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Introduction

Particle collection mechanisms at the leading edge and in open channels of
honeycomb monoliths are usually neglected by engineers of these devices.
Under speci�c conditions however, these phenomena can makean
appreciable contribution to overall particle collection and deposits on
channel walls may a�ect catalyst performance. Deposit loading tests
conducted with a Diesel Particle Generator are used in this study to
highlight the di�erences in capture e�ciency and deposit evolution between
bare and catalytic 
ow-through monoliths. A recently developed diesel
particle collection model is extended to take into account the di�usion of
active gaseous species in the deposit layer and their reaction with soot.

Experimental testing

I In previous work at the University of Cambridge, long-term loadings of

ow-through monoliths were carried out using prototype andcommercial
versions of a Diesel Particle Generator (DPG) [1].

Varied parameters
Monolith
design

cell density, wall thickness, length, coating

Operating
condition

particle size, loading rate and duration, 
ow rate

I Measurements included
particle emissions,
monolith pressure drop,
deposit mass (edge,
channel distribution).

I Confocal laser
microscopy images were
used to study the
deposit micro-structure.

Mathematical modelling

Interception at
leading edge

Coupled di�usion-interception
inside channel

I PM collection model[2]
. 1-d axial discretization &

multiple particle classes
. Local collection e�ciency

as a function of particle
size & deposit buildup in
dendrite form

I Loose-contact catalytic soot
oxidation
. Oxygen spillover as

described in [3]
. Calculation of activated

oxygen (O*) concentration
pro�le

Substrate

Washcoat

O* production
O* di�usion

Soot oxidation
O* convection

x

[O*]

Bare monolith results

I Measured parameters as a function
of time
. Cumulative collection e�ciency
. Pressure drop
. Deposit distribution

I All trends are predicted with
su�cient accuracy
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Figure:Deposit distribution compiled from a
series of 5 tests for the 600 cpsi monolith
loaded on the prototype DPG.
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E�ect of catalytic coating

I Very good prediction of both pressure drop and loading evolution
I Insigni�cant e�ect of coating on collection e�ciency at clean state (=2.7%)
I Cumulative PM collection e�ciency after 6h = 3.4% (vs 5.1% for bare)
I 58% of deposit collected in channel is oxidized according tothe model

. loose contact mechanism (insigni�cant oxidation withNO 2)
I No oxidation of deposit collected at the leading edge

 0

 5

 10

 15

 20

 25

 0  1  2  3  4  5  6

P
re

ss
ur

e 
dr

op
 [m

ba
r]

Time [h]

600 cpsi, coated/com. DPG
600 cpsi, bare/com. DPG

 0

 0.5

 1

 1.5

 2

 2.5

 3

 3.5

 4

 0  1  2  3  4  5  6

D
ep

os
it 

lo
ad

in
g 

[g
]

Time [h]

Edge
Channel

 0

 0.5

 1

 1.5

 2

 2.5

 3

 3.5

 4

 0  1  2  3  4  5  6

D
ep

os
it 

lo
ad

in
g 

[g
]

Time [h]

Edge
Channel

Coated with
Pt � Pd =Al 2O3

Bare

Commercial DPG
20% O2, 4ppm NO x
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Outlook and conclusions

I The e�ect of coating on PM collection in 
ow-through monoliths was
studied experimentally and theoretically using a specially developed model

I 87% less mass is collected in the channel as a result of lower collection
e�ciency and catalytic oxidation of soot

I The buildup of deposit at the leading edge is not a�ected by coating
I Signi�cant initial backpressure penalty but minimal increase during loading
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