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Durability of Three-Way-Catalyst-Particles Membrane Filter for Fluid-Dynamic Shear Stress
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Suteerapongpun Terrapat Katunori Hanamura

Durability of a three-way-catalyst particles membrane filter was investigated experimentally. After manufacturing of the

membrane filter similar to trapping of soot, a working-gas flow was changed from a wall flow type to a straight flow type to

make a constant shear stress on the surface of the membrane. Then, by integrating the fitting curve of peeling rate obtained

from the experimental points from zero to infinite time, the total peeling percentage was calculated.
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heat-shrinkage film opened by a soldering iron
Fig. 1 Miniature-sized GPF with a wall flow structure by a heat

shrinkage film plug
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Fig. 2 Three-Way-Catalyst particle deposition setup

Fig. 3 Agglomerated TWC-particle

Table 1 Three-way-catalyst particle deposition conditions

Flow rate 0.325 LPM
Superficial velocity 5.4 mm/s
Space velocity (SV) 19600 /h
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Fig. 4 Program of sintering for the maximum temperature of 700°C,
800°C and 900°C and retention time of 4 hours
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(c)

Fig. 5 Samples before deposition (a), after surface pore deposition

and the first sintering (b) and after cake layer deposition and the

second sintering (c)
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L7-. 72388, Z DRERR TRRITIBUTENGHE 7 1 L A F5E8T e
S5, HERE LIz TNC K FEOERIL, ZOREREKZ )
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Fig. 6 Sample for peeling rate experiment
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Fig. 7 Pressure drop increase during TWC-particles deposition on a

sample for a visualization experiment
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Fig. 8 SEM image of the conventional GPF cross-sectional area

around surface pore without TWC-particle

Fig. 9 SEM image of TWC-particles deposition around bridge

formation completion

Fig. 10 SEM image of TWC-particles deposition during surface pore

accumulation

Fig. 11 SEM image of TWC-particles deposition around the

completion of surface pore accumulation
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Table 2 Weight of TWC particles peeled off with elapsed time

Elapsed time [min] Sample Weight of particles
weight [g] peeled off [g]

initial 1.09731

10 1.09711 0.00020

40 1.09670 0.00061

100 1.09638 0.00093

160 1.09617 0.00114
1600 1.09612 0.00119

Table 3 Peeling rate with time

Time interval [min] Peeling rate [%/min]
0~ 10(5 0.05562
10 ~ 40 (25) 0.03801
40 ~ 100 (70) 0.01483
100 ~ 160 (130) 0.00973
160 ~ 1600 (880) 0.00010

BEERMTSHRIE  Vol.54,No.3,May 2023.
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Fig. 12 Peeling rate with elapsed time
Table 4 Initial and final pressure drop of each sample
(Surface pore deposition)

0.06 — . ——
Sample Initial Final Sintering
number pressure drop pressure temperature

[Pa] drop [Pa] ['C]

0.05 Sample(D 6 46 900

Sample®@) 6 46 900

® 800C, 4h Sample®) 8 48 800

0.04 Sample@ 8 48 800
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Time[s] ST TWC KL A 7 L OFIFERD 2. 69% (Sample B) 32

Fig. 13 Pressure drop increase during TWC-particle deposition up to

surface pore accumulation completion

VN 1.23% (Sample @) TH DD LT, HEE 900°CIlZ XL
DRERR LTz A > 7 L DOFIBERDS 4. 20% (Sample D) B2V
1% 4.49% (Sample @) & @m<L 72> TWA.
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Fig. 14 Peeling rate of TWC-particle membrane

(Surface pore deposition)

Table 5 Peeling percentage of each sample

(Surface pore deposition)

Sample number Measured peeling Total peeling
percentage [%] percentage [%]
Sample@ 3.99 4.20
Sample®@) 4.46 4.49
Sample@ 247 2.69
Sample@ 1.03 1.23

—
(=]

Average velocity: 7.1m/s
Average velocity: 9.4m/s

Total peeling percentage [%]
S = N W b LN 0 O

600 700 800 900 1000
Sintereing temprature [°C]

Fig. 15 Total peeling percentage with sintering temperature

(Surface pore deposition)
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Fig. 16 Pressure drop increase during TWC-particle up to cake layer
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Table 6 Initial and final pressure drop of each sample

(Cake layer deposition)

Table 7 Peeling percentage of each sample

(Cake layer deposition)

Sample Initial Final pressure Sintering
number pressure drop drop [Pa] temperature
[Pa] [C]
Sample® 6 86 900
Sample® 6 86 900
Sample(® 8 88 800

B 17 120E, 2O —FBHERI TWC R A 7 L B
HIFERE ORFE{LZRT. A ML — b7 —F ¥ R LND
FOBITEEID 2 (500 9. 4m/s & Uiz, RIRHCHREBIK CRi &
ND7 4T 4 THRL IR OREIN TN D, EHIEEH
FEFRIHAN AR, F72R & o2z L 150 4341
IFER LSBT LR RoTWA. T o v T 1 v 7 iR ER
43 LTS b AL 5 BERRISFETRG I DO RIFEE 2R 7 12, BRI
ZREN & U7 R A2 X 18 \RT. I —FBHERE TWC A 7
L AZEWTIL, IBENEWVIE EREERDMEL 2o TV D, 5
BLIZ LK DI TWC RiT-D 47. 1% % S5 DT IV F DA T Ain
BRI 900°CTHD Z &b AT LU BNOREG IR
<722 LEIREZ, JERE AW TIP3, FEE DR 72> 72 TWC L
T —XBORBIHFIZOHMERL, A7 L BNEICIE
1F & A BRI U272 TWC B+ & GPF JEbT oot s
ERICIIRE RS MER Lo te 2 &, & 512 2 [BIHDBE
BRI R D HEENONEIS DB SNz Z LR ERBEZ bR
5.

0.05
Average velocity: 9.4m/s
0.04
®, 900°C, 4h
£ ®,900°C, 4h
£0.03 ’ ’
=,
L
S @, 900°C, 4h
g
§ 0.02
Ay
0.01
- ~‘ﬁtting
0.00 =
0 50 100 150 200 250
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Fig. 17 Peeling rate of TWC-particle membrane
(Cake layer deposition)

Sample number Measured peeling Total peeling
percentage [%] percentage [%]
Sample@ 1.03 1.30
Sample@ 0.23 0.31
Sample@ 1.02 1.42
10

Average velocity: 9.4m/s

~ o

Total peeling percentage [%]
S = N W b LU &N 9 © O

e o~
S~ o - o - 7
700 800 900 1000

Sintereing temprature [°C]

Fig. 18 Total peeling percentage with sintering temperature
(Cake layer deposition)
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