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a b s t r a c t

Combustion temperatures of particulate matter of Diesel automobile engines under lean conditions in
laboratory experiments depend on a number of parameters: e.g. model gas composition and flow rate,
catalyst composition and micro structure, soot/catalyst ratio as well as model soot type (composition,
particle size and size distribution) and contact type. Especially the last two factors are often underesti-
ean conditions
atalyst-soot contact

mated. In the literature most commonly Printex U and loose or tight contact are used. Here we report
on the effect of these two parameters by varying the soot used and contact type and with nano-scaled
ceria as catalyst due to its known Oxygen Storage Capacity (OSC). Apart from investigating the influence
of these factors our second main objective was to find a preparation technique for the soot-catalyst con-
tact, which fulfills the criteria of high reproducibility, high comparability to real conditions and facile
automation. The last criterion is the basis for its use in high-throughput techniques (HTT) for parallelized

on stu
discovery and optimizati

. Introduction

Quite early it was recognized that the addition of catalyst
aterials to soot has an effect on the combustion temperatures.

hree major problems are related to this process: (1) the catalyst
aterial itself, (2) the soot type used and (3) the contact between

oot and the catalyst.
Since real soot collected from Diesel engines under real con-

itions has an irreproducible composition strongly dependent
n engine parameters, model soots are used for these investi-
ations, and in most reports Printex U carbon black (PU) from
vonik–Degussa is used. Since the topic of catalytic soot com-
ustion is very intensely discussed in literature, we focus in this

ntroduction on ceria as catalyst.
In 1996, Neeft et al. found that the intensity of contact between

oot and catalyst is one of the major parameters that determine
he soot oxidation rate (tight or loose contact) [1]. Various oxides
ave been tested in this study by TGA/DSC and heat flux maxima
re given. Ceria was tested only in tight contact with 21% O2 with a
max ≈ 567 ◦C (taken from Fig. 3). Tight contact was also used in the

hermogravimetric investigations by Lamonier et al. They prepared
eria and ceria-zirconia solid solutions by (co-)precipitation with
mmonia and observed combustion of N330 soot with 20% O2 in
2-step process with a first maximum in DTG at about 340 ◦C [2].

∗ Corresponding author. Tel.: +49 681 302 64119.
E-mail address: k.stoewe@mx.uni-saarland.de (K. Stöwe).

920-5861/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.cattod.2010.03.070
dies of new combustion catalysts.
© 2010 Elsevier B.V. All rights reserved.

Apart from combustion temperatures also often other parameters
are evaluated as for instance the activation energy for the com-
bustion process by Dernaika and Uner. In their study they used
a self-made soot and observed by TGA with 20% O2 values of T5,
Tmax, T99 of 480, 570, and 650 ◦C, respectively, without specifying
the soot-catalyst contact mode [3].

Bueno-Lopez et al. [4] and Setiabudi et al. [5] used a TAP (tempo-
ral analysis of products) reactor to study the mechanism of the soot
combustion with and without the influence of NO2 using labelled
oxygen. Apart from lattice oxygen (OSC) of ceria, they propose the
presence of surface superoxide species O2

− generated from NO2 as
being responsible for the low combustion temperatures of this and
similar compounds.

Instead of TGA/DTA/DSC investigations often the relative CO2
concentration from TPO (temperature programmed oxidation)
studies are reported that were measured for instance by gas chro-
matography (GC). Aneggi et al. give in several papers the results
of studies with 6% O2 in tight contact mode not specifying the
soot type used. It is shown that ceria (also doped with tran-
sition metals (Zr and Fe) and rare earth elements (La, Pr, Sm,
Tb)) results in active catalysts with enhanced textural properties
and peak-top temperatures in tight-contact as low as Tm = 387 ◦C
[6–8].
The physico-chemical properties of ceria and rare earth mod-
ified ceria (with La, Pr, Sm, Y) catalysts are also studied and
correlated with the soot oxidation activity with O2 and O2 + NO
by Krishna et al. [9] Their results based on TGA data with Printex
U soot in tight and loose contact in 20% O2 resulted in T50 values

http://www.sciencedirect.com/science/journal/09205861
http://www.elsevier.com/locate/cattod
mailto:k.stoewe@mx.uni-saarland.de
dx.doi.org/10.1016/j.cattod.2010.03.070
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ot lower than 400 ◦C (no details given). Later they extended their
nvestigations on other dopants [10–12].

