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Fig.1 (a) Schematic diagram of molecular formula and unit structure of tetra-PEG-NH. and tetra-PEG-NHSPEG, and structure diagram
of the cross-linking network;(b) schematic diagram of preparation of PR and side-ring hydrogel®"'; (c¢) fracture mechanism during
stretching of PAMPS/PAAm DN hydrogel with covalent cross-linking as sacrificial bond "> '; (d) schematic diagram of PAAm-Ca-
alginate DN hydrogel with non-covalent cross-linking as sacrificial bond" *'; (e) schematic diagram of the network structure of
PNIPAAmM/CNS composite hydrogel using CNS nanoparticles as cross-linking points™; (f) schematic diagram of a PA hydrogel with
a "hard-soft" phase separation structure in the preparation state precursor and water equilibrium state™
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Fig.2 Microphase separation of PVA hydrogel with high crystallinity was initiated by the orientation. (a) Schematic diagram

of fatigue crack growth under cyclic loading (yellow area represents crystal domain, blue area represents amorphous
domain); (b) stress-tensile ratio cyclic load curve at tensile ratio 2.0 after drying for 90 min; (c) schematic diagram of
the microstructure of PVA hydrogels with random nanofibers and PVA hydrogels with aligned nanofibers after

mechanical training”*
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Fig.3 Microphase separation of PAAm gels was initiated by immersion in different proportions of poor solvent

DMF aqueous solution (Cpur)

(a): optical photograph; (b) tensile stress-strain diagram; (c): diagram of fracture energy vs. DMF mass frction
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Fig.4 Microphase separation of PNIPAM/PDMA gel at 60 °C was initiated by lower LCST
(a): structural diagram; (b) tensile stress-stress curve at 20 °C and 60 °C;

(c): schematic diagram of energy dissipation mechanism at crack tip during tensile process;

(d): stress-strain curve of prefabricated notch at different temperatures®™
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Fig.5 (a) Schematic diagram of preparation process and network structure of gelatin hydrogel microphase
separation initiated by Hofmeister effect of ammonium sulfate; (b) schematic diagram of effect of

different ions on the aggregation state of PVA chains
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Strengthening and Toughening Strategy, and Preparation Method for Hydrogel
with Microphase Separation Structure

Xueqi Zhao', Xiao Liu’, Zhanrong Zhou', Yang Gao', Xiaofang Shen', Jian Hu’

(1. Department of Physics, Institute of High Technology, Xi’an 710025, China; 2. State Key Laboratory of Strength

and Vibration of Mechanical Structures, International Center for Applied Mechanics, School of Aerospace
Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

ABSTRACT: The continuous development of hydrogel towards the direction of high strength and toughness

mechanical properties was promoted by modern productions and requirements. In recent five years, many novel

design strategies which are introducing microphase separation structure into hydrogels for strengthening and

toughening, have become a highlight of research. In this review, four design strategies to strengthen and toughen,

including the homogenized network theory, sacrificed bond theory, concentrated cross-linking theory, "hard - soft"

phase structure theory and the typical types of hydrogels, were mainly generalized. Four kinds of methods to prepare

microphase separation structure were summarized as the orientation by external forces, the solvent displacement, the

precipitation by temperature, the precipitation by ion diffusion. About strong and tough hydrogels with microphase

separation structure, the toughening mechanism was summarized, the key of scientific problems was given and

direction of development was proposed.

Keywords: hydrogel; strength and toughness; microphase separation



