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Calculations.

Calculation of the cross-linking density (8) can be performed using Egs. (1)'%:
0=E’/3RT (1)
where R is universal gas constant (8.314 m3-Pa/K-mol); T is absolute temperature (455.55 K), and
E’ is storage modulus (75.7 MPa) at rubber state (T, + 30 °C). The ¢ value for the BPA network
at T, + 30 °C is found to be 7.1 x 10° mol/m>.
For determining activation energy (E,) of the BPA network. The relaxation time t were
fitted to the Arrhenius equation (Eq. (2)):
Int(f)=Inty+ E,/RT (2)
where R is universal gas constant (8.314 m3-Pa/K-mol); T is absolute temperature; the
characteristic relaxation time 7 can be obtained from the stress relaxation test at elevated
temperatures. E, is the activation energy of the BPA networks determined by Figure 2b.
T, is defined as the liquid-to-solid transition temperature, where the viscosity (1)) is 1012
Pa-s. The T, value was obtained using Maxwell's relation (Eq. (3)) and Arrhenius relationship (Eq.
)"
n=tE’/2(l+v) 3)
where v is Poisson’s ratio (0.3); E’ is storage modulus (75.7 MPa) at stable rubbery state (T + 30
°C); By inputting the values of Poisson’s ratio and E’ and # = 10'2 Pa-s into equation (3), an
extrapolated relaxation time 7= 34,346 s is obtained. By plugging this extrapolated relaxation time
back into the linear fitting equation (4) (Figure 2c) of equation (2), the calculated T, is about 9.1
°C.
y=5.15x-7.80 4)

where x is 1000/T (K-") and y is In 7 (s).
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Figure S1. Photos of the HDA monomer with 3 wt% photo initiator (upper left) and its UV cured
polymer (upper right), the BPA monomer with 3 wt% photo initiator (lower left) and its UV cured

polymer (lower right).
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Figure S2. FTIR of the HDA monomer and its UV cured polymer (left). FTIR of the BPA

monomer and its UV cured polymer (right).
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Figure S3. Compressive curves of the BPA samples at room temperature (left) and elevated

temperatures (right).
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Figure S4. (a) Storage modulus and tan delta curves and (b) normalized stress relaxation curve of
the BPA-BA sample at 150 °C. (¢) Storage modulus and tan delta curves and (d) normalized stress

relaxation curve of the BPA-MA sample at 150 °C.
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Figure S5. SEM images of the BPA thermoset polymer powders after milled at 400 rpm for 2 h at

different magnifications.
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Figure S6. SEM images of the fracture surface of (a) the original BPA thermoset and (b) the

recycled BPA sample after compression at 150 °C for 1 h.
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Figure S7. Isothermal degradation behavior of the BPA network at 148 °C for around 2 h (left).

TG curves of as-prepared BPA network and the BPA network after vacuum drying.
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Figure S8. TG curve of the BPA sample under air atmosphere at a heating rate of 10 °C/min.
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Step-growth polymerization Thermal-initiated radical UV-initiated radical
of epoxy thermosets chain growth of acrylates chain growth of acrylates
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Figure S9. Three classic CANs resulting from step-growth polymerization of epoxy thermosets,

thermal-initiated and UV-initiated radical chain growth polymerization of acrylates, respectively.
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Figure S10. FTIR spectra of the original and the recycled BPA network samples.
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Figure S11. SEM images of (a) the surface structure and (b) innner structure of the BPA char

residue. EDS results of (¢) the surface structure and (d) innner structure of the BPA char residue.
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Figure S12. (a) XPS survey spectrum for the burned char of the BPA sample. High-resolution (b)

C 1s,(c) O 1s, and (d) P 2p XPS spectra of the burned char of the BPA sample.
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Figure S13. The dissolution experiments for the BPA network. It shows that the BPA samples

were stable in the organic solvents, such as ethanol, acetone, chloroform, toluene and hexanes
tetrahydrofuran (THF), ethylene glycol (EG) and dimethyl formamide (DMF) after 4 days
immersion. After immersing in water for 4 days, some bubbles can be observed, indicating the

possibility of hydrolyzation of the BPA networks.
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Figure S14. SEM images of the original (left) and recycled (right) carbon fibers.
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Table S1. Basic properties of the BPA network.

