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Abstract

Non-noble metal materials based on CeO, and Mn,0; have been studied in

order to evaluate their potential as NOx-assisted soot oxidation catalysts. The final

objective is to find a cheap material as substitute for Pt catalyst, normally applied in

Continuously Regenerating Trapp (CRT), a commercial soot catalytic converter

system. The catalytic activities were tested in flow reactor equipment both for NO

oxidation and NOx-assisted soot oxidation. In testing the performance as NO

oxidation catalyst, the reactor was filled only with catalyst. The feed gas used were

700 ppm NO, 10% O, and Argon as gas balance. In the investigation of the activity as

NOx assisted soot oxidation catalyst the reactor was filled with soot bed placed

downstream of the catalyst bed. Similar experiments were carried out with

commercial Pt catalyst for comparison.

The catalysts were found to be significantly active in the oxidation of NO but

the activity was lower than that of the commercial Pt catalyst. Produced NO, reaches

thermodynamic equilibrium at 620 K and above. In NOx-assisted soot oxidation

experiment, NO,, generated in the first bed enters the soot bed in which NO»-soot

reaction takes place. Isothermal experiment at 625 K showed that the reaction rate is

comparable with that of Pt catalyst. This can be explained as follow. It is generally

accepted that, NOx-assisted soot oxidation rate is mainly influenced by the amount of

NO,. Since at 625 K, both with our catalyst and the commercial Pt catalyst, the
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amount of NO, has reached equilibrium, it is reasonable that the oxidation rates are

comparable. Therefore, the CeO,-Mn,O3 based catalyst is a potential Pt replacement

to be used in the CRT’s NOx-assisted soot oxidation catalyst.
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1. Introduction

Due to Environmental and health effects of diesel soot and the pressure to

comply with the emissions regulations, reduction of diesel soot emission has gained a

lot of attention. It is not surprising that efforts to reduce the emissions are ongoing and

remain a challenging topic. One of the reduction strategies is to employ a diesel after-

treatment system onto the exhaust. Soot trapping followed by oxidation with the
highly reactive NO, is an example and the basis of the so-called Continuously
Regenerating Trap (CRT) [1] and the TU Delft filter [2]. These filter systems contain
a platinum catalyst upstream of a soot trap. The main differences are as follows. In the
CRT system Pt is loaded on a flow-through monolith, while in the TU Delft filter Pt
catalyst is loaded on ceramic foam. In the CRT system the Pt coated flow-through

monolith functions only as NO, generator, no soot trapping or soot oxidation is aimed

for. In the TU Delft filter a Pt/ceramic foam catalyst is designed as a multifunctional

reactor that functions not only as NO, generator but also as soot filter; a specific

advantage is that NO, is used catalytically, viz. every NO» is used more than once. In

both systems NO, is generated that passes through the wall-flow monolith where it

reacts with the trapped soot.
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In an attempt to increase the oxidation rate with NO,, CeO, catalysts had been-«

evaluated in a CRT-like-bed-reactor where miniaturisation of the CRT was employed.

- In that study, a quartz reactor was filled with two separate beds, a soot bed placed

downstream of a Pt/alumina bed. The soot bed contains soot physically mixed with

CeO, catalyst in a so-called a ‘loose contact’ procedure. In that experiment, so-called

‘active_oxygen’ was proposed as active specie that accelerates the oxidation rate.

Recently, using labeled oxygen the creation of active oxygen was studied in an

advance TAP reactor [ ]. It was shown that at 400 C active oxygen isalse thought to

be responsible

-

In this presentpaper, a study to find an alternative to find a cheaper material as<

substitute for Pt catalyst, normally applied in Continuously Regenerating Trapp (CRT), a

commercial soot catalytic converter system is described. This include catalyst screening and

catalytic testing as NO oxidation and NOx-assisted soot oxidation.
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a. Materials

Ce02, Mn203 and CeO2-Mn203 catalysts were used in this study. The catalyst

were prepared by incipient wetness impregnation on 63 to 100 um y-alumina (AKZO

Nobel 003-1.5¢) from those nitrate precursors. Catalysts content and those specific

surface area are presented in Table 1. A Pt/alumina catalyst was obtained from

Engelhard Corp. USA. The BET specific surface area of the catalysts were measured

by Quantachrome Autosorb-6B. The model soot used is Printex-U. This model soot

was proven to be an appropriate model for the NO,-soot based reaction [11].

Table 1.
Catalyst Content Sger (m*/g)
Sample
CeO,/ALLO3 15% 111+3
Mn,05//AL,05 15% 103+2
CGOQ-MIIzO}/A]gOE 15% 100 +2
PtO,/ALO3

The powder diffraction pattern of the catalysts samples are shown in Figure 1.

The pattern shows that the sample contains only CeO, phase.
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Figure 1. Powder diffraction pattern of CeO, sample
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schematicly presented in Figure xx. The flow reactor equipment described in [11]

was used to examine the influence of CeO, in NO»-assisted soot oxidation. A quartz

reactor with 6 mm inner diameter was filled with two separate beds, a soot bed placed

downstream of a Pt/alumina bed. Quartz wool was used to separate the two beds. The




soot bed contains 20 mg soot physically mixed with 40 mg CeO, and 400 mg SiC in a

so-called a 'loose contact' procedure, while the Pt/alumina bed contains 40 mg 1%

Pt/alumina mixed with 400 mg SiC. In another reactor 20 mg soot was mixed with

400 mg SiC and placed downstream of the Pt catalyst bed. Several reference

experiments were also done for comparison. The samples were heated to 900 K at a

heating rate of 0.6 K/min. Unless otherwise stated, the gas composition used is 700

ppm NO + 10% O, with argon as balance gas. An NDIR and a NOx analyser are

placed downstream of the reactor to analyse the reaction product.

