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Goals and Agenda

Goals

» Share the different application areas of
the Pyrolise technology and identify the
roadblocks and key success factors for
the deployment of this technology
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Agenda

Animated by : Ramon Muirillo (CSIC) & Jennifer Shaw-Taberlet (AXELERA)

> Introduction and transitions and objectives (3’)
Ramon

> Pyrolysis overview (20’)
Ramon and Alberto



1. Introduction
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/ Linear economy model: after use = throw away
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\Wautelet T. MBA dissertation. eufom Bussines School, 2018.
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2. Chemical recycling
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"Building blocks":

chemical compounds
with potential to be
used to elaborate new
products
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https://www.energy.gov/science/bes/articles/bringing-
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Solvolysis
Gasification
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3. Chemical recycling by pyrolysis

- A brief of hystory:

Charcoal is probably the first synthetic
material manufactured by the process of
pyrolysis, in the Bronze Age, 2000 BC.
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Pyrolysis is the process used for the
production of charcoal
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4. Potential feedstocks for pyrolysis

Biomass waste
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. v Chemical products: Fertilizers,
i Levoglucosan, Cosmetics...

v Alimentary industry
v" Fuel (Boilers)

v Drop-in fuel (Biorefinery)

v Activated Carbon
v" Soil Amendment

v" Charcoal

Support the energy requirements

(biomass drying...)



4. Potential feedstocks for pyrolysis

Plastic waste
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Chemical formula

Chemical structure
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Kim E, Choi WZ, (2019). J

Mater Cycles Waste 21, 176-180

Elemental analysis (wt.%)

1

crude oill
chemical industry

Proximate analysis (wt.%)

Feedstock
C H (0] S

PS 86-93 7-9 0-6 0-2 <0.1 > 97 0-0.3 0-2 39-42
HDPE 83-87 13-15 --- 0-1 <0.1 >86 0-13 0-2 46-50
LDPE 83-87 13-15 --- 0-1 <0.1 >94 0-1 0-0.6 46-47
PP 85-87 12-15 0-1 0-0.2 <0.5 >95 0-2 0-9 46-47
PET 60-70 2-5 0-1 20-30 <0.1 > 86 0-14 0-0.2 20-25
WT 75-85 6-10 0-2 1-5 1-2 60-70  25-35 3-20 30-40

Al-Salem et al., (2017). J Environ. Manage. 197, 177-198,
\Anuar Sharuddin et al., (2016). Energ. Convers. Manage. 115, 308-326.
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4. Potential feedstocks for pyrolysis

2 BLACK
* CYCLE
Others?
Waste Qils
Foam

Electronic residues

Petroleum residues

Plastic Medical Devices and Pharmaceutical Packaging
(masks...)

o Algae

o Municipal solid waste

®

®

OOOOO\

- BLACK CYCLE is a project funded by the European Commission - Project Number : 869625




4. About the importance of end-life-tires (ELT)

CYCLE

Move

Because it shows serious environmental disposal and
generation challenges, and because has embedded
important raw materials susceptible to be recovered

e R
Some facts:

 More than 1700 M of ELT are generated
annually worldwide.

 Forecast to 2022: 2500 M

« EU27 + Norway + Swiss + Turkey = 4 M t/year

« EEUU — =4 Mt/year

Martinez (2021). Renew. Sust. Energ. Rev. 144, 111032

k https://www.european-rubber-journal.com/news/potential-game-changer-end-life-tire-market /
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4. Pyrolysis of end-life-tires (ELT)

% CYCLE

D Waslfe tire
4 ) Natural rubber,  particle
The pyrolysis of ELT can be regarded as a Sinthetyc rubber .
separation process (chemical recycling): AT org anic and
/ inorganic fillers
In the absence of oxygen and through /
temperatures above 500 °C, it is possible /
to release the volatile matter from the
carbonaceous matrix (fixed carbon)
N / ~ ~35%:
- Carbon black

\Vlartinez etal. (2013). Renew. Sust. Energ. Rev. 23, 179-213
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5. Some characteristics of the products

Move to the green revolution

TPO -> Tire Pyrolysis Oil

An interesting hydrocarbon but complex: HHV = 40-43 MJ/kg; MW, = 420 g/mol (aprox.); C; - Cs:

(" Structure:
HC pure (75%), HC-S1 (14%).

