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KNOWLEDGE IN PRACTICE CENTRE (KPC)

* A freely available online resource for composite materials engineering:

compositeskn.org/KPC

* Focus on practice, guided by foundational knowledge and a systems-based
approach to thinking about composites manufacturing

Knowledge — Practice
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The Knowledge in Practice Centre (KPC) is

centered around a structured method of
Presentations Interviews AIM Event Recordings - Webinars thinking about composite material
Read more

tmanufacturing. From the top down, the
heirarchy consists of:

Today’s Webinar will be posted at:
https://compositeskn.org/KPC/A339
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TODAY'S TOPIC:

An Introduction to Composites
Sustainability
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WHAT COULD BE
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STEPS TOWARD CIRCULARITY - RETHINK
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STEPS TOWARD CIRCULARITY - RETHINK
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STEPS TOWARD CIRCULARITY - RETHINK

Rethink Process Simulation &
Virtual Testing

v

Process Product
Focused Focused

Block 5

Virtual Test
sub-system

& Simulation

Material . . R ' —
Waste - Service Life Repairability ik e N \

sub-assembly

Block 3 ; Multi-functional
structural elements ; Certification

Emissions

& Recyclability EL?JC'* ﬁ = = : Design
Pollution = - Values/

Block 1 = T~ : ’ Allowables
material - . i

Demonstration test Virtual test & simulation

mposites Knowledage Networl



https://compositeskn.org/KPC/A283
https://www.imperial.ac.uk/structural-integrity-health-monitoring/research/structural-integrity-and-failure-analysis/virtual-testing-/

STEPS TOWARD CIRCULARITY - OPTIMIZE

[Optimize ]

< < o

Intensify Extend Resource
Product Use Product Life New Life

Product i Recycling
Sharing

N Y
S ' /\ l l % '
Certification

Recovery

Extension

L—L




COMPOSITE WASTE TYPES
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COMPOSITE WASTE TYPES

* Prepreg Edge Trim e
Pre- » Prepreg Rejects (Quality)

Manufacturing < |+ Consolidated Plate Offcuts

* Resin Batch End

* Etc.

* Textile Offcuts

.  Part Trim/Rejects
Manufacturing < |. Expired Thermosets
* Core Offcutse
* Etc.

* Wind Turbine Bladese
* Decomissioned Aircraft e———
End-of-Life 3 ["Boats |

« Composite Tooling

* Etc.

mposites Knowledge Network




OPTIMIZE - RESOURCE NEW LIFE
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OPTIMIZE - RESOURCE NEW LIFE
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RECYCLING - FIBRE RECLAMATION

Objective
Separate reinforcing fibre from polymer matrix, while maintaining fibre length

Challenge
Separate the unseperable!

interface
(sizing)

disperse phase
(renforcement)

continuous phase
(matrix)




RECYCLING - FIBRE RECLAMATION

« Carbon fibre (807 GJ/tonne) vs. Steel (13.63 GJ/tonne)
« 62,000 tonnes of carbon fibre present in composite waste estimated in 2020
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RECYCLING - FIBRE RECLAMATION

« 53,094 T] - enough to power 50,000 Tesla Model 3s for 100 years (EV Database).

omposites Knowledge Network



https://evmagz.com/massive-shipment-of-tesla-model-y-and-model-3-evs-headed-for-north-america/

FIBRE RECLAMATION - PYROLYSIS

« Thermal decomposition of polymer matrix in the absence of oxygen (250 - 800 °C)
« Products include, solid, liquid and gaseous phases

Fig. 1. Thermogravimetric curves for PEEK heated in air (—) and nitrogen (---) at 1°C /min.

S
l—
T
0]
w
=

DERIVATIVE {%/min)

1 L

] l 1 [ 1 |
500 540 580
TEMPERATURE (°C)

3:30to 5:45



https://www.youtube.com/watch?v=-ZQzfwdHf1I&ab_channel=VDIZentrumRessourceneffizienz

FIBRE RECLAMATION - PYROLYSIS

« Thermal decomposition of polymer matrix in the absence of oxygen (250 - 800 °C)
« Products include, solid, liquid and gaseous phases

‘ Char residue from polymer
Clean fibre decomposition



https://www.compositesworld.com/articles/composites-recycling-is-gaining-traction

FIBRE RECLAMATION - FLUIDISED BED

« Thermal-oxidative decomposition of polymer matrix (450 - 550 °C)
« Material sorting by elutriation and subsequent cyclone
« Developed at the University of Nottingham for continuous operation

Clean flue gas
= Scrap FRP
Afterburner Cyclone

o separate fbres)

Induced
draught
fan

Recovered | Fluidised
fibras bed

Air preheating elements

Air inlet
e’ Lo
=;—_\\‘

[ — Air distributor
| plate

Fig. 7. Fibre product recovered from SMC feed.
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https://doi.org/10.1016/S0266-3538(99)00154-2.

FIBRE RECLAMATION - FLUIDISED BED

« Thermal-oxidative decomposition of polymer matrix (450 - 550 °C)

« Material sorting by elutriation and subsequent cyclone
« Developed at the University of Nottingham for continuous operation
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https://doi.org/10.1016/S0266-3538(99)00154-2.