Table 1. Reactor bed configurations for catalyst activity of soot oxidation and NO
oxidation to NO,

Bed configurations Aspects to observe:

700ppm IIO+ 10%0;

1. NOy assisted soot oxidation rate without CeO,

Pt/alumina 2. NOy assisted soot oxidation rate with CeO,

3. Effect of CeO, down stream Pt catalyst on the

eI ale Ty
[~~~ Quartz wool

formation of NO»

1. Soot only

1. Catalytic activity of CeO,_in the formation of
l NO, without Pt catalyst

2. Oxidation rate of CeO,-soot

1. CCOQ
2. CeOy+soot

10% O,
Effect of NO, pre-treated CeO, on the oxidation
Lﬁﬁm rate of soot with O,

1. As made CeO,+ soot
2. NO; pre-treated
CeOy+soot
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3. Results

To determine catalyst reduction temperature and to get indications of

active catalyst, Temperature Programmed Reduction (TPR) analysis was

carried out to Mn, Co, and Ce Mn-Ce catalysts. The catalysts TPR profiles are

shown in Figure 3.3. Ce0O>-Mn,03 mixed oxide shows the lowest reduction
temperature, followed by Mny;O3, Co0,03, and CeO,. It was anticipated that

reduction temperature would be related to the activity

Co,0,

Ce0,-Mn,0,
CeO,

H, consumption (arb.)

400 600 800 1000

Temperature (K)

Figure 3.3 Temperature Programmed reduction of the prepared catalyst with

Xx_ml/min flowing H2, temperature programmed of aa K/min

3. Catalysts Activity in NO oxidation to NO, and PM Oxidation

The activity of the prepared catalysts in the oxidation of NO to NO, is

shown in Figure 3.4. The solid curve (thermodynamic) shows the maximum

NO, concentration based on thermodynamic equilibrium calculation. It is

shown that the thermodynamic stability of NO» is a function of temperature at




gas phase equilibrium for 700 ppm NO and 10% O,. The curve indicates the

maximum NO, concentration that can be formed at the specified temperature.
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Figure 3.4 Catalyst activity in NO oxidation to NO, by Platinum catalyst and prepared
non-noble metal catalysts with 700 ppm NO and 10% O2, heating reate of 1.5 K/min.

The activity of Pt catalyst to NO oxidation can be observed already at

400 K, whereas, the activity of prepared catalysts is observed at 500 K and

above. Furthermore, compared to Pt catalyst, prepared catalyst has a very

low activity. Around 600 K, the activity of Mn,Os; catalyst reaches

thermodynamic equilibrium. CeO,-Mn,O3_requires a bit higher temperature.

The rest of the catalysts reach equilibrium at 700 K and above. However, at

the experimental conditions, thermodynamic equilibrium is reached by thermal

reaction at much higher temperature, above 850 K.

C. NO2 assisted soot oxidation by non-noble metal catalyst

To evaluate the potential of the catalyst as replacement for Pt catalyst

in the CRT system, experiments were carried out in a reactor in which




prepared catalysts were placed upstream of soot bed. For comparison,

experiment with Pt catalyst was also carried out for comparison. The results

are shown in Figure xx where soot oxidation rate is plotted as a function of

conversion. Apparently that the oxidations rates are comparable.
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Figure 3.7 Catalysts activity in soot oxidation, isothermal experiment at 620 K in
flowing 700 ppm NO and 10% O2. The catalysts and soot are placed in
separate beds

Instead of producing NO2, non noble metal catalyst can also have a

role to accelerate soot oxidation with NO2. This had been proven by CeO2

catalyst [ ]. To evaluate this role, soot oxidation rate of non-noble metal soot

mixture placed downstream of Pt catalyst were measured. The results are

shown in Figure 3.8. Onset figure emphasized different effect among the

catalysts. It can be seen that Mn203 and Mn203-CeO2 increase the

oxidation rate the most.




To confirm the effect, the same configuration was tested in isothermal

experiment. The results are shown in Figure 3.8. It is clearly shown that

Mn,O5; based catalysts increase the oxidation rate significantly.
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When non-noble metal catalysts were placed downstream of Pt catalyst, the

formation of NO2 is presented in Figure 3.5. It is clear that the present of non

noble metal catalyst downstream of Pt catalysts slightly increase the amount

of formed NO,. After NO2 concentration has reached thermodynamic

equilibrium all catalysts system result in the same amount of NO2

1000
750 ppm NO + 10% O,

mmmm Thermodynamic Eq.

Pt-only

Pt-(Ce0210%) Pt catalyst
-(Ce0215%) Catalyst

P(
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Figure 3.5 Formation of NO, with Pt catalysts and non-noble catalysts downstream
Pt catalyst configuration
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