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Abstract 
 

the impregnation method 

generated catalytic particles concentrated as large chunks (> 10 m), mainly at ceramic 

fiber crossings, whereas the spray method produced smaller catalytic particles (< 1 m) 

well distributed throughout the ceramic paper. Besides, 

 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65



 
 
Keywords 
 
Cobalt, Barium, Potassium; Cerium; catalytic ceramic paper; structured catalysts; diesel 
soot combustion; spray deposition. 
  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65



1. Introduction 

During the last decade fiber materials have gained in popularity for catalytic 

applications due to the benefits associated with the high surface to volume ratio and the 

high void fractions offered by these structures. Based on the preparation method the fibrous 

substrates can be fitted to various geometries. Also they exhibit lower costs and a better 

coatability compared to microchannel reactors. The variety of different fiber based catalyst 

supports is large and each type of support shows its own advantages, as a function of the 

chosen fiber material and manufacturing process [Reichelt et al. 2014]. An interesting 

possibility is to shape the fibers as papers that can be easily rolled-up inside cartridges that, 

for example, can be useful to develop catalytic filters for the abatement of diesel soot 

particles. The development of new and more efficient processes for the abatement of diesel 

contaminants has renewed its public concern since the classification by the World Health 

Organization of the soot particles as carcinogenic grade 1 and also since the recent 

Volkswagen scandal.    

Nowadays, commercialized filters consist of SiC monoliths with active elements on 

it [Quiles-Díaz et al. 2015; Aneggi et al. 2014; Liu et al. 2015; Tuler et al. 2015a]. As an 

alternative, our group proposed to use the mentioned ceramic papers as suitable materials to 

conform flexible structured catalysts and diesel filters [Tuler et al. 2014; Koga et al. 2008; 

Ishihara et al. 2010; Koga et al. 2006; Koga et al. 2008; Koga et al. 2009]. Ceramic papers 

present suitable mechanical properties to resist assays from a test bench in which they were 

placed inside a metal housing, at the exhaust pipe outlet of a Corsa 1.7 diesel vehicle [Tuler 

et al. 2014]. Optimal mechanical properties were obtained through the incorporation of a 

suspension of CeO2 nanoparticles as a binder (10 or 20 wt. % CeO2) during the 
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papermaking process. The passive regeneration of the filter however requires the addition 

of catalytic components [Piumetti et al. 2016].   

In this work we present a systematic study performed with the aim of preparing 

active and stable catalytic filters for the abatement of diesel soot particulates. These filters 

are prepared from ceramic fibers arranged under the form of papers discs using 

the papermaking process. These papers have been useful to trap soot particles from the 

exhausts of a real diesel engine [Tuler et al. 2014]. In order to continuously regenerate the 

filters, a catalytic phase must be firmly attached to the ceramic fibers and, at the same time, 

the catalytic particles should be highly dispersed throughout the paper and small enough to 

be catalytically efficient to burn the soot under working conditions. To this end, in this 

work we explore two methods for the incorporation of the catalytic particles: drip 

impregnation and spray deposition. The first method involves the impregnation by dripping 

a solution of precursor salts containing the desired catalytic components directly on the 

paper support, followed by calcination. The second one is inspired by the aerosol process 

[Tuler et al. 2015b], which is currently emerging as a powerful tool for the preparation of 

advanced materials, especially catalysts [Colbeau-Justin et al. 2014; Debecker et al. 2012; 

Debecker et al. 2014; Maksasithorn et al. 2015; Pega et al. 2009]. We chose two active 

formulations that have already proved to be active in previous works but having different 

catalytic properties: Co-Ba-K and Co-Ce [Tuler et al. 2015a and b]. The first formulation 

takes advantage of the redox capacity of cobalt oxide that is enhanced by the high 

availability of surface oxygen species of ceria. The second one also features the high 

oxidative potential of cobalt but additionally incorporates the capacity of Ba and K to form 

nitrate species which are known to be also active for soot oxidation [Zhang et al. 2018]. 

