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Background: Hydrogen and Microwaves [N=|inova
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The Paradox of hydrogen

« The demand for hydrogen is increasing dramatically — from 120 Mt (2020)
to a projected 530 Mt (2050) [1]

« 95% of H,is produced from fossil fuels
« Methane steam reforming — 5.5 kg CO,/kg H,

Microwave-assisted H, production

* Instantaneous and selective heating of catalyst make it ideal for hybrid
energy systems by being paired with intermittent renewable energy

Methane pyrolysis
CH, > 2H, +C Challenges?
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Previous attempts at methane pyrolysis N=[FnA
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High energy consumption and unideal catalysts LABORATORY
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Objectives

1. Synthesize FeAlOx catalyst using solution combustion method
« Simple, rapid, no pretreatment

« Characterization will enable the linking between material properties and MW
performance

Nanoscale
Fuel i metal oxides

Fuel-to-oxidizer ratio
Heating mode
Salt concentration

pH
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1. Synthesize Fe AlOx catalyst using solution combustion method
« Simple, rapid, no pretreatment
« Characterization will enable the linking between material properties and MW

performance
Heating
mode
Nanoscale 1:1-H
Fuel metal oxides
1:1-

Fuel-to-oxidizer ratio ; F
Heating mode 2:1-H
Salt concentration . _ , 2. 1_F
4 catalysts

synthesized
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Objectives N=

TL

2. Pair Fe AIOx catalysts with microwave energy in search for higher
hydrogen production and reduced energy consumption

 Evaluate based: Solid Carbon

° Sliding short
H2 produced Microwave :

. Energy expendiiure Energy

(Electric and

magnetic field)
Filter Cold trap

M—@=>H2
| |

: Heavy Light

h tars tars

Microwave reactor
setup
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Characterization: X-Ray diffraction N
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Did we synthesize FeAlIOx?

Intensity (a.u.)

Intensity (a.u.) Intensity (a.u.)

Intensity (a.u.)

1:1-H
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2:1-F
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e Confirmed formation of FeAlOx
catalysts.

* Showed how changing synthesis
parameters affected the
composition.
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Characterization: microwave properties N=|NATIONAL
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How well can FeAlOx absorb microwaves compared to other catalysts? LABORATORY
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e Silicon carbide is better than
FeAlOx at heating in a
microwave...

when only considering heating due
to the electric field
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Characterization: microwave properties N=|VAToNAL
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How well can FeAlOx absorb microwaves compared to other catalysts?

"Total" tanloss
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- Magnetic field loss

 When considering heating effects
from both the electric and
magnetic field of a microwave...

Some FeAlOx catalysts perform
notably better!
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Characterization: microwave properties N=|NATIONAL
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How well can FeAlOx absorb microwaves compared to other catalysts?
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Greater penetration depth enables the use
of larger reactors.
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Reaction temperature

600°C vs 500°C
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same energy
input!
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Reaction temperature N=[RenA
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600°C vs 500°C LABORATORY
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Comparison of FeAlOx variations N=|NATONAL
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Microwave vs. Conventional Furnace N=|VAToNAL
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. LABORATORY
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Post Characterization: X-Ray diffraction N=[MAnonAt
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Where did the carbon go?
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Conclusion and future work —|NATIONAL
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Conclusion

* Microwave energy and FeAlOx catalysts have enabled high D
conversion of CH, into H, with minimal CO, and energy completely
expenditure. g;i’;%is;t“z

 Microwave energy produced more H2 with less energy catalyst

properties!

compared to conventional furnace heating.

Future work
* Explore more synthesis parameters such as different fuels.

* Explore ways to regenerate catalysts for longer
performance.

* Explore scale-up of process past laboratory scale.
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Questions?

VISIT US AT:

@NETL_DOE

@NETL_DOE

@NationalEnergyTechnologylLaboratory

CONTACT:
Zachary Chanoi
zchanoi@miners.utep.edu
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