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Linear plastic economy ncHz=cH, Rolymerization, [ oy oy 1

Ethylene Polyethylene

2

2015 total resin 2015 all plastic PCW packaging
produced (407 Mt) waste (302 Mt) end-of-life
Products
* 40% landfill
* 32% leakage to
ﬁ environment
Monomers — W —_— —_— @y * 14%
2 vl combustion

o

0PS mPET ©PVC o Polyolefins @ Other

5%

*14% collected
for recycling

14% polymers collected — 2% recycled

Coates et al., 2015
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Microplastics — 1 uym- 3mm

Nanoplastics - 1 nm -1 um



TNY Times Wirecutter Piece

Microplastics Are Everywhere.
Here’s How to Avoid Eating

Microplastics in the human body 1{=411

BBC

Inhalation
Microplastics can become
airborne from the wear and tear of

Hair plastic items and synthetic
3.5 MP/individual/day textiles, leading to inhalation
(95) (91)
Saliva Dietary Intake g " How to limit your exposure
0.33 MP/individual/day Microplastics are found in seafood, : to microplastics
(95) salt, beer, honey, and both tap and 3
bottled water, among other food > Research has shown that we are becoming more exposed
to microplastics. What can we do about it?

Sputum and beverage products (87, 91)
1.86-9.78 MP/ml
96
©6) Lung
Blood 0.69+ 0.8 MP/g
1.6 pg/ml (105)
(99) i

Bronchoalveolar lavage fluid
Breast milk 0.0918 + 0.0245 MP/ml
20.2 MP/g (104)
(101) A
Liver Spleen*
3.2 MP/g 1.0 MP/g
(100) (100)
Kidney* Dermal absorption o
0-0.2MP/g Microplastics are present in a
(100) various consumer products, ©

including cosmetics and personal

Colon care items, leading to potential N \
28.1+15.4 MP/g ingestion or skin contact (91) (CT—1)
(106)

Meconium
Placenta 54.1 MP/g
0.28 - 18 MP/g (101)
(98,101,103)

N U Feces

Saphenous w 1-41.8MP
vein tissue 3.33-13.99 pg/g
4.99 +17.18 MP/g (97,107,108)

(102)



Microplastics and Nanoplastics
in Atheromas and Cardiovascular Events

312 Patients were screened

8 Were excluded

6 Had a stroke
2 Died

304 Were enrol

led in the study

47 Were excluded

26 Had incomplete data
21 Were lost to follow-up

257 Completed follow-up

l

l

150 Had evidence of MNPs in
carotid artery plaque

107 Did not have evidence of MNPs
in carotid artery plaque
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Micro/nanoplastic formation

1. Cut back on bottled water

Bottled water is a significant source of microplastics. In fact, it’s the most
concentrated source, according to a study from 2019.

Researchers believe that bottled water contains many more microplastics
than tap. The evidence is mounting: A study published in 2024 suggests
that the typical plastic bottle of water contains two to three times the plastic

than previously thought.
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Particle size (nm)

Nanoplastics From Tire Wear

PVC pipe shaken
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MNP Formation under Quiescent Conditions

Factors influencing the weathering of plastic

. Biofilm
U’dlaUOn ' formation

Physical Salinity L N
stress

Microbial
Wave action degradation

e Fluctuatin
Microplastic : Nanoplastic :

o temperatures
Rdverse effects L /
s -

7: -/ -u..mm‘

38 et O 5
DY Currents

Impacts on transport, fate and toxicity

UV, O,, Water,
leads to chain scission



Chain Microstructure: Morphology

/CHz CHz\ /CHz\ /CHz\ /CHz\ /CHz\ /
i @ mmzmon@ @ @ @ @ @
styrene polystyrene

others
19%

LDPE, LLDPE
17%

HDPE

12%

o
l 49.5 Million Tons I




Hypothesis: Semicrystalline vs Amorphous
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Amorphous Glassy Polymers: Entanglement
Spacing
3 nm- 10K
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Polymer

Crystalline 100, 110
180

70
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Role of Morphology

2pm EHT = 5.00 kV Signal A = InLens Date :14 Feb 2025 snaged:s
WD = 6.2mm Mag= 3.00KX Vac Status = Ready

Time :14:31:58 Gun Vacuum = 4.15e-010 mbar System Vacuum = 1.72e-006 mbar revnarre




Dynamic Light Scattering

2 days oxidative degradation

K,S,0g + 2H,0 — K,S0, + H,SO, + 2[0H]~

Crystal samples
much higher scattering
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Induction Time PET Hydrolysis
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Nylon 6 + 2M HC(CI
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Role of Additives

—u— with additive

19 PP with additives i/
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Surface Images




Temperature Dependence (PET)
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Fracture Mechanics ~ Wioral = Welt + Bwpl*t

Wtotal
W =—— = We + Bwyl
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» B Unaged
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Fracture Mechanics: PET

w, (kJ/m?)