Also, K is known to allow increasing the soot-to-catalyst interaction. The prepared 
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structured catalysts were evaluated for soot combustion (temperature programmed 

oxidation TPO experiments) in terms of the activity characterized by the maximum 

combustion rate temperature, and stability during successive TPO runs. In order to correlate 

the catalytic measurements with physical chemistry properties, both fresh and used 

catalysts were characterized by TPR, XRD, SEM and FTIR. 

2. Experimental  
 
2.1. Ceramic paper preparation  

Tuler et al. 2014
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2.2. Drip impregnation 
 
Co-Ce-catalytic ceramic paper  

The incorporation of the catalytic ingredients by drip impregnation was carried out 

using a solution of Ce(NO3)3 and Co(NO3)2, which was prepared by dissolving the 

necessary amount of each precursor salt in the volume of water calculated to saturate the 

paper structure, so as to load 4 wt.% of Ce(NO3)3+Co(NO3)2 (weight ratio Ce:Co = 2.37:1). 

The impregnated ceramic paper discs were then dried at room temperature overnight and 

calcined in a furnace at 600 °C for 2 h. The catalysts were denoted as Co-Ce-I.  

Co-Ba-K-catalytic ceramic paper  

The incorporation of the catalytic ingredients by drip impregnation was carried out 

using a solution of Ba(CH3COO)2, KNO3 and Co(NO3)2 (weight ratio Ba:K:Co = 

1.33:0.58:1), which was prepared by dissolving the necessary amount of each precursor salt 

in the volume of water calculated to saturate the paper structure, so as to load 5 wt.% of 

catalyst (expressed as Co + Ba + K per gram of ceramic fiber). The impregnated ceramic 

paper discs were then dried at room temperature overnight and calcined in a furnace at 

600°C for 2 h. The catalysts were denoted as Co-Ba-K-I.  

 
2.3. Spray deposition 

Co-Ce-catalytic ceramic paper 

In the second case (Fig 1), a mixed solution of Ce(NO3)3 (0.622 g/l) and Co(NO3)2 

(0.556 g/l) was placed in an atomizer (6-Jet 9306A atomizer from TSI) and sprayed with an 

air pressure of 30 psi. The aerosol was partially dried by quickly passing through a tubular 
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furnace heated at 400°C (residence time of about 1 second) and then the particles were 

directly sprayed onto the ceramic papers. Any excess particles exiting across the paper were 

retained by an absolute filter. The spraying time (6-8 h) were adjusted in order to load 4 

wt.% Ce(NO3)3+Co(NO3)2 on the ceramic paper discs. The sprayed ceramic papers were 

then calcined in a furnace at 600°C for 2 h. The actual loading was verified by weighing. 

Catalytic papers are denoted as Co-Ce-S.  

Co-Ba-K-catalytic ceramic paper  

Similarly, as previously described, a mixed solution containing 0.056 g/ml 

Ba(CH3COO)2, 0.111 g/ml Co(NO3)2 and 0.034 g/ml KNO3 was placed in the atomizer (6-

Jet 9306A atomizer from TSI), the aerosol produced was passed through a tubular furnace 

set at 400°C and the particles were sprayed onto the ceramic paper discs. After 6 h of 

spraying, 4.4 wt.% of active species were loaded on the ceramic paper pieces. Finally, the 

sprayed ceramic discs were calcined at 600°C for 2 h. Thus obtained, catalytic papers were 

denoted as Co-Ba-K-S.  

 
2.4. Characterization 

 
Crystalline phases were determined with a Shimadzu XD-D1 instrument with 

monochromator using CuK  radiation at a scan rate of 2 °/min, from 2  = 15 ° to 80 °. The 

pieces of about 16 mm in diameter were supported in a special sample holder designed for 

the XRD analysis. The software package of the equipment was used for the phase 

identification from the X-ray diffractograms. 

Microscopic images were obtained with a SEM Jeol JSM-35C equipment was 

employed operated at 20 kV acceleration voltage. Samples were glued to the sample holder 

with Ag painting and then coated with a thin layer of Au in order to improve the images.  
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Fourier Transform Infrared Spectroscopy (FTIR) was used to identify the 

functional groups. Samples were prepared in the form of pressed wafers (ca. 1% 

sample in KBr). A Shimadzu IR Prestige-21 spectrometer was utilized to obtain the 

infrared spectra. All spectra involved the accumulation of 40 scans at 8 cm-1 

resolution. 

