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Agenda

* Introduction to Greenloop (5 mins)

* Introduction to bio-rubber value chain (5 mins)

« Chemical devulcanisation and multilayered rubber results (10
mins)

* Vibration testing results (10 mins)

* Fire testing results (15 mins)

« Q&A (15 mins)
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GREEN-LOOP Overview
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Introduction to bio-rubber value chain

Why target these materials?
Rubber: 3.2 million

ﬂ tonnes of used Acoustic |
tyres are generated dampener
annually in Europe How can their
~ value be keptin a
Compounding Lignin: 950 million circular economy

+ Pressing tons of biomass Flame
produced retardant

annually in Europe

What is the market gap?
Rubber Recycled rubber panels on the market but rubber mainly used as filler:
panelling * bound with virgin fossil-derived resins

GCREEN-LCOP
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Introduction to bio-rubber value chain
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Rubber devulcanisation results

Hesam Ramezani, University of Bristol
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Devulcanisation using Deep Eutectic Solvents (DES)

* Combination of 2 or 3 components
* Capable of forming Hydrogen bonds
* Synthesised using a simple heater stirrer

* Lowtemperature

ChCl-Urea (1:2)
Melting point: 80 °C

ChCl Urea
Melting point: 302 °C Melting point: 132.7 °C

16/07/2025
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Ramezani, H, Scarpa, F., Zhang, Q, Ji, W, Khorramshokouh, A, Rochat,S., .. & Thakur, V. K. (2024). Green and sustainable devul canization of ground
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[ I I Vé niversity o
Devulcanisation of crumb tire rubber iy

Nearly 60% devulcanisation :
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Multilayered rubber results

Hesam Ramezani, University of Bristol
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Coating ink and multilayered rubber

Coating ink

Middle layers
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Monotonic and cyclic compression test
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The coated multilayered rubbers possess enhanced damping performmance and hysteresis compared to the unlayered samples

The coated multilayered rubbers exhibit improved compressional modulus and strength compared with the unlayered

CREEN-LCOP

samples in the monotonic compression tests
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Vibration testing

Fabrizio Scarpa, University of Bristol
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* Tests carried out using modular and
flexible floor rig

«  Two types of platform (stiff and Stiff Platform Flexible Platform
flexible) 3m Span Length 5m Span Length
* Hammer and sine sweep tests (0.5 " ‘ .

Hz — 30Hz)

« Concentrated masses for the
equivalent of 75kg

* Sine sweep tests most statistically
reliable — good comparison with
hammer tests

«  Walking tests (25 walks recorded,
human of 70 kg + bag)

* Tests on Owt% and 20wt% lignin
panels

Distributed weight equivalent to
tile weights

B - Tansu Gokce, Adam Crewe, Anastatios Sextos
CREEN-LCOP
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* Sinesweep Stiff Platform Flexible Platform
« Asingle pulse 3m Span Length 5m Span Length

applied with an

Power Spectra (Normalized)

Power Spectra (Normalized)

. B Platf (w/o tiles) B Platf (w/o tiles)
actuator and free | care Pt oo |+ car P oot |
Vi b rat i O n Of th e 0sk ,.‘.. Platform with Type 2 tiles | sl .... Platform with Type 2 tiles |
p | atfor m 07t .."'-, 1 07t i
recorded 06| A | 06| o
. 5 Bare Platform: 9.09 Hz 5 Bare Platform: 4.82 Hz
« Data filtered 2o0sf Tile Type 1:9.22Hz ||  zo0sf Tile Type 1: 4.88 Hz 1
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Type 1 Tile = 0 wt% lignin
Type 2 Tile = 20 wt% lignin

3m Span Length 5m Span Length

Freq. Damping Freq. Damping
(Hz) (%) (Hz) (%)
Bare System 9.09 1.45 4.88 1.85
Type 1 Tile 9.22 1.73 4.88 2.08
Type 2 Tile 9.16 1.78 4.82 2.07

