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CATAGEN.  Prpject Aims & Objectives

* Developing a greater understanding of catalyst deactivation and ageing.

« Compare catalyst performance before and after ageing.
« Concentrating on the effects of oxygen on catalyst ageing.

« Ability to predict a change in dispersion of precious metals applying the
Kinetic model.

« Algorithms will be further developed to aid prediction of catalyst ageing.

Three-way catalyst

HC, CO, NOx
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CATAGEN. (Catalyst Ageing

® Thermal Deactivation

® Washcoat sintering/Phase
changes

® Precious metal agglomeration

Washcoat Sintering

PM Agglomeration

® Poisoning
® Selective
® Fouling

® Mechanical

Fouling

Poisoned Sites
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CATAGEN.  Testing Apparatus
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Temperature control up to 1100°C

Flow rates up to 100 g/s

Industry standard emissions measurement

Transient flow conditions (0 - 50 g/s in 6 seconds)
Transient temperature conditions (0 - 800°C in 8 seconds)
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CATAGEN. Typical Characterisation Method - Light Off Test
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CATAGEN. Ageing Environment

e Standard Bench Cycle (SBC)
* Four distinct steps over 60 seconds

Stoichiometric — 40s

Rich —5s

Rich with air injection—10 s
Stoichiometric with air injection — 10s

Standard Bench Cycle

Stoich .
k=
& I !
E ~ !
. |
. ASF Ratio
Rich 1 |
- = = Air Inction I !
i ]
0 10 20 30 40 50 G0

Time (s)

|
L= ]

=}

Air Injection (%)

o.uk

catagen.c

co.uk

+44 (0) 28 90 455 100 info@catagen.



Temperature (C)
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SBC

Inlet Temperature Profiles

Catagen Aging - 8 Hour Segment
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CATAGEN. Effect of Oxygen on Catalyst Performance

beyond now

* 10 catalyst samples
* Range of different oxygen concentrations
 Aged up to the equivalent of 100,000 miles
* Controlled to 800°C average bed temperature
* Flow rate of 25 g/s

Average Oxygen

Concentration (%

Catalyst 0.5% 0.5 e Inli
Catalyst 0% 0
Catalyst 0.75% 0.75 Gac |-

Catalyst 1% 1 .
Catalyst 1.5% 15

Catalyst 5% 5 i
EIE WA P Al 0.5 (0-25k Miles) Lambda
Catalyst Fresh Fresh Sensor

Emissio
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CATAGEN. Results - Light-Off Curves

Full-scale light-off tests and results completed on the OMEGA reactor.
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CATAGEN. Results - Light-Off Temperatures

beyond now

Full-scale light-off differences throughout the ageing.
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CATAGEN. Analysis - Light-Off Temperatures

Measured LO Temps (°C)

Ageing Distance (Equivalent Miles

| Catalystsample 0 | 25,000 50,000 | 100,000
25 239 244 248
24 240 26 252
25 245 253 260
23 244 255 265

Catalyst 1.5% LO Temperature (°C) 219 245 257 268
Catalyst 5% LO Temperature (°C) 228 260 275 288
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CATAGEN. Analysis - Light-Off Temperatures

Measured LO Temps (°C)

Ageing Distance (Equivalent Miles
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CATAGEN. Analysis - Light-Off Temperatures

Cored light-off results, showing ageing throughout the catalyst brick.
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CATAGEN. Analysis - Change in Dispersion Throughout Ageing

beyond now

Catalvst S I Ageing Distance (Equivalent Miles 1
atalyst Sample
0 . ,

9 Cat 0.5%
Light-Off Temperature ( O 225 238 243 250 c:: 0.75%
Catalyst 0% S 0.8 Cat 1%
Normalised Dispersion (%) R0 0.44 0.38 0.31 D Cat1.6%
by . (]
Light-Off Temperature (°C) Y2 240 245 252 a 07 Cat 5%
Catalyst 0.5% a
Normalised Dispersion (%) |00 0.36 0.27 0.20 T 0.6
Light-Off Temperature (°C) 225 245 252 259 % 05
Catalyst 0. 75% £ Increase 02
Normalised Dispersion (% 1.00 0.33 0.22 0.18 S 04 _
nght -Off Temperature (°C) [PYE] 245 255 265 £ il
Catalyst 1% g 03
Normalised Dispersion (% 1.00 0.22 0.16 0.11 €
< 0.2 —
nght Off Temperature (°C) [¥10] 245 256 267 ©
Catalyst 1.5% 0.1 . —
Normalised Dispersion (% 1.00 0.20 0.11 0.09 —
0 1 1 1 J
Catalyst 5% nght -Off Temperature (°C) YA 260 276 290 0 25000 50000 75000 100000
Normalised Dispersion (%) 1.00 0.13 0.08 0.04 Distance (Equivalent Miles)

+44 (0) 28 90 455 100 info@catagen.co.uk catagen.co.uk



CATAGEN.  Conclusions

* Oxygen has a significant effect on degradation of catalyst performance and
efficiency.

* |t is not a linear relationship between an increase in oxygen and increase in
deactivation.

« More severe ageing during the initial stages of deactivation.

« Current ageing theory does not accurately correlate with varying oxygen
concentrations for palladium catalysts.

« Cored light-off tests concluded that the front of the catalysts were
experiencing more ageing.

* Oxygen also has a significant effect on the change in dispersion on the
catalyst.
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Thank you for your attention.
Questions?