The elemental chemical analysis was performed by EDS using an energy dispersive 

instrument  Phenom model Word ProX (Netherlands)  operated at 15 kV of acceleration 

voltage, on several zones of the samples. Also, the mapping of bigger areas was carried out. 

Semi quantitative results were obtained with the theoretical quantitative method (SEMIQ), 

which does not require standards. 

Temperature-Programmed Reduction (TPR) was used to study the reducibility of 

the catalysts. The experiments were run on a Micromeritics Autochem II instrument with a 

TCD detector. The reducing gas flow was 5% H2 in Ar, heating the samples from room 

temperature to 1000°C at a heating rate of 10°C min-1. 

 
2.5. Soot combustion experiments (Temperature Programmed Oxidation) 
  

Soot particles were produced by burning a commercial diesel fuel (YPF, Argentina) 

in a glass vessel. After being collected from the vessel walls, the soot was dried in a stove 

at 120°C for 24 h. Soot particles were dispersed in n-hexane using an ultrasonic bath in 

order to obtain a homogeneous suspension of 600 ppm of diesel soot in n-hexane. The 

incorporation of soot particles to the ceramic paper pieces (1.6 cm in diameter discs) was 

carried out by adding the suspension dropwise until saturation, and then drying at room 

temperature. 
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The catalytic activity of the ceramic papers for the soot combustion was studied by 

Temperature Programmed Oxidation (TPO). For this purpose, the structured samples 

loaded with the soot were heated at 5°C/min from room temperature up to 600°C in O2 

(18%)+NO (0.1%) diluted in He (total flow 20 ml/min) in a flow equipment designed for 

this purpose. The exhaust gases were analyzed with a Shimadzu GC-2014 chromatograph 

(with TCD detector). In order to evaluate the stability of the systems, five successive cycles 

were performed, the first two up to 600°C and the following three up to 700°C. Between 

each cycle, the catalytic ceramic disc was removed from the set-up and soot was 

incorporated into the sample as previously described. After the five cycles, samples were 

characterized, and named as stated in 2.3, with an asterisk. 

 
 
3. Results and discussion 
 

In a previous work [Tuler et al. 2015b] we prepared catalytic ceramic paper by the 

spray method adding two catalytic components, cobalt and cerium. We demonstrated the 

efficiency of this method to homogeneously disperse small catalytic particles on ceramic 

fibers. The structured catalysts thus obtained burnt soot with a maximum in the TPO 

profiles at about 400°C. To further study this system, successive TPO runs were carried out 

to check catalytic stability. But also, and with the aim of enhancing catalytic activity, other 

components were added as catalytic ingredients: cobalt, barium and potassium, the last two 

aim at trapping NOx and favoring the soot-to-catalyst contact, respectively. A series of 

experiments in parallel was carried out adding the catalysts to the ceramic paper either by 

the spray method or using the more traditional impregnation one.   

3.1. Scanning Electron Microscopy and Energy Dispersive X-ray Spectroscopy 
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SEM images (Fig 1) show that ceramic paper is an open structure formed by a 

matrix of ceramic fiber, where catalytic particles appear distributed along the fibers. As 

previously seen [Tuler et al. 2015b], the sample prepared by the impregnation method 

containing cobalt and cerium, Co-Ce-I, exhibits catalytic particles concentrated as large 

chunks (> 10 m) heterogeneously distributed along the fibers, and deposited in the fiber 

crossings where the binder is mainly accumulated. (Fig 1a), whereas the spray method 

produced smaller catalytic particles (< 1 m, Fig 1b) well distributed throughout the 

ceramic paper (Co-Ce-S). No significant differences were observed in the case of Co-Ba-K-

containing ceramic paper, compared to Co-Ce ones. The traditional impregnation method 

(Fig 1 c and e) produces larger particles than the spray one (Fig 1 d and f).   

The catalytic component distribution was studied by EDS analysis (mapping). 

