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The world has produced (by 2015), 7.8 billion tons of plastic
more than 1 ton for every person alive today!

European Bioplastics, 2015; IEA, 2016 Courtesy of Prof. Miroslawa El Fray 2
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Plastics Waste Generation
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Mismanaged Plastic Waste
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BIOPLASTICS

are a large family of materials that are
bio-based, compostable, or both.

».

PHOTOSYNTHESIS

RENEWABLE
RESOURCES
increase resource
efficiency, and
reduce CO,
emissions.

MECHANIC
RECYCLING

is the end-of-life
option for the over-
whelming part of
bioplastics, e.g.
bio-based PET or
bio-based PE.

Orgunh: !ef-'i“":“'s
‘"wgnm,, PRODUCTS
Bioplastics can be used in all

ORGANIC RECYCLING applications in which fossil-
based plastics are used.

ENERGY RECOVERY

is an additional option for
bioplastic materials where fitting
the product and the existing waste
management infrastructure.

makes use of untapped biowaste potential and
strengthens the secondary raw material market.

Source: European Bioplastics e. V.

Plastic waste

Bioplastics: Closing the Loop
Courtesy of Prof. Miroslawa El Fray



=)\
= Polymers from Renewable Resources
" SYNTHESIS OF PSI SYNTHESIS OF PASP VIA HYDROLYSIS
@) [ 9) i O 1 O
NH2 OH 180 °C H2N_ N pH 8 H2N ”_ OH
OH Vacuum, 7 h OH OH
0 H;PO, . On L 0o Jno
D,L- Aspartic acid Polysuccinimide (PSI) Poly(aspartic acid)
- (PASP)

Commercial production: fermentation Crosslinked Swollen Hydrogel
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H,N| N H)N|| {LO hydrolysis )k )L
| H——3 - NH H 3 HN NH]{ NH NH OH
on ¢ 0 OH pH=7.4 0 0 0 OH
5 days
L o L Jp nu L 9 | OH Jp NH | OH Jq
N N
polysuccinimide (PSI) allylamine modified PSI (PSI-AA) allylamine modified poly(aspartic acid) (PASP-AA)

Grafting Frequency: GF1, GF2, GF5, GF10

Molnar et al. J. Molecular Liquids 2020, 303
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i Electrospinning

Syringe

Polymer concentration: 35 wt% 40 wt%

Q=1 ml/h

V=1ml

Distance = 15 [cm]

15




Plasma Treatment

Low pressure air
13 minutes, 25 W

Before

Insoluble




XPS

PSI PSI-A PSI-A-PI
Cls C-N

C(=0)-NH

Intensity/a.u.
Intensity/a.u.
Intensity/a.u.

296 292 288 284 280 296 292 288 284 280 296 292 288 284 280
Binding energy/eV Binding energy/eV Binding energy/eV

Ols Ols C(=0)-NH Ols

C(=0)-NH C(=0)-NH
C-0

C-0
c-0

Intensity/a.u.
Intensity/a.u.
Intensity/a.u.

540 536 532 528 524 540 53 532 528 540 536 532 528 524
Binding energy/eV Binding energy/eV Binding energy/eV



Plasmatreated
mat

Hydrolysis

Hydrolysis, pH 7,4

Wash (MilliQ),
Liofilization
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Optimization of Plasma Treatment

( Plasma 100W 17 minutes Hydrolysis ]

Crosslinked and sterilized mat



Sterility Test

( 24 hours ) Incubation at 37 °C, CO, ( 48 hours )

moisture

Soft agarose gel + buffer Sample

Hard agarose gel



Cytotoxicity

MGG63 osteosarcoma cell line
3700 cell/well

96 well plate

WST-1 reagents, 24h, 72h

Medium

Cells

Medium

Cells

PASP solution

PASP extract

Medium

Cells




Cytotoxicity
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Cytotoxicity

PASP solution

Control




Polimer synthesis from renewable resources;
Allyl grafting

Electrospinning

Steril, crosslinked mats with no
cytotoxicity
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