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* Plastic Waste

42 million metric tons
generated in the United
States each year with only 8%
being recycled (1)

/9 kt of plastic waste inhabits
the Pacific Ocean (2

Most commonly polyethylene
(plastic bags) and
polypropylene (bottle caps)

UV rays from the sun break
down visible plastic to small
microplastics
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Global hydrogen demand by sector in the
 Hydrogen Energy Sustainable Development Scenario, 2019-2070 ©)

- Heat of combustion three times 500
greater than natural gas

- Microwave technology can
significantly reduce the energy
loss associated with
conventional heating 200
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Methodology

« Microwave Co-Gasification
- Selective heating
- Saves more energy than
conventional gasification
- Synergistic effects

* |ron-Based Catalysts

Fe, O, used as microwave

active catalyst

- Highly abundant

- Interact with the
electromagnetic field to
transfer heat
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Experimental setup: (a) microwave, (b) conventional, and (c) original
high-pressure microwave reactors used for the gasification testing.
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Methodology

 Reaction Mechanisms

- Plastic, alone, is microwave
inactive

- Biomass interacts with the
catalyst to raise internal heating

- Feedstock becomes
devolatilized due to initial
interactions with microwave
active material
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Reaction Data

« Conventional Heating
- Requires bulk temperatures
- External heating

* Results
- Similar output in syngas
yield between the two
conventional runs
- Excessive tar production
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* Microwave Heating Co-Gasification Run Composition
- Applies an electromagnetic 100%
field 90%
- Selective heating 80%
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o Results g
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Material composition after conventional and microwave reactions.
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Reaction Data

*  Microwave Heating
- Applies an electromagnetic
field

- Selective heating

» Results
- Significant improvement in
hydrogen production
efficiency
- Selective heating
manipulates order of
feedstock devolatilization
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« Conventional Hegﬁng CO-Gasification Gas Composition
- Requires bulk 100%
temperatures o

- External heating o

70%
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« Results
- Low hydrogen yield
- Excessive carbon dioxide
production
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Gas composition after conventional and microwave reactions.
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° MiCI’OWCIVG Hea’ring CO-Gasification Gas Composition
- Applies an electromagnetic o
field "

- Selective heating o

70%
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« Results
- Significantly improve
hydrogen yield percentage
- Maximizing energy output
with better methane
production
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Gas composition after conventional and microwave reactions.
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° MiCI’OWCIVG Hea’ring CO-Gasification Gas Composition
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Characterization

« X-Ray Diffraction
- Reduction of o—FeQO3

to metallic Fe
- ldentified active phases
- Reaction pathways:

(Boudouard reaction)
C+ C0,=2CO
(Water-Gas Shift)

H,0 + CO = H, + CO,
(Hematite Reduction)
Fe,0;—-Fe;0,—~FeO—-Fe’

. DEPARTMENT OF

- INATIONAL
== |[ENERGY
T L TECHNOLOGY
LABORATORY
@ FeO
e o SNCRRTT WY, WINPT 1 U U S MW800 . G_FeO(OH)
35000 + Fe
MW550 AC
MLMQM‘M-W‘M‘w-WM\ML—_HIWL it . Fe O
304
200001 . CV900 % o-Fe,0,
i SR S | S " A TS A remgmrin P ~
25000
5
KA
220000
@ CV700
g A WLW - I AT S . e
=
15000 1
10000 1
50001 l Fresh
A S J.... J A e L_J‘_—AWL..MWMJLW*
20 25 30 35 40 45 50 55 60 6 70 75 80 85 90
26 (degrees)
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Characterization

« X-Ray Diffraction
- Reduction of o—FeQO3

to metallic Fe
- ldentified active phases
- Reaction pathways:

(Boudouard reaction)
C+CO,=2CO
(Water-Gas Shift)

H,0 + CO = H, + CO,
(Hematite Reduction)

Fe,0;—-Fe;0,—~FeO—-Fe’
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« X-Ray Diffraction
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to metallic Fe
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 Discoveries

- Microwave heating at 800 °C produced 24 times more mmol of hydrogen per

kWh and 80 times more per gram of feedstock than the conventional run aft
200 °C:

i Ho/Oteedstock Produced in the NS USRI RE
3.9 MMO|iabyleFpNENReNgel(elelVleCloNighigEAMicrowave run af 800 °C

o Future Works

- Exploring additional characterization techniques for carbon analysis (Raman,
Thermogravimetric Analysis, Scanning Electron Microscopy)

- Assessing dielectric properties of Fe oxide at reaction temperatures
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