Glassy modulus | Rubbery modulus Crosslinking
Sample | Tsy, (°C) | T, (°C)
(25°C) MPa) | (T, +30°C) (MPa) | density (mol/m?)
BPA 262.7 152.4 2920.6 75.7 7.1 x 103
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Table S2. Summary of recycling properties of the BPA network under different conditions.

Tensile Young’s Elongation Recycling
Sample | Recycling condition | strength modulus at break efficiency
(MPa) (GPa) (%) (%)
Original -- 54.6+2.0 1.5+0.2 75+19 --
A 50°C, 5 h, 10 MPa 183 4.1 1.7+£0.2 1.4+0.1 33.5
B 125°C, 1 h, 10 MPa | 37.4+0.8 1.9+0.0 3.1+0.1 68.5
C 150°C, 1 h, 10 MPa | 41.2+3.3 2.0+£0.6 35+1.6 75.5
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Table S3. Comparison of recycling conditions and performances of the BPA network with those of reported dynamic networks.

System Ref. | T, Recycling AT (°C) | Recycling | Recycling | o, OR Recycling | Catalyst | Flame
(°C) | temperature time (h) pressure (MPa) | (MPa) | efficiency | -free retardancy
(°C) (MPa) (%)
This | 152.4 | 150 -2.4 1 10 54.6 41.2 75.5 Yes Yes
work 125 -27.4 1 10 37.4 68.5
50 -102.4 5 10 18.3 33.5
3 62 170 108 4 300 38.1 ~31 ~81.4 Yes No
140 78 4 300 ~15 ~39.4
80 18 4 300 ~19 ~49.9
110 48 4 300 ~0.5 ~1.2
UV cured | 4 108.3 | 180 71.7 2 15 44 33 75 No No
glassy |3 ~55 220 165 2 500 ~15.2 | ~139 |~91.5 No No
thermoset | © 75 150 75 2 6 36.7 14.6 40.0 Yes No
150 75 2 9 17.2 46.9
150 75 2 14 25.5 69.5
130 55 2 14 12.4 33.8
175 100 2 14 19.3 52.6
7 95 200 105 2 12 62.0 17.6 28.4 Yes No
150 55 2 12 13.5 21.8
150 55 2 9 12.7 20.5
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8 113 130 | 80 17 |-33|1 24 10 44.8 44.9 100 Yes No
K 131.1 | 180 48.9 2 15 117.7 196.0 81.6 Yes No
UV cured | 1° -116 | 100 216 12 22 0.23 0.21 91.3 Yes No
elastomer | 'l - 130 -- 0.5 - 1.3 1.1 84.6 Yes No

A T is the differecen between recycling temperature and glass transition temperatue;

0, 1s the tensile strength of original sample, and o is the tensile strength of recycled sample;
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Table S4. The atomic percentage of each elements in original and burned BPA samples tested by

XPS.

Sample P 2p Cls O1s
Original 254 at% | 66.98 at % | 30.47 at %
Burned char | 17.80 at % | 40.82 at % | 41.39 at %
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Table S5. Weight change of the BPA samples before and after organic solvents immersion for 4

days at ambient temperature.

Solvents Before After
Toluene 100 % 100.55 %
EG 100 % 100.19 %
THF 100 % 100.92 %
CHCI; 100 % 100.42 %
Hexane 100 % 100.59 %
Acetone 100 % 100.23 %
DMF 100 % 100.62 %
Ethanol 100 % 101.02 %
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Table S6. Summary of tensile properties of the original BPA composite and regenerated BPA

composite.
Sample Tensile strength (MPa) | Elongation at break (%)
Original 370.6 £7.9 4.1+0.2
Regenerated 3289+5.2 3.6+0.3
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