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UK Outlook
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Transport in the UK makes up a significant proportion of all energy demand, of this a
high proportion is sourced from petroleum.
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Catalytic pyrolysis
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Problem:

1. High use of fossil fuels associated with environmental damage
2. Waste plastics and Biomass waste (380Mt Plastics made in 2015)
3. Need to find replacements fuels and chemical feedstock

Solution:

Can waste materials and biomass be used to produce fuels and chemical feedstock?

Catalytic pyrolysis:

Pyrolysis
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Biomass — Structure
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Plastic
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5 Different plastics used

&y PET - Polyethylene Terephthalate
& HDPE — High Density Polyethylene

% LDPE — Low Density Polyethylene
&y PP — Polypropylene
&y PS — Polystyrene
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Effects of Oxygen in Fuel
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Oxygen in the pyrolysis material will likely be reflected in the
pyrolysis oils leading to unhelpful properties in fuels.

* Acidic

e Unstable

* Low energy density
* High water content

e High viscosity

e Low vapour pressure
* (Corrosive



Composition
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Content Basis Units Biomass HDPE LDPE PET PP PS
Moisture a.r. wt% 7.8 0.0 0.0 0.0 0.0 0.0
Ash dry wt% 0.3 4.1 0.3 42.7 0.8 1.6
Volatile daf wt% 93.3 98.1 100.0 94.6 100.0 100.0
Fixed Carbon daf wit% 6.7 1.9 0.0 5.4 0.0 0.0
GCV dry MJkg-1 19.6 47.5 51.2 16.4 46.2 47.5
Elemental

C daf wt% 50.1 82.5 83.3 69.0 81.0 87.8

H daf wt% 5.4 13.1 12.6 5.0 11.4 9.5

@) daf wt% 48.6 1.8 0.7 32.7 0.6 0.0

N daf wt% 0.1 0.1 0.1 0.0 0.1 0.0




Reactor set-up
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Nitrogen
¢

e Thermocouple

Furnace

Biomass/Plastic

Catalyst
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Thermocouple

Condenser
System
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Bag

Sample: Biomass / plastic
Heat rate: 10°C/min
Temp of Reactor: 500°C
Runtime: 80-90 mins

Catalyst: ZSM-5



Analysis
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Gas analysis:

3 GC units

- Carbon dioxide

- Hydrocarbons (Methane, Ethane, Propane etc)
- Permanent gases (N,, H,, O,, CO)

Qil analysis:
Water analysis
- Karl-Fischer titration

Qil analysis
- GC-MS



Analysis
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Peak height

Use GC-MS to analyse the oils collected
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Naphthalene
2-methylnaphthalene
2-Ethylnaphthalene
2,6-dimethylnaphthalene
1,4 dimethylnaphthalene
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Pyrene
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Analysis
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1) Biomass



Biomass
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Biomass
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b) Low Oxygenates c) High C;-C,,
zsvs2 [ ZSM-5 2 97.23 ||}
zsvs 1 [ Z5M-5 1 9751
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
W Oxygenated Non-oxygenated bOC5-C12 m>C13

mH2 mCH4 Cc2 C3 C4

da k]

ZSM-51 ZSM-52 Sand 1 Sand 2

wt.%
&

Catalyst type



Analysis
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2) Metal catalysts



Metal Cat
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Metal Cat
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Analysis
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3) Polymers
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Polymer
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Polymer
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Analysis

UNIVERSITY OF LEED

4) Co-pyrolysis
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50:50 mix
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50:50 mix
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Conclusion v
UNIVERSITY OF LEED
1) Biomass
- Oxygenated

- ZSM-5 Catalysts improves oxygenation but not yield

2) Metal catalysts

-Mostly better yields — Co, Cu, Ga, most promising catalysts

3) Polymers
-High oil yield, low oxygenates but lower C.-C,, proportion
4) Co-pyrolysis

- PS improved yields to Biomass but less than PS. Much lower
oxygenation than a mixture, but lower proportion of C.-C,,



Thank you very much

* Any Questions?



