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Towards a sustainable society development, the recycling technology of polymer and polyme-based

composite material is in a great demand. This study focuses on the vitrimer, one of the self-healing

polymer, and carbon fiber reinforced vitrimer (vCFRP), quantitatively evaluates the healing capability of

the crack, and proposed healable cohesive zone model (CZM). The proposed healable CZM was

successfully verified by comparing the predicted load-displacement responses of intact and healed vVCFRP

between double cantilever beam experiment and simulation. Thus, it was concluded that the proposed

model is useful for the design process of circular usage (including the repair and recycling) of polymer

and composite products.
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Table 1 Material configurations

(a) Epoxy vitrimer

phr wt %

Bis-A epoxy 100 54.5
2,2'-Dithiodianiline 38.4 20.9
Polyetherimide 45 24.5

(b) Carbon fiber reinforced vitrimer (vVCFRP)

Matrix Epoxy vitrimer
Carbon fiber IMS65 830tex 24K
CFAW 190 gsm
R.C. 35%
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Table 2 Conditions of dynamic mechanical analysis

Resin CFRP
Measurement mode Tensile Bending
Temperature range 30~230 °C 30~230 °C
Frequency 0.1 Hz 0.1 Hz
ENF #RER% Ehi L7z, BEOBICE, REA & F TR
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(b) ENF specimen
Fig. 1 Setup of healing of tested specimen by hot press

(a) DCB specimen
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Fig. 2 Comparisons of DMA test results Fig. 3 Comparisons of load-displacement curves
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Fig. 4 Comparisons of load-displacement curves before and
after repair with different repair time
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Fig. 5 Relationship between healing rate of interlaminar
fracture toughness and repair time

BIOEMEEIFHEES
t A
t(i)nt _(12 Damage onset

(II) Damage growth

Gint
K \ (I Crack
opening
sint 5 6

(a) Conventional bi-linear cohesive zone model up to
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Fig. 6 Conceptual figure of healable cohesive zone model
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Table 4 Material properties of intact and healed vCFRP.

Longitudinal Young’s modulus 153 GPa
Transverse Young’s modulus 8000 MPa*
Longitudinal Poisson’s ratio 0.341
Transverse Poisson’s ratio 0.45*
Longitudinal shear modulus 6800 MPa

* Assumed value
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Table 5 Parameters of healable cohesive zone model.

Parameters for intact vVCFRP

Initial stiffness 1.0E+05 N/mm
Maximum mode I traction 50 MPa
Fracture toughness 0.297 N/mm
Parameters for healed vCFRP*

Healing rate 0.228
Residual fracture toughness 0.066 N/mm
Residual damage variable 0.988

*Parameters for vCFRP healed by 200°C 60 min.
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Fig. 7 Comparisons of experimental and numerical load-
displacement curves of intact and healed vCFRP in the
DCB test.
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