3m Span Length (with 75 kg)

5m Span Length (with 75 kg)
Freq. Damping Freq. Damping
(Hz) (%) (Hz) (%)
Bare System 5.65 1.44 2.81 2.2
Type 1 Tile 5.62 1.74 2.81 2.2
Type 2 Tile 5.55 1.72 2.81 2.23
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Increase in damping

Increase in damping

and Innovation
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Acceleration with Walking Periods and Peaks

16/07/2025
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Stiff Platform (3m Span Length)

3.0m

1.5m

3m Span Length - Accelerations

16/07/2025

Flexible Platform (5m Span Length)

——
S,

< > | —>
< L

Number of Peak Std Dev. | Attenuation
Walking Cycle | Acceleration (g) (g) (%)
Bare System 54 0.170 0.050 -
Type 1 Tile 61 0.167 0.045 2%
Type 2 Tile 60 0.165 0.053 3%
3m Span Length - Displacements
Peak
Number of Displacement | Std Dev. | Attenuation
Walking Cycle (mm) (mm) (%)
Bare System 54 7.035 1.085 -
Type 1 Tile 61 6.988 1.085 1%
Type 2 Tile 60 6.366 1.000 10%

0.5m 5.0m 0.5m
5m Span Length - Accelerations I
Number of Peak Std De’ Attenuation
Walking Cycle | Acceleration (g) (g) (%)
Bare System 40 0.595 0.17 -
Type 1 Tile 40 0.478 0.14 20%
Type 2 Tile 40 0.440 0.14 26%
5m Span Length - Displacements
Peak
Number of Displacement | Std D Attenuation
Walking Cycle (mm) (mm) (%)
Bare System 40 35.884 4.257 -
Type 1 Tile 40 33.219 4.207 7%
Type 2 Tile 40 32.569 4.471 9%

AN Funded by
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Particle dampers with recycled rubber
| - -

(@)

(https://doi.org/10.1016/jjsv.2011.12.022)

« Passive damping device using the interaction of particles
within a confined space to damp vibrations Youbohona Ko
Used in civil constructions, turbine blades, rocket engine g g

turbo-pumps and rotary printing equipment

-LCOP
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x = Xsin(wt) I =Xw’/g
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| X 1077 Under 20Hz L X 1077 Under 40Hz
—®— ABS DEM from paper —@— ABS DEM from paper
—#— ABS EXP from paper —#— ABS EXP from paper
—4&— Rubber —&— Rubber
0.8 b 0.8+ b
- 0.6 R - 0.6 R
2 2
E =
w04t - w04k i
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1 0 1
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Increased energy dissipation efficiency at lower frequencies and high vibration amplitudes
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Reaction to fire results

Frederik Knez, Slovenian National Building And Civil Engineering Institute (ZAG)
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Reaction to fire (EN 13501-1) ZAG

Material/products of different reaction to fire class
Al A2 B C D E F

Non-combustible materials Hardly combustible materials Normally flammmable materials other

-LCOP
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Cone calorimeter (ISO 5660-1) — 25 and 15 kW/m?2

Heat release rate (HRR) for rubber 500 Heat Release Rate
without or with lignin (10% and 20% _'1‘;“"':’“’““":;:::‘"2'”“’"“2

. . o —10% lignin - m.
mixture) at two incident heat fluxes: 400 — 20%lignin - 25KWim2

350 “ ——rubber without lignin - 15kW/m2
e 25 kW/mz, 15 kW/m2 300 ——10% lignin - 15kW/m2
* No lignin, 10% and 20% of lignin “§250 f\ 2% ignin-15kWm2
* More lignin - faster ignition, lower %200
[a =

peak HRR * 150 Wil
* Lower incident heat flux — 100 il

significant ignition delay, a little *0

0 !
lower HRR 50 0 500 1000 1500 2000 2500 3000
time (s)
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Small flame test (EN ISO 11925-2) — class E ZAG