25

20+

(&)

2 4 6
Aging time (days)

= Unaged

150 | |=1dayat 105°C
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w5 days at 105°C
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Measured response (V)

Random Chain Scission

100 -

75¢1

- Unaged
~ 3 days
1 =——5days
— 7 days
- 10 days
- 14 days

50+

25t

50 175 20.0 22.5
Elution volume (mL)

1.7 cuts per chain.
Each chain length ~ 105

P~ 1.7/(105x0.73) ~ 0.02

30F

(kg/mol)
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A
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o |
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I
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5 10
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Polymer size distribution

1000

C  500f

0 250 500 750

Dp

N— Decomposition reaction Kinetics:
P Amorphous region alone

crystalline

Polymer Spherulite

www.doitpoms.ac.uk



Failure creates nanoplastics

dN ties dN mono

dt = —kN¢ieslties dt - =




Separate NPL creation from continued degradation

e PET Film +Water 110 C

* After 7 days remove film

* 12 days further
degradation

Raw Count Rate [kcps]
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Only the crystals survive

PET glycolysis




PET -

continued hydrolysis
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Hydrolytic PET Degradatlon 50-100 years !

Hydrolysis rate (mol.kg™.day™)
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Mechanical fragmentation of plastics




Particle distribution

PET — 7 days
30.0 30.0
s, SEM o, Nanoparticle tracking

20.0

% particles
>
o

% particles
>
o

10.0 + 10.0 1

5.0 5.0
0.04 0.0 . ; . .
0 50 100 150 200 250 300 350 400 450 500 550 0 50 100 150 200 250 300 350 400 450 500 550
Size (nm) Size (nm)
Average size from SEM: 151 nm Average size from nanoparticle

tracking : 124 nm
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Mean size of NPs (nm)

Literature Data
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Current “Understanding”:
Fracture Energy Model

Fragment Size (mm)

(b)

K.V24
Xg = Seol
20
N Uranium 6% Niobium
\{ AGrady and Olsen [2003]
NA
80 Y
AN
&Y 4
8 |
P B SR 2017 Aluminum
20+ K‘_gix?i?)m N @ Piekutowski [1997]
N
3 N
08| o, = (24K, [pe,é) *ﬂ\
K.=15MPa m‘fz/\\
(best fit)
0.2 1 1
0.001 0.01 0.1 1.0

Strain Rate (ms?)

Crack propagation on microplastic surface

r—— [Mpeller 1

o S
Microplastics \\ .

A
e .
’\L

Mixing process produced
water shear force

log (xs)

----- = Exp. data (This study)
Fracture energy model - R? = 0.45
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T T

2.6
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N _/
/   \
Collision

Breakage of
molecular chain

l Increased
brittleness
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o
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Nanoplastics formation



MN [I<Da]
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NPL creation under shear

Shear Film/NPL
® * o
+ @
Quiescent
) ° ®
0 5 10 15 20

time [days]

3.00

2.75} o
()
2.50}
2.25} o
Str NPL S 2,00} i ¢
PET PEL day 0 1.75F ®
Str PEL
Hyd PEL 1.50F
® o
1.25}
1005 5 10 15 20
time [days]

Very few chain breaks under shear
Mechanism is very different



MNPL Formation
successive fragmentation
(Quiescent vs Shear)

Crystals persist in nature




Decoding tirewear: Power law
distribution'and possible
aerosolization




Inlet

Particle Counter

oy
]

Outlet

Blower

Blower with Hepa filter ,15 litre, 1400watt 16 KPa






Camera-based particle size measurement.

Before After



Subtract

10°

107"

Diameter

8

d(mm)



 Size channels: 0.3, 0.5, 1.0, 2.5, 5.0, 10.0 um

Particle counter

* Flow rate of 2.8 L/min

—
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Mass of Aerosolized Fraction

The Archard wear equation is a simple model used to describe sliding wear and is based on the theory of asperity contact. The
Archard equation was developed much later than Reye's hypothesis [it] (sometimes also known as energy dissipative
hypothesis), though both came to the same physical conclusions, that the volume of the removed debris due to wear is proportional
to the work done by friction forces. Theodor Reye's model!'I2] became popular in Europe and it is still taught in university courses of

KWL




Power Law of Aerosolized Fraction

Griffith . % }g % ¢ I
¢ ¢ ¢
Energy Input creates surfaces % 20 20
and breaks bonds v(km/hr)
?os- | B
'(3—a) =06 JW { % ?
—-a) . = 0.67 ]
T S constant 50.4%}.ﬁ + I
= 02 . ~
0 1 2
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"PROTECTED" FINES
4 b\\ (Single Fragmentation)
\\ log - log slope = constant
3
ol-
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Conclusion

* Plastics generated at small scales: advected by air.

* Both single and successive fragmentation occurs



