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This project was funded by the United States Department of Energy, National Energy
Technology Laboratory, in part, through a site support contract. Neither the United States
Government nor any agency thereof, nor any of their employees, nor the support
contractor, nor any of their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by frade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or any
agency thereof.

U.S. DEPARTMENT OF




Authors and Contact Information N=|NAronac
TL TECHNOLOGY
LABORATORY

Anitha Shankara Linge Gowda'-2; Xinwei Bai'-2; Pranjali Muley'-2

'National Energy Technology Laboratory, 3610 Collins Ferry Road, Morgantown, WV 26505,
USA
2NETL Support Contractor, 3610 Collins Ferry Road, Morgantown, WV 26505, USA

U.S. DEPARTMENT OF




Outline N =[R2
T L TECHNOLOGY
LABORATORY

> Introduction
» Tar and its classification
> Tar analysis from different plastics
» Microwave Chemistry
> Reactor Setup
> Results
» Conventional Reactor vs. Microwave Reactor
» Performance
» Reaction Mechanism

> Conclusions
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Horvat, A., 2016. (Doctoral dissertation, University of Limerick).

Blockage
Corrosion in downstream filters, fuel lines, engine nozzle, and turbines

Bad odor

Poison catalyst
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Decrease in conversion efficiency
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> Class 1: GC undetectable

Z OH CHj
» Class 2: Heterocyclic aromatics < O/

CH3 CHs CHs,
» Class 3: Light Aromatic Q/ U

» Class 5: Heavy PAH compounds OCO O“b
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GC-MS spectra of LDPE tar and Ol
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Plastic tar
Plastic + biomasss tar

» Tar from plastic(LDPE) had mostly saturated

hydrocarbons

> Tar from plastic(LDPE) and biomass (corn

Relative Abundance

stover) mixture had mostly satured

hydrocarbons and few aromatics -
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Tar Mitigation Techniques

Physical methods Thermal decomposition
» Cyclone separators . . " :
> Taris heated to high temperature/addition of air
» Cooling/Wet scrubbing
or oxygen
» Granular Filters . :
» heavy aromatics cracked down to lighter once
» Electrostatic precipitation
» Oil Gas scrubbing

Catalytic conversion

» Use milder conditions
» Operates at same temperature as exit product gas temperature

» Trap particulate matter
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Challenges:

> Bulky

» High cost of heating
» Long preparation time
>

Energy intensive
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Advantage of microwaves in chemical reactions
as a heating source:

» Compact, modular design

» Enhanced reaction rates

Y

Increased energy efficiency

A\

Rapid start/stop operation

A\

Selective volume-based heating
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CO, Dry Reforming of Toluene Using Microwaves

> Enables low-tar solid fuel gasification
> Acts as after-process syngas cleanup

» Ufilizes CO, for the production of value-added chemicals

Toluene Dry Reforming

CHs

+ 7CO, 14CO  + 4H,

-

Ni/La/Ce-Fe-Al,O4
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Liquid Toluene from Syringe Pump, 0.025 mL/min
CO, (37 SCCM) + N, (463 SCCM)

> Catalyst: 10 wt.% Fe and 5wit% of
(Ni/La/Ce over AlL,O;)

Thermal Furnace, 250 °C

> Microwave absorber: SiC

Metal Coil Tube | Vaporized Toluene

Manual Is'll:ndehrlg Short Microwave Input
> Temperatures: 500 °C , , Rom Graemaior
Microwave Cavity [ ——
. OO0
> MW POWeEr. 200-350 W = Automatic E-H
» Tuners
Viewing Window
with an IR
Pyrometer (not
shown)

To Cold Trap and Analytical Instruments
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Toluene Conversion CO, Conversion
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» Toluene conversion rates were similar both under microwave and

conventional conditions

» CO, conversion rates were higher for MW reactions
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» Nickel doped catalyst produced higher syngas

» MW reactions produced higher gases compared to thermal reactions
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Instantaneous H, Production Rate
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> In Microwave, H, conversion was higher at the beginning