Flaming
30 s flame application Ignition- Max height of  stopped-
when? flame-when? when?
rubber surface no
no lignin edge yes (2 s) 100 mm (60s) No (>605s)
rubber surface no
10% lignin edge yes (2 s) 90 mm (60 s) No (> 605s)
rubber surface yes (25 s) 40 mm (30 s) Yes (30 s)
207 lignim edge yes (2 s) 100 mm (60s) No (>605s)

Class D, C or B reguirements:
(together with SBI testing):

* 30 s pilot flame exposure
* Flame height during 60 s of

Class E reguirements:

* 15 s pilot flame exposure
* Flame height during 20 s of
testing time <150 mm

- “;.'f: [y testing time <150 mm
L
Funded by Views and opinions expressed are however those of author(s) only and do not necessary UK Research 26
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Single burning item (EN 13823) ZAG

Potential class D or higher

* For unprotected, exposed
samples minimum class C
is required

* Requires a lot of fire
retardancy

The sample did not pass the

test

* Class E is realistic for
untreated material, requires
either covering or
additional surface
treatment

the European Union reflect those of the European Union or HADEA. Neither the European Union nor the granting and Innovation
authority can be held responsible for them.
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Floorings (EN ISO 9239-1) ZAG

The test method has

similarly shown Eg class

« Additional surface
treatment is required
to elevate class if
needed

« A few variants have
been considered

-LCOP
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Additional treatment - description ZAG

Material surface was treated

with

 Fireretardant in spray (for
textile) 2 poor adhesion

 Sodium silicate (water glass)

« Sodium silicate with 1%
lignin mixture (saturated)->
enhanced adhesion

 Sodium silicate with 0,5%
lignin mMixture

-LCOP
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Additional treatment

 Non treated material and FR spray
treated ignited.

Heat Release Rate

« Sodium silicate treated surface as0

(without or with added lignin) did

not ignite.
« Sodium silicate with added lignin g

Z 200

has better surface adhesion £ 150
 Rubber with added lignin: 100
_ ignited I 50 All water glass treated samples
- Expandsin volume during the test ° o "y 400 600 800 1000 1200 1400
- Has lower first HRR peak 0 time (s)
= Has highersecond HRR peak oot o " otn e st ot b s

----- 0%lig-rubber Na25i03+0,5%lig

CREEN-LCOP
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Smoke gases - FTIR

. Suttur Dioxide Toxic gases - percentage of allowed value (IMO 2010 FTP Code
Limit values as " 100 & P & ( )
. . 60 -
given in IMO 2010 S 9
FTP Code g:: v 80
% 2 g 70
10 =
Values are N 2 60
conservative 10 = 50
i Tt rwiwnges  rgwgin S 40
g g e rhr+ 20%Ig wir-glass eeee1hre 209 1§ w-glass+1%Ig q)
Carbon Monoxide éfj 30
SO2 <120 ppm 160 - S 10
CO <1450 ppm 1‘; S 10
HCN <140 m 100 & III III —_
NOXx < 350 . £e N 0
HCIX R ppm-— g« N 120ppm 1450 ppm 140 ppm 350 pmm 600 pmm 600 pmm 600 ppm
= pem ]
20 Il water glass treated samples
HBr < 600 ppm v A e | S02 co HCN  NOx HCL HBr HF
20 200 400 600 800 1000 1200 1400
HF < 600 ppm . o time (s) . W rbr+0%Ig ref M rbr+0%lg spray B rbr+0%Ilg wtr-glass rbr+0%lg w-glass+1%lg
st e o it mrbr+10%lg ref m rbr+10%lg spray Orbr+10%lg wtr-glass Orbr+10%lg w-glass+1%lg
W rbr+20%lg ref W rbr+20%lg spray O rbr+20%lg wtr-glass rbr+20%lg w-glass+1%lg
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Any questions?
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Thanks for listening
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