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Supplementary Figures and Table

Fig.S1 The curing reaction of epoxy thermosets.



Table S1 Comparison of the catalytic degradation system (this work vs. literature)

System type Degradation system
Degradation 

temperature (°C)

Degradation time 

(min)

This work NaOH/EG/THF 60 30

Ref 17 K3PO4/ethanol 110 180

Ref 18 NaOH/EG 150 60

Ref 19 K3PO4/PEG400 130 60

Ref 20 DBU/EG 140 120

Ref 21 Zn(Ac)2/EG 170 >240

Ref 22 Zn(Ac)2/2-ethyl-hexanol 170 ~150

Ref 23 NaOH/PEG200 180 50

Alcoholysis

Ref 24
4-(Dimethylamino) 

pyridine/EG
180 60

This work NaOH/DETA/THF 60 30

Ref 25 Diethylenetriamine 130 55

Ref 26 Hydrazine hydrate 120 60
Amination

Ref 27 Aminoethanol 160 240

This work NaOH/H2O/THF 60 70

Ref 28 FeCl3/H2O 170 30

Ref 29 Surfactants/H2O 170 ~720

Ref 30 DBSA/H2O 170 ~660

Hydrolysis

Ref 31 HPW/H2O 190 150



Fig.S2 The effect of reaction conditions on alcoholysis degradation conversion.

Fig.S3 ¹H-NMR spectra of ethylene glycol sodium salt/THF mixtures at varied ratios.



Calculation Methods and Modeling Description

• [Computational Software]:

This work is based on Gaussian16 C.01 software for calculations.

• [Relevant convergence accuracy, simulation steps, and other specific parameters]

Description of calculation methods: Calculations were carried out using the Gaussian 16 

software package [1]. Geometry optimizations were performed at the B3LYP[2]-D3(BJ)[3]/ 

def2svp [4,5] level. Single-point energy calculations and ESP calculations were performed at the 

B3LYP[2]-D3(BJ)[3]/ def2tzvp [4,5] level to obtain more accurate energetics. The ESP is obtained 

by Multiwfn 3.8 Dev [6-8] program and the ESP molecular surfaces are visualized by VMD[9].

Fig.S4 Electrostatic potential, binding energy and Hydrogen bond length of two molecules of 

ethylene glycol and ethylene glycol/tetrahydrofuran.
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Fig.S5 The influence of different particle size on the mass increase of epoxy thermosets.
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Fig.S6 The effect of particle size on conversion in different degradation systems. 



Fig.S7 SEM of epoxy thermoset via THF assisted alcoholysis.

Fig.S8 SEM of epoxy thermoset via DMF assisted alcoholysis.



Fig.S9 Curve model of degradation of THF/EG/NaOH system.



The calculation of purity:

Asample: Integral area of the selected characteristic peak of the analyte (sample). NH,sample: Number 

of protons producing the characteristic peak of the sample. AIS: Integral area of the selected 

characteristic peak of the internal standard. NH,IS: Number of protons producing the characteristic 

peak of the internal standard. WIS: Mass of the internal standard (mg or g). Wsample: Total mass of 

the sample to be tested (mg or g). MWsample: Molecular weight of the sample (g/mol). MWIS: 

Molecular weight of the internal standard (g/mol). PIS: Purity of the internal standard ( 0.98, i.e., 

98%).

Fig.S10 ¹H-NMR spectrum of DEP-1 and 1,3,5-Trimethoxybenzene.

Purity（%） = (Asample/NH,sample

AIS/NH,IS
) ×

WIS

Wsample
×

MWsample

MWIS
× PIS × 100%
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Fig.S11 ¹H-NMR spectrum of DEP-2 and 1,3,5-Trimethoxybenzene.
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Fig.S12 ¹H-NMR spectrum of methylhexahydrophthalic anhydride (MeHHPA).



The calculation of E-factor:

The E-factor was defined as the mass of waste generated per unit mass of the target 

product. According to the calculation method based on literature, during the 

degradation process, the waste amount was determined by subtracting the product mass 

and the mass of recovered solvent or catalyst from the input mass, and the calculation 

formula is provided below.

𝐸 ‒ 𝑓𝑎𝑐𝑡𝑜𝑟 =
𝑊𝑤𝑎𝑠𝑡𝑒

𝑊𝑝𝑟𝑜𝑑𝑢𝑐𝑡
=

𝑊𝑖𝑛𝑝𝑢𝑡 ‒ 𝑊𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 ‒ 𝑊𝑝𝑟𝑜𝑑𝑢𝑐𝑡

𝑊𝑝𝑟𝑜𝑑𝑢𝑐𝑡

The calculation of Energy-saving:

Based on the literature method for calculating energy consumption, the energy 

consumption of the degradation process is calculated as the theoretical energy required 

for the reaction mixture to reach a specific temperature from room temperature. 

𝑄 = 𝑚𝑐𝑝∆𝑇 = (𝑚𝑇𝐻𝐹𝑐𝑇𝐻𝐹 + 𝑚𝐸𝐺𝑐𝐸𝐺)∆𝑇 = (𝑉𝑇𝐻𝐹𝜌𝑇𝐻𝐹𝑐𝑇𝐻𝐹 + 𝑉𝐸𝐺𝜌𝐸𝐺𝑐𝐸𝐺)∆𝑇

where 𝑚 represent the mass of solvent (g); cp represent the specific heat capacity of 

solvent, respectively (Jg-1℃-1); ∆𝑇 is the temperature change; V and ρrepresents the 

volume (mL) and density (g/mL) of the solvent.

