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Delamination recovery mechanism of dimethyl sulfoxide-induced swelling of carbon fiber laminated plates
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Abstract : Due to the brittle and hard nature of the resin matrix and its strong interfacial bonding with the fibers, uncontrollable
brittle fractures occur in the mechanical recycling of carbon fiber (CF)-reinforced resin matrix composites (CFRP), severely damag-
ing the continuity and orientation arrangement of the recycled CF, and significantly reducing their reutilization value. To solve this
problem, the green and low-toxicity polar solvent, dimethyl sulfoxide (DMSO), was used to dissociate CF/epoxy resin laminate into
a single layer of CF fabric under mild atmospheric pressure conditions by using the principle of resin swelling. The experimental
results indicate that at temperatures ranging from 120 °C to 180 °C, CFRP laminates can be automatically layered in DMSO, and the
increase in temperature significantly shortens the layering time (4 hours at 120 °C, 2 hours at 140 °C, 1 hour at 160 °C, and 0.5 hours
at 180 °C). The corresponding resin swelling rates range from 100.5% to 104.48%, the resin degradation rates range from 5.94% to
9.66%. This method realizes the complete retention of fiber length and fabric structure in CFRP, and the resulting soft layered prod-
ucts are easy to be mechanically cut and laid in directions and can be hot-pressed into high-performance CFRP plates supplemented
with a small amount of epoxy resin. The flexural strength, tensile strength and interlayer shear strength of the newly prepared plates
are 68.59%—79.76%, 83.53%—91.34% and 85.48%—93.28% of original CFRP , respectively. Swelling mechanism analysis indicates
that polar S=O groups of DMSO penetrate the resin network by forming hydrogen bonds with proton donors, inducing rapid physi-

cal expansion of the resin matrix. The resulting internal stresses can effectively disrupt the interface bonding between fibers and
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resin, enabling spontaneous delamination of adjacent CF layers in CFRP laminates. At the same time, DMSO has stable chemical

properties, no change in chemical structure before and after swelling treatment, and can be recycled by vacuum distillation. This

study provides a new idea for green recycling and high-value utilization of waste CFRP.
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Tab.1 Tensile, flexural and interlaminar shear strength of

reprepared CFRP
. Flexural Tensile Interlaminar shear
Material
strength/MPa  strength/MPa strength/MPa
Original CFRP  752.30£12.00 339.27+13.32 47.46+1.14
120 °C swelling
+ + +
CFRP 515.97+8.52  309.89+12.55 44.27+0.98
140 °C swelling
.89+16. 28+11. 151,
CFRP 587.89+16.39  294.28+11.42 43.75+1.02
160 °C swelling
593.43+10.13  290.31+10.36 41.96+1.26
CFRP
180°C swelling (0 0141416 2834421128 40.57+0.94

CFRP

MPa; 180 °CH, [FTSCAA e} 14 25 il v A B )22 (]
5] 3 EE 43 51k 600.01 MPa (5 4R 18 1 79.76%)
283.44 MPa (J5L IR {H 4 83.54%) 1 40.57 MPa (J5 14
{E 1) 85.48%)
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