Not precipitation or nitrate decomposition, but water in oil
W/O) emulsions were used by Mełecka et al. to produce nano-sized
4–5 nm) CeO2 and CeLnOx mixed oxides with narrow size distri-
ution. With PU soot in tight contact in 20% O2 they get according
o TGA results a T50 = 507 ◦C [13]. The high initial activity according
o FT-IR measurements was due to the synergetic effect of nitrate
roups present in the highly disordered surface of nano-crystalline
n2O3, which enhanced the reductivity of nano-crystalline CeO2.
n example for the precipitation preparation method is the report
f Atribak et al., who give a T50 = 575 ◦C for PU soot in loose contact
n 5% O2 [14]. Others use the solution combustion method (SCS)
sing urea for synthesis and observe in TPO measurements with
real Diesel soot (18.75% HC) in either loose or tight contact (not

pecified) with 20% O2 a Tmax = 405 ◦C [15,16].
A large step towards the understanding of the soot combustion

rocess was given by Simonsen et al. [17]. From a time-lapsed envi-
onmental transmission electron microscopy (ETEM) image series
f soot particles (Printex U) in contact with CeO2, or with Al2O3 as an
nert reference, mechanistic and kinetic insights into catalytic and
on-catalytic oxidation mechanisms were obtained. The results

ndicated that the catalytic soot oxidation mechanism involves the
eaction of centres at the soot-CeO2 interface and that the interface
eaction kinetic properties were in good agreement with previous
acroscopic measurements.
With the soot MA7 of Mitsubishi Corp., tight contact mode and

0% O2 Machida et al. observed from TGA data a light-off (igni-
ion) temperature of Ti = 347 ◦C [18]. ESR measurements showed
hat the presence of O2 in the gas phase is resulting in O2

− ions at
he surface of ceria. Such reactive oxygen species were less abun-
ant on CeO2–ZrO2 and were not detected on ZrO2 and Pr6O11.
hey emphasize that not only the OSC is a crucial parameter in soot
ombustion, but also the spill-over behaviour of the corresponding
xide.

Also high-throughput (HT) methods are in the process of being
eveloped and used for the evaluation of Diesel soot oxidation
atalysts. The optimal experimental conditions (soot amount, cat-
lyst/soot ratio, type of contact, composition and flow rate of gas
eactants) ensuring a reliable and reproducible detection of light-
ff temperatures in a 16 parallel channel reactor were evaluated.
sing ceria HSA from Rhodia with a surface area of 325 m2/g, real
iesel engine soot and a flow rate of 40 mL/min TPO measure-
ents resulted in light-off (ignition) temperatures of Ti = 310 ◦C for

ight and Ti = 370 ◦C for loose contact in 50% O2 and Ti = 335 ◦C for
ight contact in 10% O2. From an HT screening of a large diverse
ibrary (over 100 mixed oxides catalysts) under optimized condi-
ions, about 10 new formulations were found to perform better
han commercial ceria and perovskite reference materials [19].

All in all we can summarize that the conditions to test for soot
ombustion are rather widespread: the oxygen content in the test
asses vary between 5% and 50%, the gas flow rates are commonly

ot specified, the gas composition may include promoting nitro-
en oxides or not, as soot most commonly PU is used, but also
ther types, the contact is exclusively loose or tight, often even not
pecified, and type of data evaluation differs distinctively, ranging
rom initial temperatures Ti to maximum temperatures Tm deter-

able 1
oot type specifications and characterization data.

