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Gospodarka o Obiegu Zamknietym

Przewidywane S$rodki wdrazania strategii UE w ramach GOZ
w zakresie biodegradowalnych tworzyw sztucznych nadajgcych sie
do kompostowania:

O przygotowania zharmonizowanych przepiséw dotyczacych definicji i
oznakowania tworzyw sztucznych nadajacych sie do kompostowania i
tworzyw biodegradowalnych;

1 przeprowadzenia oceny cyklu zycia w celu okreslenia warunkdw,
w ktorych stosowanie takich tworzyw jest korzystne, a takze kryteriow
dotyczacych ich stosowania;

O rozpoczecia procesu ograniczania stosowania tworzyw ulegajacych

degradacji utleniajgce;.
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Forensic polymer
engineering

Why polymer products
fail in service

Peter Rhys Lewts and Colin Cagg

we

Inzynieria
odpowiedzialnosci

The classical
forensic polymer
engineering

The classical forensic polymer
engineering concerns a study of
failure in polymer products.
This area of science comprises
fracture of plastic products, or
any other reason why such a
product fails in service, or fails
to meet its specification




Polymer degradation

Polymer degradation leads to sample embrittlement,
and fracture under low applied loads

Ozone cracking in natural rubber tubing
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Polymer degradation

Breast implants

Fractured breast tissue expander showing cracked catheter
and bulb for hypodermic additions at left



Forensic engineering
of advanced polymeric materials

Forensic engineering of advanced polymeric
materials deals with the evaluation and
understanding of the relationships between
their structure, properties and behavior
before, during and after practical
applications

Chem. Biochem. Eng. Q., doi: 10.15255/CABEQ.2014
Polymer Degradation and Stability, 110 (2014) 518-528
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Mass Spectrometry
in Polymer Chemistry

opakowaniowy
molecular level structure evaluation

® |on trapping ESI mass spectrometers
can trap ions of a selected mass
and analyze fragments derived from
these precursors
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Materialy opakowaniowe
z kompostowalnych
tworzyw polimerowych

A new generation of packages
from compostable polymer
materials

POIG.01.03.01-00-018/08



Forensic engineering of advanced
biodegradable packages

Thermoformed final product
(tray) prepared from PLA
rigid film: a — macroscopic
and b — microscopic

Digital photographs of the
thermoformed final product
from PLA rigid film after 70
days of degradation in the
composting pile:
a — macroscopic and

b — microscopic Waste Management, 52 (2016) 69



The use of environmentally friendly polymers as
packaging materials for long shelf-life applications as
cosmetic packages is the new trend for production

Visual evaluation of the PLA film before degradation (A), after 16
weeks (B) and after 24 weeks (C) of degradation in paraffin at 70°C

Polymer Degradation and Stability, 98 (2013) 316-324



The ex-ante investigations as well as ex-post studies are
needed in order to define and minimize the potential
failure of novel biodegradable polymer products before,
during and after specific applications
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Changes in GPC chromatogram of PLA samples after 44 weeks of
degradation in glycerine, propylene glycol and paraffin at 70°C



The most important requirement for plastic cosmetic
packages is to avoid degradation and the migration of
any low molecular weight components into a cosmetic
formulation during storage

0 CH, 0 -
100 89.4 'G“I’JL‘U“+J"]I’n"+:[’u“a'
|_ H:l HJ

80
60— g0 161.4 1385.9
1 « 1817.2
Z 1745.4
o 80 20 28
g 7]
g 4 0
© - 60 80 1 1 140 160 1
S 60 13143 1889.1
e ] 124138 ol
S 40 —
8 7] 1170.5
€ T
20 —
d 73
] 311.7 521.7 665.9

o

200 400 600 800 1000 1200 1400 1600 1800 2000
m/z

The ESI-mass spectrum (negative ion-mode) of the remaining PLA
film after 1 year incubation in paraffin at 70°C



Visual evaluation of the PLA
and PLA/(R,S)-PHB rigid films

PHB,% O 3 9 12 15

| (B) after 15 weeks of
degradation in paraffin




Water-soluble oligomers
of PLA/a-PHB blend
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Forensic engineering of advanced

polymeric materials Part IV: Case study of

oxo-"biodegradable” polyethylene commercial bag —
Aging in biotic and abiotic environment

