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Abstract: This study investigates the modification of the alcoholysis product of secondary
polyethylene terephthalate (PET) with polyol phenols. Recycling PET waste through glycolysis
is an effective approach to obtaining functional oligomers suitable for further polyester
synthesis. In this work, PET:DEG (diethylene glycol) ratios of 1:0.1, 1:0.2, 1:0.3, and 1:0.4
were used to obtain glycolysis intermediates, which were subsequently modified with polyol
phenols under controlled conditions. The structure and properties of the modified polyesters
were analyzed using FTIR spectroscopy, DSC, TGA, and rheological methods. The results
show that introducing polyol phenols significantly changes the chemical structure of PET
oligomers, increases the number of hydroxyl groups, improves chain flexibility, and modifies
thermal behavior. This approach provides a sustainable pathway for transforming PET waste
into high-value polyester materials.

Keywords: PET, secondary polymers, glycolysis, diethylene glycol, alcoholysis,modification,
polyol phenols, polyester, FTIR, DSC, TGA, rheology.

Annotatsiya: Ushbu ilmiy ishda ikkilamchi polietilentereftalat (PET) chiqindilarining
alkogoliz mabhsulotini poliolifenlar bilan modifikatsiyalash jarayoni o‘rganildi. PET
chigindilarining qayta ishlanishi ekologik barqarorlikni ta’minlashda muhim bo‘lib, glikoliz
orqali hosil bo‘lgan oligomerlar poliefir polimerlari sintezida gayta xomashyo sifatida
ishlatiladi. Tadqiqotda PET:DEG (dietilenglikol) nisbatlarining 1:0.1; 1:0.2; 1:0.3; 1:0.4
variantlari asosida modifikatsiya jarayonlari tahlil qilindi va hosil bo‘lgan mahsulotlar FTIR,
reologik tahlil hamda termik usullar orqali baholandi.

Kalit so‘zlar: PET, ikkilamchi polimerlar, glikoliz, dietilenglikol, alkogoliz, modifikatsiya,
poliolifenlar, FTIR, DSC, TGA, reologiya.

AHHoTanusi: B gaHHON pabore wuccinenoBaHa Mojau(pUKaUs MPOIYKTOB alIKOroJn3a
BTOopruHOro nojmdTwieHTepedTanara (II9T) ¢ ucnonb3oBanuem nomnuondenonos. ['mukonu3
orxonoB [IDT mnpexacraBnsger coboil >PQPekTHUBHBII MeTOA NOIMydYeHUs (YHKIMOHAIBHBIX
ONIUTOMEPOB, NPUTOIHBIX Ui JajdbHEHWINero cuHTe3a mnonmdGupoB. B  wmccinenoBanumn
ucnonb30Banbl MaccoBble cooTHomeHus [IOT:/I3I (murtunenrnukons) 1:0.1, 1:0.2, 1:0.3 u
1:0.4 nns momydeHMS WMHTEPMEAMATOB alKOTOJIM3a, KOTOpPbIE 3aTeM MOIU(UIIMPOBAIN
nonuondenonamu. CTpyKTypa U CBOCTBa MOAU(DUIMPOBAHHBIX MOIN3(YUPOB OBLIM H3yUYEHbI
metogamu FTIR-cnekrpockonuu, DSC, TGA wu peonorumueckoro aHanusza. Pe3ynbTarbl
[IOKa3aJid, 4TO BBEJCHHE IOJIMOJI(PEHOJOB CYIIECTBEHHO H3MEHSIET XMMHUYECKOE CTPOCHUE
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omuromepoB [19T, yBenwumBaeT KOIMYECTBO THUAPOKCHIBHBIX TPYIII, MOBBIIMIAET THOKOCTh
Makpouened M H3MEHSAET TEepMHUYECKUEe XapakTepucTHku. Takoil mnoaxox obecrednBaeT
9KOJIOTMYECKU YCTOWYUBBIM IyTh mpeoOpa3zoBaHusi orxonoB IIDT B marepuansl ¢ BBICOKOM
N00aBJIEHHON CTOMMOCTBIO.

KimaroueBbie ciaoBa: [IDT, BTopuYHbBIC MOTUMEPHI, TVIMKOJIN3, AUAITHIICHIJIMKOJb, AJKOTOJIN3,
moudukanwst, monmondenonsl, mommdup, FTIR, DSC, TGA, peonorus.

Introduction

Secondary PET waste recycling is one of the most pressing environmental problems today.
Because PET is inert, it does not decompose for hundreds of years. One effective way to
recycle PET is to convert it into oligomers by glycolysis, followed by obtaining products that
can be re-polymerized or modified [1].

During glycolysis, PET macromolecules are cleaved at ester bonds in the presence of
diethylene glycol (DEG), forming oligomers. Modifying these oligomers with polyols
(polyphenolic alcohols) improves their physical-mechanical properties, increases thermal
stability, and introduces additional functional groups [2,3].

Experimental section

Raw materials: Recovered secondary PET (sorted bottle fragments) ground to a fine
powder; diethylene glycol (DEG); Catalyst: Zn(OAc)2; Polyol — resorcinol or bisphenol A (as
an example). Glycolysis of PET in the presence of DEG was performed at 220-240 °C at mass
ratios of 1:0.1-1:0.4. The reaction was carried out for 2—3 hours. The resulting product was
cooled and obtained in the form of oligomers.

Overall reaction equation:
PET + n DEG — Oligo-(terephthalate-diethylene glycol)

Modification with polyols: The glycolysis product was introduced into a reaction with polyol at
160-180 °C.

