rupture of PAAmM network producing large residual strain and extremely high energy
dissipation. These four stages are consistent with the microstructural features observed in
SEM images.
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