Soot type Particle size by supplier SBET [m2/g]

FS >7% fullerene 241.7
P90 ca. 15 nm 296.0
PU ca. 30 nm 109.9

* Determined by BJH method.
oday 159 (2011) 100–107 101

mined by various methods ranging from thermoanalytical to gas
chromatographical methods. In conclusion all these data are very
difficult to compare.

2. Experimental procedures

As catalysts several VP AdNanoCeria 50 samples supplied by
Evonik-Degussa with different particle sizes and BET-surfaces were
used. In detail these were VP AdNanoCeria 50 with lot no. PH36703
and SBET = 22 m2/g, lot no. PH36701 and SBET = 60 m2/g, and lot no.
PH36702 and SBET = 90 m2/g. These have been prepared by flame
spray pyrolysis. As carbon source three different species of soot
were used: fullerene soot (Aldrich) with >7% fullerenes, Printex U
soot (Evonik–Degussa) and Printex 90 soot (Evonik–Degussa). They
were used as supplied.

For all tested soot-catalyst contact modes the soot/catalyst ratio
was fixed to 1:4. The loose contact was prepared by mixing man-
ually 1 g CeO2 and 250 mg of soot in a 20 ml snap–cap jar with a
spatula for 1 min until a homogeneous mixture of ceria and soot
was received. For the tight contact 1 g CeO2 and 250 mg of soot was
manually pestled in an agate mortar until a homogeneous mixture
was obtained. To obtain pressure contact, about 100 mg of the loose
contact mixture was pressed in a hydraulic press with 5 t load and
the pellet formed was subsequently crushed to a powder in an agate
mortar. The new wet contact was created by stirring 1 g CeO2 and
250 mg of soot in 15 ml of organic solvent such as acetone with
350 rpm of a magnetic stirring bar for 6 h. Additionally the stir-
ring time was varied within 30 min steps. At the beginning of the
stirring period both, soot and ceria, tend to separate, but with stir-
ring time these differences vanish and a uniform suspension forms.
Consequently, the achieved contact is also depending on the stir-
ring time, the distinct reproducibility of the wet contact being also
due to fixed experimental conditions without any influences due
to operating personnel as for tight and loose contact modes. Sub-
sequently the solvent was removed by overnight drying at T = 40 ◦C
in a laboratory-type drying cabinet.

The TGA/DSC-measurements were performed with an auto-
mated TGA analyzer MettlerToledo TGA/DSC1 with a 32-fold
autosampler. The gas flow of 50 mL/min 8% oxygen in nitrogen was
adjusted by mass flow controllers (MFC). Also the promoting effect
of NO addition was tested, but is not reported here. The sample was
heated from 25 to 700 ◦C with a heating rate of 2 ◦C/min. To charac-
terize the soot combustion the T50 values of the thermogravimetric
curves after buoyancy corrections were used. The T50 value is the
temperature where 50% of the determined mass loss has occurred.
As starting point for the mass loss a temperature of 150 ◦C was
selected to exclude the mass loss of adsorbed water on the catalyst
surface. The end point was 700 ◦C.

Nitrogen physisorption measurements were performed on a
Carlo Erba Sorptomatic 1990 at a temperature of −196 ◦C. All
samples were outgassed for 2 h under vacuum at 200 ◦C before
adsorption. The powder X-ray diffraction (XRD) patterns were

obtained with a Huber G670 Guinier camera with CuK�1-radiation
(� = 1.54056 Å) and Rietveld refinements of the diffraction pattern
were performed with the program TOPAS [20,21]. Because crystal-
lite size is a quantity, which cannot be measured directly, so-called
column heights are given. These are volume weighted averages and

rmax [nm]* rmed [nm]* Vpores [cm3/g]*

1.32 6.49 0.1152
1.67 5.19 0.2681
1.51 4.62 0.1883
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Table 2
Powder XRD data and Rietveld refinement results of VP AdNanoCeria 50 with dif-
ferent BET surface areas.

