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Investigating novel catalyst material
combinations and understanding surface
chemistry phenomena to guide experimentalists
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Process Scale Reactor Modeling

Determining optimal
optimal operating
conditions for maximum
yield and enabling scale-up

* Goal of this work: Use reactor scale multiphase
computational fluid dynamics simulations of
catalytic upgrading of biomass pyrolysis vapor to
provide:

- Detailed hydrodynamics, RTD, heat transfer and chemistry
- Model validation using experimental data

- Gas and catalyst residence time distributions for use in
reduced-order reactor models

- Avalidated computational tool to support reactor
experimentation, design, and optimization

* Models use the NETL MFiX Software Suite
- MFiX — Multiphase Flow with interphase eXchanges

- CFD software for reacting, multiphase flow developed
and supported by NETL

- MFiX-TFM, MFiX-DEM, MFiX-PIC, MFiX-Hybrid, MFiX-

GUI

Open-Source, available to the public

U.S. DEPARTMENT OF

ENERGY




==INATIONAL
TCPDU R-cubed Reactor N=er
TL LABORATORY
TCPDU Process Computational Domain

R-cubed riser Geometry
—

~

Riser/Pyrolyzer

* Riser: Height: 7.05 m, diameter: 0.092 m
* Outlet diameter: 0.038 m

» Solids inlet diameter: 0.049 m

. PyronS|s vapor inlet dlameter 0.047 m
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Validation of heat transfer
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Residence Time Distribution Simulation in the R-cubed Riser

Inlet configuration

Outlet configuration

Solid species: catalyst + solid
tracer

Gas species: pyrolysis vapor
+ N, + gas tracer

Solid species: catalyst + solid trace

Gas species: N, Carrier Gas Inlet Flow

N
Gas species: N,

as species: pyrolysis vapor
+ N, + gas tracer

¥
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Tracer injection for non-
reacting flow RTD

Continuous tracer injections
start at 40s of elapsed time into
the simulation

Gas tracers are given the same
properties as process gas and

carrier gas

The solid tracer is given the
same properties as the catalyst
A volume fraction of 5% was
used for each tracer

The tracer outlet concentration
is monitored at the top exit
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* Solid mean residence time slightly increase with the solid circulation rate, and decrease with process gas flow rate.

* (Gas mean residence time keep almost unchanged.
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'NREL VPU Kinetic Model
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* Kinetics from NREL experiments anfl mesoscale modeling‘

® C(Catalyst three sites: fresh,
intermediate and deactivated sites

® Pyrolysis vapor converts to:
Hydrocarbon, FP&N and coke

® Intrinsic kinetics coupled with inter
and outer mass transfer limitations
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Time: 0.0 s e T=500 degree C
 P=132 kPa
e process gas: 400SLM, 10%
biomass vapor, 90% N2
* Carrygas: 130 SLM, N2
* Solid circulation
rate=100lb/hr

1 ;
0 10 20 30 40 b
0.1
HC=2.59%, FPN=0.37%
PV HC PN COKE c -
go e 0029 0,005 0.036 5 001 ( e
0,075 0,021 . Eo 027 2 PV
= 2 E = = 0.001
- - E E FPN
=0.050 ~0.014 —0.0025 -0.018 N2
= E - = 0.0001
£0.025 £0.0071 Eo.oms 20.0091 J
- 0.00001 :
= Time,s
0.0 ~0.0

0.0 0.0

I )- 4 —m L l'lulll..ll I\Jﬂ'e Flow science Consonium for ComPUtational
©; (O | [ | gt~ Jicvesiuthontin eC PCErrite
(‘5) / ' “AMIFX S [ - cpcbiomass.org




[ ] [ ] [ ] [ ] [ ] — O
Reaction Simulation in the R-cubed Riser N=|[NTRNAL
| TL TECHNOLOGY
) LABORATORY
Time: 0.0's * T=500degreeC
e P=132 kPa

* process gas: 400SLM, 10%
biomass vapor, 90% N2
* Carrygas: 130 SLM, N2

e Solid circulation
rate=100lb/hr
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* MFiX simulations were performed to study flow hydrodynamics in the VPU riser and results

were compared with the NREL non-reacting flow experimental data.

* MFiX simulations were performed for study heat transfer in the VPU riser and results were

compared with the NREL non-reacting flow experimental data.

» Validated CFD model was applied to study the gas/solid RTDs under different operating

conditions.

* Reacting flow simulations was conducted with NREL newest VPU kinetics, validation against

experimental tests at NREL is undergoing.
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Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States Government.
Neither the United States Government nor any agency thereof, 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 trade 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.
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