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Spent tires: -
3.5 million tons (2018)

0.35% chemical recycling

57% reuse/recycling 35% energy recovery

How to manage spent tire Loss of resources, GHG Landfill, open

rubber products? emissions dumps,...
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Chemical Recycling by Pyrolysis
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Char upgrading

Activated Adsorbent
Pyrolysis char carbon Water and Flue gases Treatment

Upgrading/
Activation
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Waste Batteries and

Wastes of Electric and
Electronic Equipment
(WEEE)

Accumulators
(WBAs)
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Spent tire
rubber

Sample A
Light vehicles

Sample B
Heavy trucks

* Elemental analysis
 TGA

e Ash content

* Mineral content

EXPERIMENTAL
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PYROLYSIS
ASSAYS

Chars

A

e Sequential extraction: hexane = acetone = water

Char A (CA) and Char B (CB)

* Elemental analysis
e TGA

e Ash content

* Mineral content

Temperature — 405 °C
Reaction time — 30 min
Heating rate - 5°C/min

N, atmosphere * PHpc
e XRPD
* FTIR

e N2 adsorption isotherms at 77 K
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Influence of
initial pH

Adsorbent mass = 30 mg
pH=2-7

t=24h

Solution volume = 10 ml

Metal concentration = 100 mg/L

Adsorbent mass = 10 mg

pH =5 (Pb)and 2 (W)
t=5min-72h

Solution volume = 10 ml

Metal concentration = 100 mg/L

Results adjusted to pseudo-first and
pseudo-second order non-linear
kinetic models
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Adsorption
isotherms

Adsorbent mass = 10 mg

pH =5 (Pb) and 2 (W)

Solution volume = 10 ml

Equilibrium time =48 h

Metal concentration = 20 - 200 mg/L

Results adjusted to
Langmuir’s and Freundlich’s
non-linear equations
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C (%) H (%) N (%) S (%) Ashes (%)

PHyc
RubberA  79.20 7.07 0.40 1.64 m

||m
a7 om0 (251 (251 [TAXT] 74 ]
_l

CAH3PO4 6900 052 020 (042 238 30
CB-H3PO4 7016 048 024 | 044 213 28
 CACO2 7026 016 023 [ 290 273 85
BCO2 7626 014 029  \370 175 7.8
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ABET Vtotal Vmicro Vmeso

(m?/g) (cm?/g) (cm3?/g) (cm3/g)
0.13 0.01 0.12

_--
B 9 013 002 011
m1

cBH3PO4__ 42 ) 009 0004 009
(cA-c02 95 | 014 002 012
mm
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CA - Model s - model
CA-CO2 a -
............. CA-CO?2 - model -

............. CA-CO2 - model
30 40 50 60 70 30

............. CB-CO2 - model
40
time (h) J ime )

time (h)

o

_
(CAco2 688  0031) 0897( 278 0548 ) 0.937

(CB-CO2 936  0.013] 0603 286 0286 | 0776
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CB - Model
CB-CO2
CB-CO2 - Model

20 40 60 80 100 120 140 160

Langmuir

-_
52.8 12.4 60.5
(mg/g)(mg/L)" ----
n
(dimensionless) 74

CB

CB - Model
CB-CO2
CB-CO2 - Model

CA - Model
CA-CO2
CA-CO2 - model

60 80 100 120 140 0 20 40 60 80 100 120 140 160
C. (mg/L) C, (mg/L)

0.884 0.921
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Valorisation of spent tire rubber through pyrolysis and activation of the

obtained chars - viable alternative to obtain efficient adsorbents of critical
metallic elements.
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. % Valorisation of spent tire rubber as carbon adsorbents for Pb(ll)

and W(VI) recovery in the framework of a circular economy

THANK YOU
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