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Transition from Deep Bed to

Cake Filtration
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Digital Mapping of Substrate
Microstructure

Computational
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» Parameters:
e Aerodynamic diameter 100 nm
e Contact diameter 1um
e Particle time step 3x107"s

» Motion derived from flow field
» Brownian motion superimposed
®» Deposition upon impact

» Deposits exert Darcy resistance
» No regeneration, restructuring

Source: Mark Steward CLEERS
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» Deposition of

single particle
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Transition from Deep Bed to Cake
Filtration - Lattice Boltzmann Model

Substrate shown [n dark grey
Deposit density indicated by color
Ininal deep bed filtration
Transition 1o cake filtration

source, Mark Steward CLEER'S

Pressure Drop vs Time
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Validation of LB Models at the
Microscopic Scale

e Visual Comparison at Soot Cake / Substrate interface

e Comparison of Soot Deposition and Cake
characteristics as predicted by the LB Model

However, the challenge is to

1) Prepare DPF samples under precise conditions of flow,
temperature and particulate/cake characterization
consistent with LB model.

2) Ultilize techniques that are consistent with the
microscopic scale

Pacific Northwest National Laboratory
Batielle U.S. Department of Energy 7



Full Scale DPF Testing

Thickness of Particulate Layer
Deposited on Channel Wall of Trap

opserved by SEM , actured sufface of tral
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Limitations for Microscopic Studies
* Axial and radial flow distribution

» Temperature distribution . el
» Sample preparation s
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Single Channel Filter Assembly

Single channel objectives

» Validations of LB models

Soot cake structure

Oxidation versus cake structure
Particle Adhesion
Porosity/permeability .
Catalyst distribution vs performance

1-4inch Controlled flow rate
using mass flow
controller

F
k.

o Z o ==
2-112 SST tube
Heated

Temperature and sample probes
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Single Channel Filter
Vehicle Exhaust Assembly

Exhaust in

— = Exhaust out

Single Channel Configuration
replaces full DFF
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Single Channel DPF
Exhaust Assembly
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Single Channel Experiments

» Single channel cut from filter

» Outside surfaces loaded by drawing exhaust through the
single channel

Pacific Northwest National Laboratory
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Soot Cake Properties
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Soot Loading Curve
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Soot Loading Curve
Pe# ~ 4
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Deep Bed Filtration
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Transition from Deep Bed
to Soot Cake Filtration

Pores remaining open
(] ',h -

| 25 minutes
Pe# ~4
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Fully Developed Soot Cake
Filtration

Pores remaining open

55 minutes
Pe# ~4
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Microscopic Comparison
to Real Soot Deposits

Soot Deposits
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60 um

Battelle

Low voltage SEM Soot image
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Source ORNL HTML
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Load{mN) vs. Displacement (nm)
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Nano-indentation
Young’s Modulus and Hardness

Sample Comment

Most dense
Most dense
Most dense
Least dense
Least dense
Least dense

W wwkrkr Pk PEr O oo

Cordierite Sub.
Cordierite Sub.
Cordierite Sub.

E (Mpa) H (Mpa)

141 2.43
4.7 1.65
92.8 0.95
11.8 0.95
11.0 0.84
10.5 0.79
8.05 0.68
8.31 0.77
8.21 0.76
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Load (mN) vs. Displacement (nm) Sample #2
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Fresh

Sample

500 1000 1500 2000
cm-1

An increase in the ratio of the “G” (graphite) band
to the “D” (disorder) band indicates more long
range order

Sample 2 experienced temperatures ~ 20 C
higher than samples 1 and 3 for a period of an
hour which may explain the higher G/D ratio.

Batielle

1an spectroscopy long-range order
(graphitization) in soot

Comment G/D
Most dense 1.06
Most dense 1.08
Middle dense 1.31
Least dense 1.14

Source ORNL HTML
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USAXS Results
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USAXS Absorption Results
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USAXS Results
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USAXS Results versus
LB model Prediction
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Single Channel Experiments
Wall Flow =1 liter! minute [Pe# ~4)
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B Model versus Experimental Results

Total Pressure drop [KPa] vs Time [min]
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Oxidation Kinetics

Infrared Camera Analysis
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Infra Analysis of Soot Oxidation
of Full Brick

Variations in radial and axial soot deposition makes it difficult to
support LB modeling of oxidation reactions

Pacific Northwest National Laboratory

Batelle U.S. Department of Energy



Infrared Camera Analysis
Single Channel Filter Assembly

Adapter plate or Gate Valve
Optical window (2.g., CakF2)

Furge gas inlst \ High intensity light

_ A

2-172 SST tube ’/‘

Heated

Single channel objectives

» Oxidation versus cake structure

» Particle Adhesion
 Porosity/permeability

» Catalyst distribution vs performance
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ptical Access and Soot Coated Channel
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Infrared and Video Camera Setup
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Single Channel Oxidation Kinetics

5 /.' Fiv" 4 FA, 4 ,—‘_ﬂ,‘-"
/ /
Opbcal camira Infra-Ied camera
Window adapter High intensity
{with N2 purge) ar IR Transparent light source
G e \indow Monitor CO2, NOx
RRRRSSE.. and Temperature
= T
Gas Supply
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Conclusions

®» Single channel filter technique has the ability to validate the
LB model.

» Deep bed filtration of single channels may not be uniform.

» USAXS, Raman, and Nano indentation techniques provide
Insight into the changes in soot cake characteristics.

» Optical techniques in conjunction with USAXS, Raman and
Nano-indentation can be used to understand the effect
different regeneration strategies soot regeneration.

Pacific Northwest National Laboratory
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