VP AdNano Ceria 50 with
nominal surface area [m2/g]

Lattice parameter [Å] Lorentzian-type
crystallite size
broadening L [nm]
02 L. Hensgen, K. Stöwe / Cata

re only identical with the crystallite size for h 0 0 reflections and
ubic crystals. Any crystallite size term can only be used tenta-
ively, to obtain the true crystallite size the true mean shape of
he crystallites must be known. Here, a FWHM based measure for
he crystallite size assuming purely Lorentzian-type crystallite size
roadening is specified.

. Results and discussion

.1. Soot and catalyst characterization

In this preliminary investigation several fundamental prob-
ems should be addressed: which model soot and which artificial,
aboratory-generated contact type is the most appropriate one for

odelling the actual contact situation in soot combustion of real
iesel particle filters (DPF) and can be applied and studied by HT
ethods.
Diesel soot particulate matter consists of amorphous carbon,

n which hydrocarbons (HC) are adsorbed, frequently termed as
oluble organic fraction (SOF) including polycyclic aromatic hydro-
arbons (PAH and nitro-PAH), but also sulfates, water and trace
lements such as Zn, P, Ca, Fe Si, Cr. The exact particulate matter
PM) composition depends on engine operating parameters, such
s load, number of revolutions, operating temperature. Especially
he SOF fraction is strongly dependent on cylinder temperature.

herefore the collection of reproducible soot qualities is difficult
r even impossible to realize. Thus, usually carbon blacks are used
s model soot. These consist of pure elemental carbon and are dis-
imilar to soot in that sense that they have a significantly smaller

ig. 1. Thermal weight loss of the starting materials a) full range curves b) detail of
art a) (TGA-measurements 8% O2 in N2; 25–700 ◦C with 2 ◦C/min).
22 5.4080(2) 68(1)
60 5.4116(3) 26.7(2)
90 5.4036(4) 19.1(2)

PAH content (e.g. Printex U from Evonik–Degussa contains less than
0.3% HC extractable with toluene). Fino et al. showed that carbon
blacks have higher combustion temperatures than amorphous car-
bon and both higher combustion temperatures than Diesel PM, so
carbons blacks can be regarded as a pessimistic estimate for soot
combustion temperatures [22]. HRTEM investigations of Diesel soot
PM by Schlögl and co-workers revealed that also the particle size
depends on operating conditions. An Euro 4 engine and a “black
smoker”, i.e. a D2876 CR engine at 30% load, artificially adjusted for
high soot emission by air throttling and reducing rail pressure with
blackening number 5, produced soot with average particle diame-
ters of 13 and 35 nm, respectively. Additionally the soot collected
with an Euro 4 engine showed in TEM images a high fraction of
fullerene-like structures [23]. This observation together with the
average particle sizes led us to select the following three model
soot for the subsequent experiments: the FS soot because of its high

fullerene content of more than 7%, the Printex 90 soot because of
its particle size just in the range specified for an Euro 4 engine and
the Printex U soot as reference. Table 1 gives BET measurement
results of the three model soot. According to these data the sur-

Fig. 2. Reproducibility measurements a) fullerene soot with loose contact; b)
fullerene soot with wet contact (8% O2 in N2; 25–700 ◦C with 2 ◦C/min).
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Table 3
Reproducibility and homogeneity of the different contacts.

Contact Loose Wet

T50/rep. 1 443 ◦C 357 ◦C
T50/rep. 2 416 ◦C 354 ◦C
T50/rep. 3 476 ◦C 364 ◦C
T50/rep. 4 432 ◦C 357 ◦C
T50/rep. 5 426 ◦C 357 ◦C
Mean value 439 ◦C 358 ◦C
Standard deviation �(T50) 23.1 ◦C 3.7 ◦C

Mass loss rep. 1 −21.3% −21.9%
Mass loss rep. 2 −20.5% −23.7%
Mass loss rep. 3 −23.5% −22.3%
Mass loss rep. 4 −23.7% −22.2%
Mass loss rep. 5 −21.4% −22.2%
Mean value −22.1% −2.5%

F
2

L. Hensgen, K. Stöwe / Cata

ace area of the Printex U soot is the lowest one, lying just above
BET = 100 m2/g. The other two soot types have surface areas well
bove SBET = 200 m2/g (241.7 and 296.0 m2/g) with the P90 soot
evealing the smallest particles and accordingly the highest surface
rea.