Figure 2 shows images obtained for impregnated and sprayed samples. Although as said 

before the distribution of particles is different in the catalytic papers obtained using both 

methods, in the case of Co-Ba-K samples (both Co-Ba-K-I and Co-Ba-K-S) catalytic 

components (Co, Ba and K) appear well distributed all along the structure covering the 

ceramic fibers and forming catalytic agglomerates, which is not the case of both Co-Ce 

samples (Co-Ce-I and Co-Ce-S), where ceramic fibers appear to be mainly uncovered, and 

only the catalytic chunks are clearly observed. The better coverage in the samples 

containing K is most probably due from the formation of potassium salts and oxides of low 

melting point, favoring the distribution of catalytic components all along ceramic fibers.   

3.2. Infrared Spectroscopy (FTIR)  

Figure 3a shows FTIR spectra of catalytic ceramic papers, where the spectrum of 

bare ceramic fibers is also included for comparison. This last exhibits a broad band at 1000 
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-1200 cm-1 due to Si-O stretching of SiO2 ceramic fibres, which also appears in the spectra 

of the catalytic ceramic papers. Besides, all spectra exhibit the signal at 667 cm-1, 

associated to Co-O stretching of Co2+ in the Co3O4 spinel [Khalaji et al. 2014]. No other 

defined signals could be ascribed in the IR spectra of Co-Ce-containing ceramic paper 

whereas for Ba,Co,K-containing samples, small signals at 1069, 1110 and 1180 cm-1 

appear. These peaks correspond to peroxide (O2
2-) or superoxide (O2

-) species associated to 

CeO2 and preferentially formed in the presence of K. K indeed incorporates into the CeO2 

lattice and generates anionic vacancies increasing the number of peroxide and superoxide 

species [Gross et al. 2012; Kaplin et al. 2017]. 

3.3. Temperature-Programmed Reduction (TPR) 

The reducibility of the catalytic ceramic papers was studied by TPR (Fig 3b). Co-

Ce-containing catalysts show different profiles according to the preparation protocol. The 

TPR profile corresponding to Co-Ce-I could be convoluted considering six peaks with 

different intensities (very strong, vs; medium, m; and weak, w), with maxima at 355 (vs), 

400 (m), 442 (vs), 480 (m), 686 (w) and 758°C (m) (Fig 2S). The overlapped peaks at 355 

and 442°C correspond to Co3O4 reduction (Co3+ 2+ and Co2+ the 

peak with a maximum at 400°C corresponds to CeO2 (surface) reduction, which is reported 

to occur between 290 and 465°C [Jin et al. 2016; Gómez et al. 2016], whereas the peak at 

480°C (tailoring) could be associated to a wide distribution of sizes of cobalt particles. The 

signal with maximum at 686°C could be ascribed to the CoAl2O4 spinel reduction to Co° 

and the peak at 758°C could be associated with bulk CeO2 reduction [Liotta et al. 2006; 

Han et al. 2015]. In the case of Co-Ce-S, the corresponding TPR profile is similar to that of 

Co-Ce-I and it was fitted considering five reduction peaks, with maxima at 359 (w), 445 

(vs), 483 (m), 688 (m) and 758°C (m) (Fig 2S). The main difference between the 
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impregnated and the sprayed samples appears in the 320-480°C region, associated with 

Co3O4 reduction. According to Tarka et al. (2017) [Potoczna-Petru et al. 2001], smaller 

Co3O4 particles are harder to reduce and the spray method favors the formation of smaller 

particles (SEM images, Fig 1). Besides, CeO2 promotes Co3O4 dispersion, favoring the 

formation of smaller crystallites. This explains why the sprayed sample exhibits lower 

intensity peaks in the 320-480°C zone and a bigger one at 483°C [Luo et al. 2008].  

