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The Challenge of Plastics Waste

[ ] Packaging ~7 Prevalence
I Building & Construction
[ | Consumer & Institutional Products Plastic's versatility and widespread
o5 _ [ Transportation . .

[ | Electrical/Electronic usage have led to its prevalence in
I Industrial Machinery various industries and everyday life.
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- Plastic use is expected to increase by
= approximately 90% through 2060,
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PP LDPE HDPE PVC PET PUR PS Others raising concerns about
Data Source: Geyer, R, et. al. 2017. Production, use, and fate of all plastics ever made. DOI: 10.1126/sciadv.1700782 enVironmental impaCt-
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U.S. Plastics Waste Disposal
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7+ Low Recycling Rates

Despite demand for recyclable
materials, plastic recycling rates
remain low.

9%

of plastic waste recycled in the U.S.

1] Landfill Destination

_L__*_.__*.j:h_"—'* The vast majority of plastics in the

U.S. end up in landfills.

715%

of plastic waste goes to landfills

2018
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https://stats.oecd.org/Index.aspx?DataSetCode=PLASTIC_WASTE_7
https://www.osti.gov/servlets/purl/1866379

Economics of Landfilled Plastics Waste

] Recycled
[ ] Combusted
[ ]Landfilled
100 1 oy - — . D
1] Landfilled Plastic Value . 80'
%))
Estimated market value of landfilled E
. . © 60 -
plastic material: B
=
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PP LDPE HDPE PVC PET PS Others Data Source: OECD, NREL
How can we enable more recycling?
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. (Recycled) Long Fiber-Reinforced Thermoplastics (LFT)
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Consider Both:
Changes in Fiber Microstructure
and
Changes in the Polymer Matrix
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. Fiber Microstructure of LFT

Matrix Fiber

LFT
- . m) Orientation
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n Understand interdependencies in fiber microstructure!
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. Process-Induced Changes of Polypropylene (PP)

PP
' # > Viscosity '
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| | Thermal
V [ _ = Behavior
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=T =) Crystallization '
C

n Understand material changes induced during processing!
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. My PhD Research Summary
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- Fiber orientation

L]

RRRRRY

— ? —ﬂ{ Test + Analyze + Model

So What?

Mathematical Improve and
Models Predict

. R o Properties of:

L _ by (_) ()

dt O

 Material

dL—k L—-L

N\
Polymer
Degradation

u

J

- Viscosity
- Flow dynamics
- Heat transfer

Processing

Insights
* Product

- — =
P | = 5 < .
_/'[_\ oot > ,« R o
g - i e SR
"

Global Automotive TPO Conference

Page 11
Paula Hohoff | July 29, 2025

~/ Polymer Engineering Center

University of Wisconsin - Madison \




. Flow for Today
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. Flow Study of Recycled Polypropylene
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. Thermal Properties
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Non-isothermal DSC thermograms showing heating (top) and cooling (bottom) cycles
at 10 K/min for virgin PP and EX3 and EXG.

Estela-Garcia, Hohoff, Osswald (2025)

Consistent melting but variations in crystallization exotherms during cooling
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https://doi.org/10.1063/5.0260486

. Viscosity
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C2 across six extrusion cycles (EX1 - EX6)
Viscosity vs Shear Rate
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Evolution of PP viscosity profiles at 210°C

Estela-Garcia, Hohoff, Osswald (2025)

Decrease in viscosity driven by temperature during processing
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https://doi.org/10.1063/5.0260486
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Simulated crystallization conversion profiles (200°C to 40°C in 40s)

Estela-Garcia, Hohoff, Osswald (2025)

n Recycled material shows 3 sec delay in crystallization onset
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. Flow Study of Recycled Polypropylene

Material Material Cards :
Testing > Moldex3D oty Al
Thermal 4 Different
Properties Conditions
Viscosity 1 - 6 Extrusions

, z Y
Educational . 145
woomm L1 Moldex3D 172

How does the mechanical recycling impact the flow behavior?
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. Maximum Shear Stress during Injection Molding

[MPa]

0.050
I 0.044

Virgin PP B
—0.037
—10.031
C4 EX3 0.025
- 0.018
Injection molding simulation
results for maximum shear 0012
stress C4 EX6 -
Min 0.002

Educational

Moldex3D  eqi01a-Garcia, Hohoff, Osswald (2025)

n Decrease in high-stress regions with increased re-extrusion
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. Velocity (in flow direction) during Injection Molding

[m/sec]

Higher flow
\ l velocities
Virgin PP - -0.408 @
\ s Increased
N... alignment of
C1EX6 \ - polymer chains
Injection molding simulation b @
results for the velocity in the SEE
flow direction after varying re- i Increased
. g C3 EX6 -1.628 ]
extrusion conditions | yield stress
Mo;jcclael)(j‘]a Estela-Garcia, Hohoff, Osswald (2025)
n Increased thermal degradation leads to higher flow velocities
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. Flow for Today
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. Observations & Future Work

Connect knowledge of process-induced changes
in fiber and matrix microstructure

Predict changes in flow of recycled materials

Optimize processing conditions
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