The ceria supplied by Evonik–Degussa is not a commercial but a
esearch product produced by flame spray pyrolysis with different
urface areas: 22, 60 and 90 m2/g. These data have been verified
or one of these powders, revealing for VP AdNanoCeria 50 a sur-
ace area of 63 m2/g. Additionally powder X-ray diffraction pattern
ave been accumulated resulting in data given in Table 2. As a
easure for the crystallite size here Lorentzian-type crystallite size

roadening from Rietveld refinements with TOPAS were specified.
s expected, increasing surface area and decreasing crystallite size
roceed parallel and at the highest surface area the crystallite size
f the ceria and the particle size of the P90 soot (and probably also
he FS soot) are comparable, so that an intimate mixture of the two
an be expected. As TEM images revealed, the primary particles
f the VP AdNanoCeria 50 are agglomerated to larger secondary
ggregates (see Section 3.3).

The starting materials (fullerene soot, Printex U soot, Printex 90
oot and VP AdNanoCeria50 with SBET = 60 m2/g) have been ana-
yzed with TGA/DSC, using a heating rate of 2 ◦C/min from 25 to
00 ◦C with 8% O2 in N2. This gas mixture was chosen because the

xygen level of 8% is a typical concentration in the exhaust of a com-
on Diesel vehicle at full load [24,25]. Furthermore other gases are

ot used (such as NO, propane and CO), because they can have a
educing effect on the materials. Fig. 1a shows the thermal weight
oss of the different soot types and the VP AdNanoCeria 50. Apart

ig. 3. Thermogravimetric measurement with the same contact and different soot types
5–700 ◦C with 2 ◦C/min).
Standard deviation �(T50) 1.4% 0.7%

from desorption of water CeO2 did not show any remarkable mass
loss. The lowest T50 temperature of the three model soot had the FS
soot with 561 ◦C, followed by the Printex U soot with 593 ◦C and at
least the Printex 90 soot with 636 ◦C. In Fig. 1b the y-axis is spread
and the region around the initial weight at the beginning of the

measurement is depicted. It reveals that the fullerene soot after
the desorption of water in contrast to the other soot types shows a
mass increase, which is reproducible and which we associate with
the inclusion of gas species within the fullerene molecules of this
type of soot.

a) loose contact; b) wet contact; c) tight contact; d) pressure contact (8% O2 in N2;
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.2. Contact type evaluations

In the literature there are three contact modes known: loose
26], pressure [27] and tight contact [28]. To compare different
atalysts in HT experiments it is very important, that a contact
as a high reproducibility concerning the T50 values and a high
omogeneity. The problem of the tight contact is that the T50 tem-

eratures are much lower than in commercial DPF [22] and the
arallelization of this contact is only possible in combination with
ery high costs. The T50 temperatures of the loose and the pressure
ontact are similar to the temperatures in the real DPF systems,
ut the problem of these contacts is that no automation is pos-

ig. 4. Thermogravimetric measurement with one soot and different contacts a)
ullerene soot contact; b) Printex U soot; c) Printex 90 soot (8% O2 in N2; 25–700 ◦C
ith 2 ◦C/min).
oday 159 (2011) 100–107

sible. In a typical HT workflow with iterations of a number of
operations, as for instance synthesis and characterization, a manual
step will be the rate determining one. To check the reproducibil-
ity and the homogeneity of the loose contact, five samples have
been prepared by the same method and measured under identi-
cal conditions (see Fig. 2a). The T50 values and the percentaged
buoyancy corrected mass loss have been compared (Table 3). With
a standard deviation of �(T50) = 23.1 ◦C the reproducibility of the
loose contact is poor. To reach a better reproducibility a new con-
tact mode had to be developed. This new contact was created by
stirring the soot with the catalyst in acetone for 6 h. With this new

wet contact a better reproducibility (Fig. 2b), with a �(T50) of only
3.7 ◦C could be reached. Also the homogeneity of the sample in the
wet contact is better than in the loose contact (Table 3). Another
advantage of the new wet contact is that it is more suitable for par-

