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Introduction

Peculiarity in Nonlinear Stress Relaxation of Near-Critical Gels under Stretching Deformations
○Ryo SAKURAI, Takuma AOYAMA, Naoto YAMADA and Kenji URAYAMA

Near-Critical Gel : Obtained slightly above the gel point

Finite clusters with wide 

size distribution and 

various branching types

+

Hierarchical fractal structure Remarkable viscoelasticity

Almost no study on nonlinear viscoelasticity of (near) critical gels

Time-Strain Separability (TSS) in Nonlinear Viscoelasticity

dual Cross-link PVA gels  (Uniaxial and biaxial extension)

Critical PVC gels  (shear deformation)
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Assessing TSS for near-critical gels using various deformation modes

PTHF gel : G055 PDMS gel : Z064

Poly[(tetrahydrofuran)-(neopentyl glycol)]

Isocyanuric acid tris (5-pentyl isocyanate)

Poly(dimethylsiloxane)

Phenyltris(dimethylsiloxy)silane

Materials : Two types of near-critical gel

r = 0.55

[B]: Molar concentration of functional group in crosslinking agent

[A]: Molar concentration of functional group in precursor chain
r = [B]
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80℃, 6h 25℃, 6hr = 0.64r (gel point) = 0.50

Results
Evaluating the relaxation component

Δσ (t ) = σ (t ) − σ∞

σ∞ :equilibrium stress

Superposition of the log Ds – log t curves by arbitral vertical shifts

Stress relaxation in shear for G055

PTHF GEL (G055) PDMS GEL (Z064)

Conclusions

○ Origin of TSS failure

Possibility of strain-induced phase separation

Under investigation by small angle X-ray 

scattering measurement

Near-critical gel consists of infinite irregular 

network and finite clusters with significantly 

different viscoelasticity.

○Origin of TSS failure specific to stretching deformation

Possible origin : Tensile stress is considerably sensitive to stretching 

of polymer chains than shear and compressive stresses.

Uniaxial compression

e = −0.7 ~ −0.9

Uniaxial extension

e = 0.1 ~ 5.0

Stress decreases with time and reaches the equilibrium values∞ (>0).

Stress relaxation test : measuring the time course of stress after step strain 

Objective

Uniaxial and Biaxial Extension Uniaxial compression

Stress detection surface

Shear

Tensile stress directly detects the chain tension.
Compressive and shear stress is less 

sensitive to chain tension. 

＝

Four types of deformation modes

Assessing TSS

D𝜎 𝑡, γ = 𝑚 𝑡 ・𝑛 𝛾𝒎 𝒕 𝐢𝐬 𝐢𝐧𝐝𝐞𝐩𝐞𝐧𝐝𝐞𝐧𝐭 𝐨𝐟 𝐬𝐭𝐫𝐚𝐢𝐧

Successful superposition

G055：Shear

vertical shift

Discussion
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Shear

γ = 0.10～3.67

Strain range

e = 0.5 ~ 1.5
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biaxial extension

Removing finite clusters 

by solvent extraction G055 N055

N055 : Infinite network only

Uniaxial extension

Infinite irregular network

Stress Strain-termTime-term

Verifying TSS for

r (gel point) = 0.60

Superposition ○

Imposed strain,

Before superposition After superposition

Verifying TSS

Shear and Compression : Verifying TSS

Uniaxial and Biaxial Extension : Failure of TSS
・m (t ) depends on strain 

・Stress relaxation becomes slower with increasing strain

Nonlinear stress relaxation behavior of near-critical gels significantly depends on the deformation mode.

・Relaxation time is independent of strain in shear and compression.

・Relaxation becomes slower with increasing strain in uniaxial and biaxial tension.


