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SUPPLEMENTARY MATERIAL 

 

3. Results and discussion 

3.1 Characterization of the catalyst 

 
Table S1. Lattice parameters and crystallite size for Mg-Fe and Mg-Al LDH materials 

LDH sample 
2θ  

(003) 

d003  

(Å ) 

c 

(Å ) 

2θ 

(110) 

a 

(Å ) 

Crystallite 

Sizea. 

(nm) 

Mg-Fe-h.s.  11.35 7.80 23.39 59.29 3.12 12.87 

Mg-Fe-l.s.  11.35 7.80 23.39 59.29 3.12 13.70 

Mg-Al-h.s. 11.28 7.85 23.54 60.40 3.07 12.06 

Mg-Al-l.s. 11.39 7.77 23.31 60.40 3.07 14.25 
aCrystallite size from Scherrer ś Equation  

 



 
Figure S1. XRD patterns of the layered double hydroxides for comparing crystallinity. 

 
Figure S2 shows the TG-DTG curves of LDH materials. Thermal decomposition followed 

three events: dehydration from adsorbed and interlayer water; dehydroxylation and 

decarboxylation (ARIAS et al. 2018). Table S2 shows the mass losses of each temperature 

range. A closer look at the mass loss in the first event shows that the degree of hydration in 

materials synthesized at high supersaturation is greater than at low supersaturation. The second 

mass loss dehydroxylation was ~12.7 % for all materials. The decarboxylation stage occurred in 

one step for the (h.s.) materials with about 25 % mass loss; while for the (l.s.) materials, additional 

small losses were detected at 370°C, that may be from the release of a residual carbonate 

(KOWALIK et al. 2013). Another fact observed was that there was a small delay between the 

thermal events for Mg-Al when compared to the Mg-Fe materials. The higher crystallinity 

observed for Mg-Al samples on the XRD patterns could be evidence of the formation of a material 

that is more stable structurally and more resistant to the thermal decomposition. 
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Figure S2. TG and DTG curves of Mg-Fe and Mg-Al LDH materials. 

 
Table S2. Mass losses from the thermogravimetric analyses of Mg-Fe and Mg-Al LDH materials. 

LDH sample Event range (°C) (mass loss %) 
Total mass 

 loss (%) 

Mg-Fe-h.s. 
25-107°C 

(5.4 %) 

107-212°C 

(12.4 %) 

212-649°C 

(24.3 %) - 42.1 % 

Mg-Fe-l.s. 
25-76°C 

(4.2 %) 

76-192°C 

(13.0 %) 

192-366°C 

(19.7 %) 

366-610°C 

(7.8 %) 44.7 % 

Mg-Al-h.s. 
25-114°C 

(5.3 %) 

114-234°C 

(12.4 %) 

234-613°C 

(26.1 %) - 43.8 % 

Mg-Al-l.s 
25-116°C 

(4.1 %) 

116-232°C 

(13.0 %) 

232-486°C 

(26.5 %) 

486-585°C 

(2.0 %) 45.6 % 

 

The FTIR spectra of LDH materials are plotted in Figure S3. A band in 3700–3300 cm-1 is 

assigned to (ѵOH) related to hydroxyl and interlayer H2O. The bending mode of the water (δ 

H2O) is around 1600 cm-1. The band in 1300 cm-1 is due to asymmetric stretching of the ѵ3 mode 

of CO32-. Bands between 700–600 cm-1 may be related to the stretching of Mg–Fe–OH, Fe–OH, Al–

OH, and Mg–Al–OH bonds (ELHALIL et al. 2016). 
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Figure S3. IR spectra of Mg-Al e Mg-Fe LDH. 

3.2 PET glycolysis 

3.3 Kinetics of PET Glycolysis over Mg-Fe Catalysts 

The Figure S4 illustrates the architecture of the neural network generated after training. 

In this network, time has been normalized between -1 and 1, which corresponds to the time 

interval of 0 to 70 minutes. The output consists of the concentrations of PET, oligomers, and 

monomers, represented on a scale from -1 to 1, which need to be converted to the range 0 to 205.89 

g·L−1. 



 
Figure S4. Architecture of the neural network model with one inlet and three outlet variables, with estimated 

parameters, after adjusting the experimental data. 