Fig. 5. Thermogravimetric and differential scanning calorimetric measurements of
a wet contact mode mixture of P90 soot and ceria. a) VP AdNanoCeria 50 with
SBET = 60 m2/g; b) VP AdNanoCeria 50 with SBET = 22 m2/g; c) VP AdNanoCeria 50
with SBET = 90 m2/g (8% O2 in N2; 25–700 ◦C with 2 ◦C/min).
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llelization than the other classic (loose, tight and pressure) contact
odes.
To check the influence of the soot types on the contact mode, the

hree different types of soot (fullerene soot (FS), Printex U (PU) and

ig. 6. Transmission electron microscopy (TEM) images of soot-catalyst mixtures prepa
feathery” contact between VP AdNanoCeria 50 with SBET = 22 m2/g cubic crystals and soot;
dNanoCeria 50 with SBET = 60 m2/g and soot; e) overview VP AdNanoCeria 50 with SBET =
nd soot.
oday 159 (2011) 100–107 105
Printex 90 (P90)) were measured in combination with the four dif-
ferent contact modes. In each contact mode (loose, tight, wet and
pressure) the T50 values of the FS were lower than those for the
PU and the P90 soot. Note that the P90 soot had always the high-

red by the wet contact method. a) Overview AdNanoCeria with SBET = 22 m2/g; b)
c) overview VP AdNanoCeria 50 with SBET = 60 m2/g; d) detail of contact between VP

90 m2/g; f) detail of “deep” contact between VP AdNanoCeria 50 with SBET = 90 m2/g
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Table 4
Influence of different solvents on the double peak effect of the wet contact mode.

Solvent Double peak structure T50 [◦C]

Acetone Strong 433
Pentane Strong 496
Isopropanol Middle 513
Hexane Middle 519
Methanol Middle 521
Ethanol Middle 522
Isooctane Middle 539
Toluene Weak 540
Tetrahydrofuran Weak 544
Benzene Weak 550
Acetonitrile Weak 552
06 L. Hensgen, K. Stöwe / Cata

st T50 values. These measurements demonstrate that this order of
ombustibility is independent from the contact mode (see Fig. 3).

But as shown in Fig. 4, the soot combustion temperatures in
heir absolute form are strongly dependent on the contact mode.
or the three classic contact modes exists a fixed order concerning
he T50 value: tight < loose < pressure. The new created wet contact
as not a fixed position within this order. While with PU soot on
P AdNanoCeria 50 the wet contact is between the tight and the

oose contact, with P90 and FS the T50 value is even lower than in
ase of the tight contact. In view of the standard deviations of the
haracteristic temperatures all in all wet and tight contact show
imilar T50 values, but the former being more reproducible.

.3. Double peak structure evaluations

Another interesting point of the new wet contact is the appear-
nce of a double peak structure with the P90 soot in the DSC curve
ith varying peak areas depending on the surface area of ceria.
ith the standard VP AdNano Ceria 50 (with SBET = 60 m2/g) two

eaks, having a similar peak area, can be observed (see Fig. 5a). If
he surface area decreases to SBET = 22 m2/g (Fig. 5b) the first peak
early disappears, while the second peak increases. On the con-
rary a surface area of SBET = 90 m2/g causes a peak area decrease
f the second peak and an increase of the first peak (as shown in
ig. 5c). Such behaviour is also indicated for the two other con-
act types, loose and tight contact mode, in the thermogravimetric
urves as seen for instance in Fig. 3b: this means that differentia-
ion in contact is latently present in all contact types, but the wet
ontact amplifies these differences significantly.