> In Conventional, H, conversion rate was lower at the beginning and stayed consistent
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TGA Analysis XRD Analysis
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> Weight loss between 400-650 °C mFe:0,  ey-AO,  xFe  ac

» Weight loss was higher for Microwave reaction . .
Microwave reaction promoted both

» Carbon was accumulating at higher temperature - amorphous and graphitic carbon formation

catalyst deactivation
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Results: Energy Efficiency Analysis

Energy Consumption Comparison

il

Catalyst/Heating mode H, Energy CO Energy

At 500 °C efficiency efficiency
(mmol/kWh) (mmol/kWh)

NiFe510-Microwave 844 367

NiFe510-Conventional

CeFe510-Microwave 465 166

CeFe510-Conventional

LaFe510-Microwave 518 299

LaFe510-Conventional
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» Formation of one-ring aromatics © )@ (S

> Formation of two-ring aromatics

» Formation of three-ring aromatics QOO
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HDM = Hydrodemethylation
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»Low-cost Fe-Al,O5 catalyst with a s

: : . + 7CO 14CO  + 4H
promoters Ni/Ce/La is a promising 2 2

catalyst for microwave-assisted CO, \j

. Ni/La/Ce-Fe-Al,O
dry reforming of Toluene. /tal 203

» The CO, dry reforming of Toluene can proceeds through hydrodemethylation, aromatics
hydrogenolysis, Boudouard reaction and Methane dry reforming

» Microwave irradiation not only provides selective heating, but also initiates electron polarization
which triggers certain reactions under mild conditions

U.S. DEPARTMENT OF




Acknowledgments N =|NATIONAL

ENERGY

TL TECHNOLOGY
LABORATORY

This work was performed in support of the U.S. Department of Energy’s (DOE) Fossil Energy
and Carbon Management’'s Gasification Program and executed through the Nationadl

Energy Technology Laboratory (NETL) Research & Innovation Center's Advanced Reaction
Systems Field Work Proposal.

Microwave Gasification Team
» Pranjali Muley — PI
« Ashraf Abedin
« Xinwei Bai
« Anitha Linge Gowda
« Heath Gregg
* Charles Henkel
« Duy Hien Mai
« Divakar Reddy

Dr. Jeffrey Seay
(University of Kenfucky)

.S. DEPARTMENT OF




NETL
RESOURCES

VISIT US AT:

@NETL_DOE

@NETL_DOE

@NationalEnergyTechnologylLaboratory

CONTACT:

Anitha Shankara Linge Gowda
Anitha.shankaralingegowda@netl.doe.gov

5. DEPARTMENT OF




	Default Section
	Slide 1: Microwave-Assisted Catalytic Conversion of Tar Using Iron Catalyst Doped with Ni/La/Ce
	Slide 2: Disclaimer
	Slide 3: Authors and Contact Information
	Slide 4: Outline
	Slide 5:  Background: Tars 
	Slide 6:  Biomass Tar Classification 
	Slide 7: Tar from Different Plastics 
	Slide 8: GC-MS Analysis of Plastic Tar 
	Slide 9: GC-MS Analysis of Plastic and Biomass Tar 
	Slide 10: Toluene as Tar model Compound
	Slide 11: Thermal Conversation of Tar to Syngas
	Slide 12: Microwave-Assisted Tar Reforming 
	Slide 13: Objectives
	Slide 14: Microwave Reactor Setup
	Slide 15: Effect of Catalyst on Toluene and CO2 Conversion
	Slide 16: Effect of Catalyst on Syngas Production
	Slide 17: Time on Stream Data for H2 Production-Catalytic Stability
	Slide 18:  Catalyst Characterization 

	Untitled Section
	Slide 19: Results: Energy Efficiency Analysis
	Slide 20: GC-MS Data of Condensates
	Slide 21: Proposed Reaction Mechanism
	Slide 22: Conclusion
	Slide 23: Acknowledgments
	Slide 24: NETL Resources