The total energy-saving coefficient (η) of this work can be calculated as follows, 

compared with the energy required for similar works in the literature.

𝜂 =
𝑄𝑙𝑖𝑡𝑒𝑟𝑎𝑡𝑢𝑟𝑒 ‒ 𝑄𝑡ℎ𝑖𝑠 𝑤𝑜𝑟𝑘

𝑄𝑙𝑖𝑡𝑒𝑟𝑎𝑡𝑢𝑟𝑒
× 100%

In cases where the literature did not specify the exact amount used, it was estimated. If 

the product yield was not provided, it was calculated based on the theoretical maximum 

yield.



Table S2 compares the E-factor and energy consumption with similar works in the literature 

Degradation 

system
Matter Temperature Recovered E-factor Energy

NaOH/EG/THF

EP:0.75 g

NaOH:0.5 g

EG:1 g

THF:9 g

60℃

Product:0.45 g

THF:8.5 g

NaOH:0.45 g

4.1
0.641 kJ

0.855 kJ (1g EP)

NaOH/EG

EP:3 g

NaOH:1 g

EG:20 mL

150℃ Product:2 g 11
6.533 kJ

2.178 kJ (1g EP)

NaOH/PEG

EP:2 g

NaOH:0.8 g

PEG:40 mL

180℃ Product:2 g 20.4
16.216 kJ

8.108 kJ (1g EP)
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Fig.S13 The stress-strain curves of MEP and BEV.

Table S3 Comparison of the properties/parameters of MEP and BEV

Performance/Parameters MEP BEV

Tensile strength（MPa） 83.56 17.9

Elastic modulus（MPa） 1753.57 1259.8

Elongation at break（%） 0.07 1.59

Shape memory ⅹ √

Healing ⅹ √

Physical recycling ⅹ √



References

[1] Gaussian 16, Revision C.01, M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. 

Robb, J. R. Cheeseman, G. Scalmani, V. Barone, G. A. Petersson, H. Nakatsuji, X. Li, M. Caricato, 

A. V. Marenich, J. Bloino, B. G. Janesko, R. Gomperts, B. Mennucci, H. P. Hratchian, J. V. Ortiz, 

A. F. Izmaylov, J. L. Sonnenberg, D. Williams-Young, F. Ding, F. Lipparini, F. Egidi, J. Goings, 

B. Peng, A. Petrone, T. Henderson, D. Ranasinghe, V. G. Zakrzewski, J. Gao, N. Rega, G. Zheng, 

W. Liang, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. 

Honda, O. Kitao, H. Nakai, T. Vreven, K. Throssell, J. A. Montgomery, Jr., J. E. Peralta, F. Ogliaro, 

M. J. Bearpark, J. J. Heyd, E. N. Brothers, K. N. Kudin, V. N. Staroverov, T. A. Keith, R. Kobayashi, 

J. Normand, K. Raghavachari, A. P. Rendell, J. C. Burant, S. S. Iyengar, J. Tomasi, M. Cossi, J. M. 

Millam, M. Klene, C. Adamo, R. Cammi, J. W. Ochterski, R. L. Martin, K. Morokuma, O. Farkas, 

J. B. Foresman, and D. J. Fox, Gaussian, Inc., Wallingford CT, 2016.

[2] Stephens P J, Devlin F J, Chabalowski C F, et al. Ab initio calculation of vibrational absorption 

and circular dichroism spectra using density functional force fields[J]. The Journal of physical 

chemistry, 1994, 98(45): 11623-11627.

[3] Grimme S, Ehrlich S, Goerigk L. Effect of the damping function in dispersion corrected density 

functional theory[J]. Journal of computational chemistry, 2011, 32(7): 1456-1465.

[4] Weigend F, Ahlrichs R. Balanced basis sets of split valence, triple zeta valence and quadruple 

zeta valence quality for H to Rn: Design and assessment of accuracy[J]. Physical Chemistry 

Chemical Physics, 2005, 7(18): 3297-3305.

[5] Weigend F. Accurate Coulomb-fitting basis sets for H to Rn[J]. Physical chemistry chemical 

physics, 2006, 8(9): 1057-1065.



[6] Tian Lu, Feiwu Chen, Multiwfn: A Multifunctional Wavefunction Analyzer, J. Comput. Chem. 

33, 580-592 (2012) DOI: 10.1002/jcc.22885

[7] Tian Lu, A comprehensive electron wavefunction analysis toolbox for chemists, Multiwfn, J. 

Chem. Phys., 161, 082503 (2024) DOI: 10.1063/5.0216272

[8] Zhang J, Lu T. Efficient evaluation of electrostatic potential with computerized optimized 

code[J]. Physical Chemistry Chemical Physics, 2021, 23(36): 20323-20328.

[9] Humphrey, W., Dalke, A. and Schulten, K., "VMD - Visual Molecular Dynamics", J. Molec. 

Graphics, 1996, vol. 14, pp. 33-38.


