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The | : :
~ Unknown properties of recycled nanocomposites.
problem 7 <
to be =
solved
£ » Study the effect of recycling on the morphology, mechanical
Aim of the =) and thermal properties of MMT-nanocomposites with different
polyester matrices.
research /
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MEWI:IM Y 1 After drying | compounded the nanocomposites adding 6 wt.% of MMT to
each of PET, PBS, PBT and PLA using a twin screw extruder (1x extr.)

2- | repeated the extrusion for the reprocessed samples (2x extr.)




Practical
part

Intrinsic viscosity (1V)

» Effect of recycling on the molecular weight of PET, PBS, PBT and PLA.
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1): Intrinsic viscosity.
- M: molecular weight.
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Non-Isothermal crystallization of PET, PBS, PBT and PLA

Practical | scanned them by using a DSC during the following cooling rates 2.5, 5, 10, 20, 40°C/ min to
part J determine the crystallization and melting temperature.
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T.: mo change significantly with reprocessing and MMT.
T, _I:: BY reprocessing w 0o change, except PETt :Lower M,, so higher crystallinity.

By adding MMT_Tof all polyesters, Nucleation effect.
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- Supercooling temperature =T, - T_.
- It depends on the type of polyester: PLA is the highest , higher cooling rate.

T suserissaig By reprocessing: ¢ PET, t PBT, no effect PLA and PBS .
_I::Adding MMTlin all cases, except for PBS, Prevent the order of chains(lcrystalline fractions).

8 {PBT and PBS have higher crystallization rates due to higher molecular mobility.




- gll 1zod impact strength of composites (PET, PBS, PBT, PLA/ MMT)

The effect of adding MMT and recycling on 1zod impact strength of composite
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- PBS has the highest impact strength, PET and PLA are the lowest
- Recycling === no effect on PBT and PLA, decrease for PET and PBS (degradation+ crystalline)
- 1X extr MM T===s decrease in all samples, especially for PBS because of the agglomerates.
- 2Xextr MMT. decrease for PET and PLA.

—I:: Increase for PBT and PBS , Improved distribution + size of aggregates )




- 3l Flexural strength and flexural modulus of composites (PET, PBS, PBT, PLA/
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- 1X extr MMT === decrease in all samples except for PBS, where MMT had no effect.

- 2X extr & 2X extr MMT: no effect the flexural strength of polyesters and their nanocomposites.
-  PLA/MMT is the stiffest while PBS is the most flexible

- Reprocessing did not lead to a significant change in the flexural modulus of polyester.

- 1X extr MMT === increase in the stiffness of all polyesters, increased crystallinity.

- 2Xextr MMT. Increase for PET, PBS and PBT.

decrease for PLA.
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Time- and temperature-dependent properties of MMT/polyester nanocomposites

| measured the complex viscosity of polyesters and polyesterssyMMT using Rheometer.

- Addition of MMT
and sample recycling
have an effect on
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| Time- and temerature-deendent roerties of MMT/onester nanocomosites

| .

Practical | measured the storage modulus (G") of polyesters and polyesters/yMMT.
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and temperature-dependent properties of MMT/polyester nanocomposites
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Practical
part

Nanocomposites structure by using Wide-angle X-ray diffraction (WAXD)
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Table: Layer thickness (dq,), crystalline size (D), full width at half maximum ()
and number of layers (N)

T Y T
MMT 1.98 .

| wwr |

3.02 0.85 @5 D
2.92 0.86 9.24 3.2
3.03 0.73 10.88 3.6
3.04 0.72 11.03 3.6
2.99 0.65 @2 D
2.86 0.65 12.22 4.3
2.97 0.71 11.19 3.8
2.86 0.72 11.03 3.9



— | Time- and temperature-dependent properties of MMT/polyester nanocomposites

_ | measured the glass transition temperature (T,) of polyesters and polyesterssMMT using DMA.
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> PET&PBS:
- 2X extr: slight decreases in T
N : 9 Y
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| Time- and temperature-dependent properties of MMT/polyester nanocomposites

_ | measured the Storage moduli (E”) (below and above the T )of polyesters and polyesterssMMT
Practical || using DMA.
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>
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Below T,
MMT === improved E” for PBT, PBS, and PLA but decreased it for PET.
Recycling increased E" in all cases, the degraded chains in the amorphous phase enhance stiffness.

> Above Tg:

For PBS and PBT: a small decrease in E’, higher crystalline fractions.
For PET and PLA: larger decreases, higher amorphous content.
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Cole-Cole plots of MMT/polyester nanocomposites
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Conclusions:

| ' | O The results indicate a change in the properties of polyesters as a result of the following factors: Adding MMT and
- recycling.
The O Recycling change in the distribution of MMT in the polyester matrix change in the final properties of
results nanocomposites.

O The difference in the effect of MMT and recycling depends on the type of polyester used.

18
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MMT had a nucleation effect so the crystallization temperature of all composites increased when it was added.

PBS had higher crystallinity, more flexibility and higher impact strength compared to other polyester materials used.

PET had the highest degradation rate after recycling, while PBS and PBT showed minimal changes.

DSC results showed that the changes were related to interphase interactions, physical network, and molecular weight changes.
Rheological analysis showed shear-thinning behaviour in all materials, with PET exhibiting the highest viscosity, which decreased
significantly after MMT addition and recycling.

DMA revealed that storage modulus increased for PLA and PBT nanocomposites after reprocessing, while the increase was seen for
unreinforced PBS and PET.

MMT intercalation occurred in the polymer matrices, with decreased diffraction intensity and layer thickness after recycling in PLA and
PET.

T, decreased slightly after reprocessing, and Cole-Cole plots showed stable and mostly homogenous dispersion of MMT across samples.
Biodegradable polyester and its nanocomposites can be physically recycled in many cases with better efficiency than conventional

petroleum-based polyester
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Conferences

» AGTECO: 23.11.2021
» AGTECO: 24.11.2022
> Obuda: “Fiatal Diplomasok Féruma 2022” 10.12.2022.

> I11. International Architectural Sciences and Applications Symposium (iksad Institute Conference)

14-15.9.2023.
» Sustainable Mobility and Transportation Symposium 2024, 14-16. 10. 2024.

» AGTECO 2024, 28. 11. 2024.
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Semester Activities

| have finished the measurements.

| evaluated the results.

| have submitted three articles for publication.

| participated in two conferences.

| started writing my thesis.
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