 
//Normalization  

Input(i) = 2 * Time/ 70 - 1;  

//Calculation  

Output(1) = 1.051553*(2/(1+exp(-1*(-4.229918* Input (1)+0.1630613)))-1); //PET 

Output (2) = 1.022267*(2/(1+exp(-1*(1.327412* Input (1)-2.527785)))-1); //Oligomer 

Output (3) = 1.028256*(2/(1+exp(-1*(3.523658* Input (1)-0.7499706)))-1); //Monomer 

//Denormalization 

Output (i) = 102.945* Output (i)+102.945; 

Figure S5. Computational ANN 3-part pseudocode to predict the concentrations of PET, oligomer and 

BHET-monomer as a function of reaction time. 

3.5. Characterization of the BHET products 

The PET waste and samples of its depolymerization products were evaluated by FTIR, 

TG-DTG, DSC, and 1H-NMR analyses to confirm the presence of BHET monomer after glycolysis 

of post-consume PET. Figure S6 shows the infrared spectra of the post-consume PET and BHET 

products. During glycolysis, the long PET chain is reduced to monomers and oligomers. Due to 

the similarity between the groups in the PET chains and their depolymerized glycolysis products, 

only small changes were observed among the samples. Primary hydroxyl groups (–OH) were 

identified on the bands 3608–3058 cm-1, referring to the increasing O–H bond of the HOCH2CH2– 

group added to the PET glycolysis products, which is more visible than on the PET spectra. 

Methyl group bonds (-CH-) are recognized at 2957 and 2872 cm-1 (CAPELETTI et al. 2017; 

CHEN, 2003). The aryl group is seen at 1500 cm-1; the symmetrical deformation form of the C–

O–O bond related to esters linked to unsaturated structures on the bands at 1261 and 1118 cm-1, 

and the stretching related to the carbonyl group (C=O) of unsaturated esters at 1717 cm-1. The 



other are very similar in shape and intensity to the initial PET, with the benzene p-substitution at 

892 and 727 cm-1 (ALZUHAIRI et al. 2018).  

 

 

Figure S6. FTIR spectra of PET and main product BHET monomer. 

 

Figure S7a shows the DSC curves of PET and BHET products: oligomer (P1) and 

monomer (P2). The original PET sample presented a main endothermic event at 244.2 °C, which 

corresponds to its onset melting temperature. BHET products (oligomer and monomer) 

presented an endothermic event at 114.6 °C, which correspond to the melting point of BHET 

product evidencing a great difference between reactant and products. In general, the DSC profile 

for BHET-oligomer (P1) and BHET-monomer (P2) were similar, indicating similar composition 

between them (CHEN, 2003). Thermogravimetric curves are shown in Figure S7b. PET sample 



presented a single mass loss of 80.5 % between 360–490 °C. DTG curves of the BHET products 

presented a first mass loss in 176–300 °C, which corresponds to the BHET degradation. The 

second and greater mass loss in 350–490 °C may be assigned to the PET degradation that was 

formed from the repolymerization of BHET at 300–350 °C, also observed in the literature (CHEN, 

2003). 

 

Figure S7. a) DSC thermal analysis curves of PET and BHET oligomer (P1) and monomer (P2); and b) 

Derivative thermogravimetric curves of PET and BHET oligomer (P1) and monomer (P2), under nitrogen. 

 1H-NMR spectra for the BHET obtained in the PET glycolysis in the presence of Mg-Fe-

h.s.c. and Mg-Fe-l.s.c. are presented in Figures S8 and S9, respectively. Chemical shifts are 

observed in both spectra with a pronounced peak at δ 8.1 ppm (chemical group 1 in the structural 

formula of BHET), which are related to protons of aromatic rings of BHET. The protons of the 

methyl group (-CH2) closest to the ester group (-COO) and-OH are recorded between the δ signals 

4.7 ppm (chemical group 2) and 3.9 ppm (chemical group 3), respectively; these results agree with 

the literature (NICA et al. 2015). The other two peaks recorded represent the presence between 

the samples of the solvent CDCl3 (δ 7.1 ppm) used to record the 1H-NMR spectra and water (δ 

1.8 ppm) (CAPELETTI et al. 2017). 

 



 

Figure S8. 1H-NMR spectra of BHET obtained in the presence of Mg-Fe-h.s.c catalyst. 

 

 

 
 
Figure S9. 1H-NMR spectra of BHET obtained in the presence of Mg-Fe-l.s.c catalyst. 
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