TPR profiles of Co-Ba-K-containing catalysts are more complex (Fig 3) and the 

corresponding fittings are shown in (Fig 3S). In the case of Co-Ba-K-I, the peaks at 305 (m) 

and 354°C (s) correspond to Co3O4 reduction that occurs at lower temperatures if compared 

to Co-Ce-containing catalysts probably due to the higher accessibility of H2 to cobalt 

particles originated by the presence of K, which enhanced catalyst dispersion (as seen by 

EDS). At 404°C, a very strong signal is observed, which, according to previous works [Milt 

et al. 2005; Xu et al. 2016], could correspond to BaCoO3-y perovskite-type oxide reduction. 

The shoulder at 473°C (m) could correspond, as previously described, to cobalt reduction at 

the interface Co3O4 - CeO2 (Co2+ different sizes of 

cobalt particles. The two overlapped signals with maxima at about 545 (s) and 614°C (m) 

could be associated to KNO3 reduction [Mosconi et al. 2007], whereas at higher 

temperatures (ca. 780°C), the wide and intense peak could involve CoAl2O4 along with 

bulk CeO2 reduction. If compared with Co-Ce-catalysts, this high temperature peak is 

considerably higher in the Ba-containing samples and appears at slightly higher 

temperatures. A similar effect was observed by Marrero-Jerez et al. [Marrero-Jerez et al. 

2014] when studying gadolinia-doped CeO2 supported on Al2O3: the increase in Gd content 

resulted in a shift towards higher temperatures of the peak associated to bulk Ce+4 reduction 
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and also, in an increment in the area beneath the TPR peak. Also, the reduction of the 

BaCeO3 perovskite should be considered [Yang et al. 2010]. 

In the case of the sprayed sample (Co-Ba-K-S), the TPR profile is similar to that of 

Co-Ba-K-I, the main differences being the much less intense peak at 402°C and the absence 

of the peak at 475°C, as previously discussed, associated with the presence of the BaCoO3-y 

perovskite-type oxide and with the different sizes of cobalt particles, respectively. 

Probably, the traditional impregnation method favors the BaCoO3-y perovskite formation 

whereas in the spray method, the partial drying of aerosol droplets when they pass through 

the furnace at 400°C produces more homogeneous sizes of particles. Besides, as previously 

described, smaller Co3O4 particles are more difficult to reduce. On the other hand, the 

bigger peak at 780°C should correspond to BaCO3 reduction, present in higher amounts in 

the sprayed sample (Co-Ba-K-S), along with BaCeO3 reduction.  

3.4. X-ray Diffraction (XRD) 

Figure 4 shows XRD patterns. Both Co-Ce-S and Co-Ce-I show signals 

corresponding to the CeO2 fluorite-type oxide (JCPDS # 34-394). No signals associated 

with cobalt species appear, indicating their high dispersion (small particle size). However, 

if considering the cobalt percentage in the catalyst (12 wt. %) and the amount of catalyst 

loaded on the ceramic paper (5 wt.%), it is probably that the cobalt content is close to the 

detection limit of the technique. In the case of Co-Ba-K-containing ceramic papers, the 

XRD pattern of the impregnated sample (Co-Ba-K-I) shows, besides CeO2 signals, others 

associated to BaCO3 (JCPDS # 45-1471). The sprayed sample (Co-Ba-K-S) also show the 

BaCO3 signals, but with a much lower intensity, accounting for a higher dispersion of 

BaCO3 particles (Fig 1).  

3.5. Catalytic evaluation (TPO)  Stability runs  
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 In a previous work [Tuler et al. 2015b] we observed that the incorporation of cobalt 

and cerium by the spray technique (Co-Ce-S catalyst) resulted in a more active catalyst than 

that prepared by the traditional impregnation technique (Co-Ce-I catalyst). However, 

stability is as important as activity, and unfortunately, the structured catalysts prepared by 

the spray technique did not behave well in cycling experiments. Thus, in this work the 

stability of the drip impregnation and spray-made catalysts was further studied.  

The two first TPO runs for Co-Ce-I up to 600°C indicated that no deactivation was 

observed (Fig 5a). Nevertheless, after the three successive TPO runs up to 700°C, a partial 

deactivation of the catalysts occurred, as observed by the shift in the TPO profiles to higher 

temperatures. The temperature of maximum reaction rate indicated that after the five TPO 

runs, TM values shifted from 480°C to 540°C (Table 1). The sprayed sample (Co-Ce-S) was 

initially more active with a TM value of 453°C for the first run and started to deactivate 

already after the first TPO run (Fig 5a). Then TM values progressively shift down to 530°C 

for the fifth run, i.e. still slightly better than Co-Ce-I (Fig 5a and Table 1). 

