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Supporting Information document

INSTANTANEOUS HYDROLYSIS OF PET BOTTLES: AN EFFICIENT PATHWAY TO
CHEMICAL RECYCLING OF PLASTICS

Jose Jonathan Rubio Arias' josejonathan.rubioarias@kuleuven.be
Wim Thielemans' wim.thielemans@kuleuven.be

1 Sustainable Materials Lab, Department of Chemical Engineering, KU Leuven, Campus Kulak Kortrijk,
Etienne Sabbelaan 53, 8500 Kortrijk, Belgium

The present document displays a series of characterizations that complement the ones in the published
version, as well as more detailed experimental issues related with the depolymerization reaction of the
KMH system with PET bottles.

About Experimental details

It was verified that the reaction is not sensitive to small differences in PET flakes, either in shape or size; the
KMH solution is able to depolymerize all range of shapes under 2 cm? with the same efficiency. The key
factor is the thickness, which was kept constant. As a matter of fact, a significant difference was observed
when the depolymerization was carried out on flakes and on pellets (0.1 mm vs 4 mm thickness). This
demonstrates that in spite of the high shrinking layer of the PET-KMH system, the reaction is governed by
diffusion limitations of the reactant species into the PET matrix.
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Figure S1 Comparison between depolymerization of PET bottle flakes and PET pellets under microwaves
assisted heating using KMH solution.

The activity of water was followed by forming sodium methoxide in-sifu without producing any water inside
the reaction system, which led to approximately the same results as for the KMH solution at high temperature.
The KMH solution was chosen because of its use of a cheap reagent (KOH), while the in-sifu production of
sodium methoxide involves the reaction of metallic sodium under dry, inert (in our case Argon) atmosphere.
There were no observable differences among the TPA produced from the fully anhydrous and the KMH open
system as demonstrated by FTIR. Further, we demonstrated that at low temperatures and through a higher
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1  control of the water inside the system, the formation of DMT can be observed as reported in the published
2 document.

/Ar MeOH N

Na + CH;OH —> 2CH;0 4 H, Fully anhydrous process

. /

- N

CHOH + KOH ——» CH;0K 4 H,0 KMH system
3 NG /

4  Scheme S1 Differences between the fully anhydrous process and the KMH system. While fully anhydrous
requires the use of metallic sodium and inert atmosphere, the KMH system only uses potassium hydroxide
6  and methanol.
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8  Figure S2 FTIR spectra of the TPA produced by the anhydrous system and produced by open atmosphere
9 KMH system.
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1  Fourier Transform Infrared spectroscopy of unreacted residues and produced TPA under microwave
2 irradiation
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4  Figure S3. FTIR spectra of unreacted PET at different times after treatment with KMH solution 1.25 M at 90
5 °C
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2 Figure S4. FTIR of depolymerization products obtained after treatment of PET flakes with KMH 1.25 M at
3 90 °C. The wavenumbers of each peak are shown and compared to commercial TPA (99.9%) from Across.

4  Table S1 FTIR peaks of the obtained TPA from PET waste and the corresponding vibrations according to
5 literature '

Wavenumber (cm-1) Vibration
875 C=C bending
927 O-H bending
1110 C-O stretching
1137 C-O stretching
1277 C-O stretching
1417 O-H bending
1679 C=0 stretching
2807 C-H stretching
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2 Figure S5 FTIR of depolymerization products obtained after treatment of PET flakes with KMH 1.25 M at
3 80 °C compared to TPA 99.9% from Across.
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5  Figure S6 FTIR of unreacted PET after treatment with KMH solution 1.25 M for 3 min at 80 °C
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DSC of produced terephthalic acid
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Figure S7 Typical DSC result obtained from produced terephthalic acid. All the heating-cooling cycles are

presented with no evidence of melting transition

DSC results of produced terephthalic acid had as main feature the absence of any melting transition, which is
expected since, normally, its degradation occurs first, explaining why there are no observable melting peaks
in DSC. TGA on the other hand, confirmed this via the cDTA accessory, which shows only one large
endothermic peak corresponding to TPA degradation above 400 °C.
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2 Figure S8 Typical TGA and DTA for obtained TPA
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5  Figure S9. PET conversion as a function of temperature for different reaction times
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