PE-HL PE-HS

Digital photographs of PE-H after 365 days of
incubation in distilled water at 70° C (two fractions: PE-
HL — large pieces of investigated material, PE-HS — small
pieces of investigated material)

http://dx.doi.org/10.1016/j.wasman.2017.03.043




Od Polietylenu do PHA

Materials, 9 (2016) 367



Bioactive conjugates from PHA

biomass

lonic liquids + catalyst
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Bioplastics
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Fermentation Centrifugation Conjugation

separation and non-woven meshes




The Microbial Production of PHA from

Waste Polystyrene Fragments Attained Using
Oxidative Degradation

Thermal 0, /0, treatment
produced PS1-4 samples
for bacterial carbon
source

Polystyrene (PS)
waste oxo-degradation
process to form PSO

—_—
J———
R ——
e p—
Pp—
R ——
——
e———
fe———
O ——
b ———
@ —
Y —
Y ——
* ———

BRIAN JOHNSTON
PhD student

BEAE MIDLANDS TODAY

Fermentation
& extraction

Product  Applications: |
=l ““ 3D Printer filament, |
characterization | tissue scaffolds,
using NMR/ESI-MS

packaging

Polymers 2018, 10, 957



Kompleksowe badania (bio)degradacji kompozytow
wybranych polimeréw biodegradowalnych z napetniaczami

naturalnymi i bakteriocynami
(Narodowe Centrum Nauki nr 2016/21/D/ST8/01993)

Badania aktywnosci mikrobiologicznej

Strefa zahamowania wzrostu bakterii Staphylococcus
aureus dla A-nizyny 1, B-nizyny 2, C- P(3HB-co-4HB) z
powtokq z nizyny 2

Otrzymywanie kompozytow

Zwymiarowana ksztattka
Haake Tensile Bar Type 3

Wyttaczarka dwuslimakowa MINILAB II firmy HAAKE,

Slimaki z uzwojeniem mieszajacym Witryskarka MiniJet

Kompozyt P(3HB-co-4HB) z korkiem



Kompleksowe badania (bio)degradacji kompozytow
w warunkach kompostowania laboratoryjnego i przemystowego

kompostowanie laboratoryjne

bioreaktory
kompost przemystowy

respirometr Micro-Oxymax

kosz na probki

kompostowanie przemystowe

system KNEER system Biodegma

sktad
stanowisko P(3HB-co-4HB)

badawcze

przed degradacjg

respirometr

system Biodegma

system KNEER

P(3HB-co-4HB)
/10% korka

P(3HB-co-4HB)
/30%korka
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Future trends —
ESI-MS" for molecular labeling

Coding Macromolecules: inputting information
in polymers using monomer-based alphabets

\
“Writing”
>
Sequence-defined
P synthesis

Jean-Francois Lutz

“Reading”

r 3
Information-containing
macromolecules
-00000000-
. J

>
Sequencing

J. Lutz, Macromolecules, 48 (2015) 4759
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Biodegradable polymers synthesis
based on clean coal technologies and biomass
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Organic Letters, 8 (2006) 3709-3712
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Tetrahedron, 69 (2013) 4990-4993



Decoding
“orstem BB
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Molecular labeling

“Writing”
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Monodisperse PHA oligomers

D. Seebach, M.G. Fritz : International Journal
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Podsumowanie

U Nowa strategia badan jaka jest inzynieria odpowiedzialnosci
w zakresie biotworzyw prowadzi do poznania zaleznosci
miedzy strukturg, wtasciwosciami i funkcjg biotworzyw jako
materialow opakowaniowych nowej generaciji.

O Umozliwia zatem zminimalizowanie ewentualnych
niepowodzen zwigzanych z przysziym wykorzystaniem takich
opakowan.

O To nowe podejscie obejmuje badania tych materiatéw przed,
w czasie i po ich specjalistycznym zastosowaniu,
w szczegolnosci jako opakowan o przediuzonym okresie
stosowania.
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The University of Wolverhampton has a long and cherished
history dating back to Wolverhampton's Mechanics' Institute
and College of Art in the mid-1800s
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