  Co-Ba-K-containing ceramic papers were more active and stable if compared with 

those containing cobalt and cerium. For Co-Ba-K-S, the temperature of maximum 

combustion rate of the first run was as low as 390°C and after a slight deactivation in the 

first two cycles, the TM was maintained around 428°C in the next three cycles (Fig 5b and 

Table 1). However, the impregnated ceramic paper (Co-Ba-K-I) performed even better, 

both considering activity and stability. In fact, a TM of 390°C was maintained from the first 

to the fifth TPO run.  

 As Figure 6 summarizes, there is a marked difference in the catalytic activity of the 

systems containing either Co-Ce or Co-Ba-K, the latter being more active. For these 

catalysts, it is important to note the beneficial effect of NO in the gas phase, which 
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catalyzes soot combustion from the NO  NO2 redox cycle, and the presence of KNO3, 

which favors soot to catalyst contact owing to its low fusion temperature and also provides 

additional active sites [Gross et al. 2009]. Besides, peroxide and superoxide species 

(detected by FTIR), preferentially formed in the presence of potassium, enhance soot 

burning abilities of Co-Ba-K-the catalysts. Remarkably, the Co-Ba-K-I catalytic ceramic 

paper showed a very good activity and stability. In fact, the TM value is close to the 

temperature of diesel exhaust gases, which potentiates the applicability of this system. 

3.6. Catalyst characterization after stability runs 

SEM images of catalytic ceramic papers after stability runs (Fig 7) show no 

significant differences if compared with images of fresh samples (Fig 1): big catalytic 

aggregates (> 10 m) are present on impregnated samples (Co-Ce-I* and Co-Ba-K-I*), 

whereas for sprayed samples, smaller aggregates of catalyst (< 1 m) are observed after the 

successive TPO runs (Co-Ce-S* and Co-Ba-K-S*). Besides, EDS mapping (Fig 2S, 

Supplementary Information) shows no changes in the catalytic species distribution before 

and after the stability run, which implies the good anchoring of catalytic species deposited 

from both methods. It is worth mentioning that catalytic particles are incorporated partially 

dried when applying the spray method ensuring particle anchoring.  

In order to elucidate why do some catalytic ceramic papers deactivate and why Co-

Ba-K-I did maintain its good performance, FTIR and TPR techniques were used. FTIR 

spectra shown in Figure 8a show that all catalysts exhibit the bands at 667 and 565 cm-1 

associated with the Co-O bond stretching of Co3O4, appearing better defined for Co-Ba-K-

I*, and although these signals were better observed for Co-Ce-I (Fig 3a), their intensities 
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decreased after the stability runs. This is probably linked to the catalytic stability of Co-Ba-

K-I. 

Additionally, TPR studies help understanding this behavior (Fig 8b and the 

corresponding convolutions in the Supplementary Information Section). Figure 2S 

compares TPR profiles of catalysts impregnated with cobalt and cerium before and after the 

stability runs (i.e., Co-Ce-I and Co-Ce-I*). The main difference between both TPR profiles 

is the almost complete disappearance of the lowest temperature reduction peak, associated 

to Co3+ 2+ in Co3O4, in agreement with FTIR. Also, the wide peak at higher 

temperatures increases for the evaluated sample. This peak was convoluted considering two 

peaks with maxima at 680 and 750°C respectively, the first one corresponding to the 

reduction of Co2+ in CoAl2O4 spinel into Co0 and the last one, to the reduction of bulk 

CeO2. The formation of the CoAl2O4 spinel from Co3O4 appears as the main cause of Co-

Ce-I deactivation.  