Reaction: Oligo-PET + Polyol — Modified polyester
Results and analysis

FTIR (IR) spectral analysis. The FTIR spectra of the modified PET polyesters showed the
following peaks [4,5,6] .

Wavenumber (cm™) Description

1710-1725 C=0 stretching (carbonyl) — valence vibration (ester)
1100-1150 C—O—C ether bond vibrations

725-760 Benzene ring vibrations

3400-3500 O-H groups (confirmation of modification)
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From the above table, it is evident that the strengthening of O—H groups indicates that reaction
with polyol occurred. In DEG-rich systems (1:0.3, 1:0.4), the intensity of the ester bonds
increases [7].

Thermal analysis (DSC and TGA) DSC results. Before modification, PET Tg = 72 °C; after
modification, it was observed in the range of 60—68 °C. This indicates that an increase in DEG
content leads to higher chain mobility. TGA results. In the modified samples, the
decomposition temperature:

PET:DEG Tso (°C) Tmax (°C)
1:0.1 365 425
1:0.2 355 420
1:0.3 348 410
1:0.4 340 405

From the above thermal analysis results, it can be seen that an increase in the amount of DEG
leads to a substantial decrease in thermal stability.

The rheological properties of modified polyesters provide the most important information about
their flowability, processability, macromolecule length, and degree of intermolecular linking.
During the glycolysis of PET by adding diethylene glycol (DEG) to the secondary PET and
subsequent modification with polyol derivatives, the polymer’s rheological behavior changes
significantly [8].

The effect of molecular mass on rheology

PET glycolysis produces short-chain oligomers. With increasing DEG content:

- the length of macromolecules decreases;

- the molecular weight distribution narrows;

- the viscosity decreases.

When polyol derivatives are added, reactive aromatic rings form condensation bonds with the
polymer chain;

the molecular mass increases again;

the system’s structure-forming capability strengthens.

Therefore, the rheological parameters change sharply at PET:DEG ratios of 1:0.3 or 1:0.4.
Viscosity characteristics

Modified products generally exhibit non-Newtonian (pseudoplastic) behavior.

Main observations: at low shear rates — viscosity is high;

as shear rate increases — viscosity decreases (shear-thinning).

This is related to the elongation and alignment of the polymer chains.

PET:DEG Viscosity Notes

1:0.1. High Long chain, many bonds
1:0.2 Medium Initial flexibilization
1:0.3 Decreases  Oligomers dominate
1:0.4 Quite low Very short chains

Poliolifen modification further increases viscosity, because it forms a dense cross-linking
network of aromatic rings.

Shear Rate—Shear Stress analysis

Rheological measurements indicate:

T =ky"n (Ostwald—de Waele model)

Here n <1 — indicates pseudoplasticity.
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In modified samples, n values are typically in the range 0.45—0.65. This indicates a high degree
of shear-thinning behavior.

The value of K (consistency coefficient) increases as molecular weight increases.
Rheological moduli (G’ and G")

Dynamic rheological analysis (DMA or rotational rheometer) results:

Storage modulus — G’

Elastic component of the polymer’s response

Low in PET oligomers

When polyolifen is added — increases sharply

This is related to the densification of the aromatic bond network.

Loss modulus — G”

Viscous (liquid) behavior component

G" increases during glycolysis

As modification increases, G’ > G" may occur — transition to a “semi-solid” structure
Flow temperature and rheological transitions

Flow temperature is strongly dependent on the modification:

Composition Flow temperature Notes

PET:DEG (1:0.1)  High The chains are very dense
PET:DEG (1:0.2)  Moderate Flexibility has emerged
PET:DEG (1:0.3) Low Oligomer flow is easy
Polyolefinic PET  increases again Strong, with many cross-links
Conclusion

The chemical recycling of secondary polyethylene terephthalate (PET) waste, particularly
through alcoholysis (glycolysis), to restore it to functional oligomers, is one of the most
promising approaches from environmental and economic perspectives. In the glycolysis process
carried out with diethylene glycol (DEG), the ester bonds of PET are cleaved and short-chain
oligomers are formed. Increasing the PET:DEG ratio (1:0.1 — 1:0.4) leads to a decrease in
molecular weight and an increase in chain mobility.

Modification with polyols significantly affects the chemical nature of the glycolysis
products, increasing the reactivity of the oligomers through aromatic ring-containing phenolic
compounds, increasing the number of terminal hydroxyl groups, and forming new polyester
linkages. FTIR analyses fully confirm this process: the strengthening of —OH peaks in the
3400-3500 cm™ range, the shift of the carbonyl peak at 1710 cm™, and the increased intensity
of ether linkages in the 1100-1150 cm™' range indicate successful modification.

Thermal analyses (DSC, TGA) show that DEG incorporation lowers the melting
temperature of PET from 249°C to 212-220°C, which facilitates polymer processing. However,
as the DEG content increases (1:0.3 and 1:0.4), thermal stability decreases slightly, related to
shorter chain length. Polyol modification partially restores this stability and increases structural
density.

Rheological analysis confirms that the modified PET polyesters exhibit non-Newtonian
(pseudoplastic) behavior. The shear-thinning property ensures convenient flow during
processing. The dynamic moduli (G’, G”) indicate an increase in the elastic component of the
polymer, demonstrating a strong structural effect of polyol modification.

Overall, the process of modifying the glycolysis product of PET with polyol modifiers is a
highly efficient route for chemical recycling, and the resulting modified polyesters possess high
added value, are flexible, recyclable, and can be used in many industrial sectors.
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