FIBRE RECLAMATION - SOLVOLYSIS

« Chemical decomposition of polymer matrix into low molecular weight components
« Solvents used include benzylalcohol, formic acid, acetone, water, etc.
« Reaction rate accelerated by agitation and temp-pressure manipulation

From: High performance recycled CFRP composites based on reused carbon fabrics through sustainable mild solvolysis route

untreated composite sample (a) 124 (b)

composite sample after
immersion in formic acid

lllustration of separated CF layers after partial immersion in formic acid.
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FIBRE RECLAMATION - SOLVOLYSIS

« Environmental concerns

 Scaling challenges

Pressure

Supercritical Fluid

« Supercritical water possible « green »
alternative

« 22.1-35MPa Solid Phase Critical Point
400 -650°C

Triple Point Gaseous Phase

-

Temperature



https://hal.science/hal-00695025

MECHANICAL TRANSFORMATION
Objective

Reduce solid waste size via mechanical action to produce uniform recyclate(s)

Challenges Fibre Rich Resin Rich
Health & safety, fibre damage , sorting & dismantling

- makeagifcom




OTHER - ELECTRODYNAMIC FRAGMENTATION

« Rapid breakdown of the fibre-matrix interface due to high voltage micro pulses

[nitial 200 pulses 300 pulses 600 pulses
door hinge (2 cycles) (3 cycles) (6 cycles)

Cycle progression 50 — 200 kV (5 ps)

BCKN
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OTHER - (RE)CERTIFICATION

* Re-life procedure for expired thermoset prepreg rolls
* Prepreg patching and ultrasonic scanning

AT
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http://www.himawari-frp.com/products_step.shtml

OTHER - CHEMORHEOLOGY MANIPULATION
* Changing the curing and flow behaviour of prepreg offcuts

* Create a strand-based compression moulding compound




Technical Difficulty
Contamination RECYLING-WASTE MAP
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OPTIMIZE - RESOURCE NEW LIFE
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RE-MANUFACTURING - FIBRE RECLAMATION

* y

Matrix Combined

Reinforcement
(Polymer) Composite

https://compositeskn.org/KPC/A215
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RE-MANUFACTURING - FIBRE RECLAMATION

Vacuum Bag

(Oven/Autoclave) .
Compression

Infusion H Moulding
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Reinforcement
(Mat/Discontinuous)

Matrix & Sizing Recycled
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RE-MANUFACTURING - MECHANICAL TRANSFORMATION

REFORMING (THERMOPLASTICS)

=




LEARNING OUTCOMES

v Expanded view of sustainability and the impact of early decision
making « RETHINK »

v'Different waste types and characteristics

v'Summary knowledge of composites recycling and re-manufacturing
techniques

v'Appreciation for the complexity of sustainability — one size does not
fit all




| ADDITIONAL REFERENCES

*  https://www.coriolis-composites.com/fiber-placement-machines/coriolis-c1/

*  https://www.motortrend.com/news/eurp-1103-mclaren-30-years-carbon-john-watson/

« https://www.ge.com/news/reports/extreme-measures-107-meters-worlds-largest-wind-turbine-blade-longer-football-field-heres-looks-like
https://www.nasa.gov/topics/moonmars/features/ccm.html
https://www.compositesworld.com/articles/composites-end-markets-pressure-vessels-2023
https://www.pinterest.ch/pin/468726273696529748/
hlgtps://www.researchgate.net/puincation/267333389 Evaluation of Laminate Quality for Out of Autoclave Manufacturing for a Complex Shaped Crew

oor
Slide 7

+  https://www.reinforcedplastics.com/content/features/recycling-composites-commercially-part-1

»  https://stopthesethings.com/2021/08/03/unwanted-waste-company-busted-for-illegally-dumping-hundreds-of-giant-wind-turbine-blades/

+  https://www.stickybottle.com/latest-news/photos-of-carbon-fibre-bike-dump-reveal-worrying-waste-levels/

+ https://www.plasticstoday.com/automotive-and-mobility/closed-loop-recycling-recovers-carbon-fiber-end-life-aircraft

« https://www.heraeus.com/en/hpm/hmp_products_solutions/glass components/quality_glass/glassfibers.html

Slide 16
*  https://www.sailworldcruising.com/news/253161/Boat-dismantling-and-disposal-at-the-end-of-life
* https://cen.acs.org/environment/recycling/companies-recycle-wind-turbine-blades/100/i27
«  https://breton.it/products/technologies/ultrasonic-cutting

Slide 29
» CaronteFX
*  Thermoplastic Composites Research Center (https://tprc.nl/)
» Changzhou Doing Machine Co.
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Thank you for joining us!

Keep an eye out for upcoming AIM events:

Introduction to Tooling for Composite Materials Processing
Hosted by Dr. Casey Keulen

September 27, 2023
https://compositeskn.org/KPC/A340

And don’t forget to visit the KPC for more information:

https://compositeskn.org/KPC

Today’s Webinar will be posted at:
https://compositeskn.org/KPC/A339
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