In the case of the sprayed sample, the TPR profiles of Co-Ce-S and Co-Ce-S* are 

similar, although some differences appear at high temperatures: the maximum of the wide 

peak is shifted from 758 to 780°C and it can be convoluted from three contributions with 

maxima at 690, 780 and 890°C. The signal with maximum at 690°C, as previously 

discussed, could be associated to the CoAl2O4 spinel reduction and the peak at 780°C, to 

bulk CeO2 reduction. The shift from 758 to 780°C could be related to a stronger interaction 

between Ce and Al, favored from the excursions up to 700°C during the stability runs, 

probably causing the formation of a binary Ce-Al mixed oxide. The peak with maximum at 

890°C could be assigned to cobalt silicate, formed due to small particles of cobalt strongly 

interacting with silica fibers [Ernst et al. 1999; Santos et al. 2012]. 
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 On the other hand, the TPR profile of Co-Ba-K-I* shows no significant differences 

before and after stability runs. Reduction peaks associated to Co3O4 and BaCoO3-y appear at 

temperatures below 410°C, although the peak corresponding to Co2+  Co0 appears 

completely overlapped to that corresponding to the perovskite BaCoO3-y reduction. The 

shoulder observed at 473°C associated to the reduction of cobalt particles of different sizes 

appears as a separated peak after the catalytic evaluation whereas the peak caused by the 

reaction of BaCoO3-y appears a bit less intense. Probably, the ability of BaCoO3-y to 

reversibly trap and release NOx [Milt et al. 2005] helps maintaining the catalyst activity. 

Besides, it can be noticed that the only catalyst that shows a very low temperature reduction 

peak, close to 250°C, both before and after stability tests, is Co-Ba-K-I, which does not 

deactivate after stability runs. It is also important to remark that the wide peak, convoluted 

from two ones with maxima at 545 and 614°C, is observed almost without any difference 

both before and after activity runs, which discards the occurrence of a potassium loss. 

These results agree with the fact that maximum combustion rate temperatures keep almost 

constant (ca. 390°C, Fig 6). 

The TPR profile of Co-Ba-K-S* is similar to that of the impregnated catalyst (Co-

Ba-K-S), although the relative intensity of species more difficult to reduce vary. Besides, 

the high temperature reduction peak at ca. 900°C could be related to cobalt silicate 

formation, which may cause the catalyst deactivation after the third reaction cycle (Figs 5 

and 6). The better distribution of cobalt particles obtained by spray would favor cobalt 

silicate formation, since its corresponding reduction peak appears after stability runs of 

both samples prepared by the spray method. 

 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65



, the TM value is close to the temperature of diesel exhaust gases, which 

potentiates the applicability of this system. 
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Figure legends 

Fig 1. SEM micrographs of catalytic ceramic paper prepared either using the drip 

impregnation procedure (a, c and e) or the spray method (b, d and f).  

Fig 2. Distribution of  catalytic components throughout ceramic paper prepared by drip 

impregnation or by the spray technique (EDS mapping).  

Fig 3. (a) Infrared spectra of catalytic systems (o Co3O4 and  peroxide and superoxide 

species) and (b) TPR profiles.  

Fig 4. XRD diffraction patterns of catalytic ceramic. Symbols: I BaCO3 and x CeO2.  

Fig 5. TPO stability runs of catalytic ceramic paper containing (a) Co-Ce and (b) Co-Ba-K.  

Fig 6. Variation of the temperature of maximum combustion rate during succesive TPO 

runs (values extracted from Fig. 5).    

Fig 7. SEM micrographs of samples after stability runs (* samples): Co-Ce-I*, Co-Ce-S*, 

Co-Ba-K-I*, Co-Ba-K-S*.  

Fig 8. Characterization of catalytic systems after stability runs (* samples). (a) Infrared 

spectra (FTIR ), o Co3O4 and  peroxide and superoxide species and (b) TPR profiles.  

Fig 1S. Distribution of  components throughout ceramic paper prepared either by drip 

impregnation or by the spray technique after stability runs (EDS mapping). 
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Fig 2S. Convolution of TPR profiles from the corresponding reduction peaks of Co-Ce 

catalytic ceramic paper.  

Fig 3S. Convolution of TPR profiles from the corresponding reduction peaks of Co-Ba-K 

catalytic ceramic paper.  
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