This observation can easily be explained by TEM images. In the
ase of a SBET = 22 m2/g surface area, large areas with agglomerated
oot particles can be detected, while there is little direct contact
f the catalyst particles with the soot (Fig. 6a). Fig. 6b shows the
ery “feathery” contact between ceria and soot. On the contrary
P AdNanoCeria 50 with SBET = 60 m2/g shows less areas of soot-
oot interaction (Fig. 6c), while the amount of soot with a direct
ontact to the ceria catalyst increases. This intimate intermixture
f soot and ceria shows that the contact between soot and VP
dNanoCeria 50 is better (Fig. 6d). With the VP AdNanoCeria 50

SBET = 90 m2/g), almost no areas of purely soot-soot interaction can
e detected (Fig. 6e), because most of the soot is in the “deep”
ontact mode (Fig. 6f). Thus the soot combusts at very low tem-
eratures. Especially in the pressure contact such a separation of

nteractions occurs too, explaining that despite the higher pressure
ompared to the tight contact the combustion temperatures of the
ressure contact are often higher than those of the tight contact.
ue to the high pressure applied the soot particles agglomerate,
ecause the interaction forces are quite different to those of ionic
ompounds as ceria.

Comparing the TGA/DSC-curves and the TEM images, the
ouble-peak structure can be explained if one assumes that the
rst peak describes the amount of soot, which is in the deep con-
act and the second peak describes the amount of soot, which is in
he feathery or no contact.

.4. Influence of the solvent on wet contact mode

To check, if there is any influence of the solvent on the
haracteristic temperatures and peak areas of the double peak
tructure, different solvents have been screened. VP AdNanoCeria
0 (SBET = 60 m2/g) and P90 soot were used for these tests. After

emoval of the solvent by drying the samples were tested on soot
ombustion by TGA. In the temperature range up to 150 ◦C no sig-
ificant differences of the thermogravimetric data compared to the
ight and loose contact mode samples have been obtained indicat-
ng that the samples have been solvent free (see Fig. 4). The largest
Chloroform No 569
Ethyl acetate No 579
Water No 588

influence on the double peak areas had pentane and acetone, the
smallest influence was detected in the case of water, where no
mixture between soot and ceria was seen (see Table 4). Another
interesting point of these different solvents is that also the T50 val-
ues of the wet contact strongly depend on the solvent used. Solvents
creating a weak or no double peak structure reveal a T50 value,
which is in the same range as that of the loose contact. Conse-
quently, the wet contact has the additional advantage compared to
tight and loose contact of being able to adjust the contact intensity
simply by using different solvents. Also the stirring speed and time
have effects on the combustion temperatures. As long as all these
parameters are fixed during a series of experiments the results are
highly reproducible.

4. Summary and outlook

The newly created wet contact mode has the advantage that it
reveals a higher homogeneity and a higher reproducibility com-
pared with the already established soot catalyst contact modes.
This is not only very useful in the screening of different catalysts on
activity in a high-throughput workflow, but represents an advan-
tage per se with the additional benefit of offering the possibility
for fine tuning by changing the solvent used and the stirring time.
Additional advantages are the possibility of facile automation and
the absence of influences due to operating personnel. The wet con-
tact has the property that in TGA measurements a double peak,
which depends on the surface area and the solvent, appears. This
is achieved because within the wet contact different modes of con-
tact can be further differentiated from TEM images, which we called
“feathery” and “deep” contact to separate them from other contact
modes as loose and tight contact. This different contact “arrange-
ments” are also latently present in other contact types as loose or
tight contact. With a well-selected solvent a T50 temperature can
be reached, which is in the same range as that in real DPF sys-
tems. In future work the dependency of other influences will be
investigated. We actually apply this new wet contact mode for the
discovery and optimization of new soot combustion catalysts. In
our HTE cycles a Chemspeed Accelerator SLT 106 with a solid dosing
unit (SDU) is used for soot dosage as well as wet contact realization.
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