Tri-aromatics (26%), tetra-aromatics
(13%) and penta-aromatics (22 and
30%). HC with S1 - dibenzothiophene
(31%) and benzonaphthothiophene

L (34%).

-

C (wt.%)

H (wt.%)

N (wt.%)

S (wt.%)

O (wt.%)

H/C
API gravity
IPB (2C) ASTM D86

T50 (2C) ASTM D7500
T90 (2C) ASTM D7500

i (2C) ASTM D7500

86.6
10.5
1.3
0.69
0.78
1.46
29.7
69.0
253.9
433.6
550.9

N

Atoms (%)
8

10

o

J

- BLACK CYCLE is a project funded by the European Commission - Project Number : 869625

Compound families from NMR

m Carbon = Hydrogen

Aromatics Olefinics Napththenics

\Campuzano et al. (2020). Energ Fuel. 34, 12688-12702

Paraffinics

J
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5. Some characteristics of the products
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Raw rCB - Raw recovered carbon black

4 N f
7 Standard Terminology Relating to
il Recovered Carbon Black (rCB)’

ASTM INTERNATIONAL

- D8178-13 J Primary particles
( )
raw rCB, n—solid material resulting from thermal decompo-

sition of rubber goods which contain carbon black; exhibit-

ing poor dispersion so requiring milling to become rCB.
& J

~

Raw rCB vs. vCB - PSD, structure very heterogeneous.
Differences in the chemistry surface, and in the area surface.

recovered carbon black (rCB), n—solid product recovered
via thermal decomposition from rubber goods which contain

carbon black, which is free of wire and fabric. and when

milled typically gives semi-reinforcing properties in rubber.

J

Martinez et al. (2020). In: Tyre Waste and Recycling, Elsevier Inc., 630p (chapter 9.2)
KCardona-Uribe et al. (2021). Sustain. Mater. Technol 28, e00287. j

- BLACK CYCLE is a project funded by the European Commission - Project Number : 869625 14



6. Potential applications

Raw recovered
carbon black
(Raw rCB)

- —
Tire
pyrolysis _
oil y O3
(TPO) _ Value-added products
s _ Petroleum refinery feedstock (BTEX, limonene)
-

Activated carbon Solid fuel Substitute for virgin CB
g
p
Tire | i « For pyrolysis
pyrolysis m - Syngas, chemicals
gas ey » Thermal applications
(TPG) * Power generation
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7. Potential reactors

Pyrolysis reactors

Pneumatic bed

B 4
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Tvres i Tyres Tyres l Gaseous
l o Gaseous l G 3 products l e
(:l %_l :J:Iul:ﬂ (:I..r—\ Ga'; lTires Gascot:; ] — (:-l._%\
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Move to the green revolution

‘Thank you!

Ramoén Murillo
Instituto de Carboquimica (ICB)
Grupo de Investigaciones Medioambientales (GIM)
Consejo Superior de Investigaciones Cientificas (CSIC)
ramon.murillo@csic.es
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MEDIOAMBIENTALES ptt-1 o |
M INSTITUTO DE =
ONSEID SURPERICK DE INVESTIGACIONES CIENTIFICAS

CARBOQUIMICA =
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Subgroup time
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Objectives of the subgroups, logistics and expected
deliverables

4 working groups, 1 facilitator/group

» Why pyrolysis is not yet so present in the market?

» What are the feedstock that interrest you in pyrolysis?

» Start with post-it to open the discussion

> Feedback working groups (5min/groups) - Facilitator/groups

» Conclusion

n BLACK CYCLE is a project funded by the European Commission - Project Number : 869625 19
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Together To Make The Circular Economy A Reality



