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Polyethylene Terephthalate (PET) persistence in the environment and incomplete treatment by current recycling 

strategies lead to inevitable pollution. This challenge is particularly pronounced in textile waste, where PET fibers 

are frequently interwoven with natural and synthetic fabrics that are difficult to physically separate. Previous 

research has investigated the use of cosolvents such as dichloromethane (DCM) or tetrahydrofuran (THF), to 

facilitate the reaction under milder conditions, however to recover the obtained monomer large amount of 

antisolvents are needed. In this work we use methyl acetate (MeOAc) as the cosolvent that facilitates the 

methanolysis of PET within 1 hour at 65 °C, and at the same time allows precipitation in the binary mixture with 

methanol for dimethyl terephthalate (DMT) allowing us to achieve 97% DMT yields, with >98% pure  DMT 

recovered by simple crystallization and filtration. DFT calculations are carried out to get a better understanding 

of this intriguing effect and shows that MeOH/MeOAc solvent blends enhance the desolvation and crystallization 

of DMT in comparison to other solvents. This approach offers key improvements over previous low-temperature 

methanolysis techniques as it enables easy monomer recovery by cooling to room temperature without the need 

for antisolvents or extended crystallization at very low temperatures (to check). Life cycle assessment (LCA) 

results indicate that our method could achieve a 29% reduction in greenhouse gas emissions in a closed-loop 

recycling framework. Additionally, we successfully depolymerized PET in both 100% polyester fabrics and 

blended textiles containing cotton, elastane, and polyamide, selectively removing the polyester fraction while 

preserving other materials showing the potential of this approach as a sustainable solution to the growing problem 

of PET waste accumulation. 
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As an initial proof of concept, the methanolysis of 1 eq. of PET flakes was carried out with 0.1 eq. of KOtBu 

and 5 and 15 eq. of methanol and methyl acetate, respectively. Complete conversion of PET to terephthalate 

monomers was achieved with a dimethyl terephthalate (DMT) molar yield (YDMT) of 89% after a 1-h reaction 

at 65 °C, as confirmed by high-performance liquid chromatography (HPLC) and proton nuclear magnetic 

resonance (1H NMR) (See Fig.1a). When the system cooled to 20 °C, needle-like DMT crystals gradually formed 

due to supersaturation, as the equilibrium solubility of DMT in the 30 MeOH:70 MeOAc blend used in this first 

reaction was 0.01 mol/mol, while the concentration of DMT in the system reached 0.034 mol/mol . These crystals 

were separated during the first filtration. We recovered the remaining DMT in solution by evaporating the solvent 

blend in a rotary evaporator at 40 °C and 550 mbar to reach a solvent blend of 70 MeOH:30 MeOAc using the 

VLE information from the MeOH:MeOAc blend as reference to achieve supersaturation again (Fig. 2b). No 

dimers or higher oligomers were detected, indicating that the reaction primarily occurred at chain ends rather than 

at random ester sites.  

Besides, 1,3-dioxolane and THF were tested as cosolvents to compare the performance of these systems 

with that of MeOH:MeOAc. Although total PET conversion was achieved in both cosolvents, the DMT molar 

yields were 80% and 79% in dioxolane and THF, respectively. Additionally, Bis(2-hydroxyethyl) terephthalate 

(BHET) formed along with higher molar yields of HEMT and terephthalic acid salts in both systems, denoting 

lower DMT selectivity than when MeOAc is used. In addition, the first crystallization of DMT was not possible 

at the temperature and in the time span of minutes than for MeOAc in any of the two solvents. In fact, to promote 

the formation of DMT crystals, it was necessary to keep the sample in a fridge at 4 °C for more than 6 h. The 

highest DMT molar yield of 97% occurred at 15 eq. of methanol, indicating that a large excess of methanol is 



needed to prevent DMT degradation into HEMT due to chemical equilibrium. Besides, around 60 wt.% of pure 

DMT crystals of the total monomer produced was recovered in the first filtration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.  Methanolysis of PET with 0.1 eq. of catalyst, 15 eq. of cosolvent and 5 eq. per each equivalent of PET equivalent unit 

at 65 °C for 1 h in all the experiments. (a) With KOtBu, total conversion was reached in all the solvents with the highest yield 

of DMT in MeOAc. (b) Molar solubility (x) of DMT in pure MeOH and MeOAc  and blends of these solvent in different 

proportions in the temperature range of 293.15 K to 328.15 K. In red, the molar concentration of DMT in the solvent blend 

used for the reaction. The system is homogeneous at the reaction temperature according to the 0.5 MeOH/0,5 MeOAc 

equilibrium plot. But when cooled at 293.15 K, crystals start to precipitate (c) Methanolysis of PET into DMT and Glycolysis 

of DMT into HEMT and BHET catalyzed by KOtBu  (d) Solubility change of DMT in the reaction crude with temperature 

and the recovered crystals. 

 
However, when more than 15 eq. of methanol were used, the PET conversion and DMT yield decreased to 68% 

and 50%, respectively, likely due to the dilution of MeOAc, which reduced its effectiveness in activating the PET 

surface. Additionally, more terephthalic acid salts were observed, likely caused by moisture in the methanol. 

In summary, we developed a highly efficient methanolysis system for PET that operates below the methanol 

boiling point, thus not requiring pressurized reactors whilst not requiring halogenated solvents. This system 

enables straightforward recovery of the PET monomer through crystallization directly from the reaction crude. As 

shown by the molecular models, the solubility profile of DMT in the methanol-MeOAc blend enabled efficient 

monomer recovery via crystallization by cooling up to 20°C, eliminating the need for antisolvents or evaporation. 

Utilizing potassium tert-butoxide (KOtBu) as the catalyst in a methanol and methyl acetate medium, we achieved 

complete PET decomposition within 60 minutes at 65 °C—an unprecedented condition in PET methanolysis. The 

choice of KOtBu followed extensive screening of basic catalysts across various solvolysis media, with methyl 

acetate (MeOAc) emerging as the most effective due to its thermodynamic affinity for PET and its ability to 

generate methoxide anions, which accelerate selective methanolysis towards dimethyl terephthalate (DMT). The 

system effectively degrades PET to DMT with molar yields of up to 97% and completely depolymerizes polyester 

yarns in fabric blends, achieving DMT yields of up to 92%, offering a streamlined, environmentally beneficial 

solution for PET waste recycling. Life cycle assessment (LCA) demonstrated that this recycling method reduces 

approximately one third of greenhouse gas emissions compared to virgin PET production.  
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