
Introduction

The construction of a Diesel engine differs significantly

from that of the engine with spark ignition, requires a

different fuel and a different air to the fuel ratio as well

as a higher pressure and temperature. In the presently

available Diesel engines these parameters change in a

wide range, therefore, the composition of exhaust gas

from such engines is also different and complex. It is a

result of a series of chemical and physical processes

leading to formation of solid particles called the Diesel

soot [1, 2]. The particles of the Diesel soot on their po-

rous surface strongly adsorb some of the fuel pyrolysis

products including oligo- and polyaromatic hydrocar-

bons. Because of strong carcinogenic and mutagenic ac-

tivity these hydrocarbons must be removed from the ex-

haust gases. One of the methods of decreasing the

concentration of Diesel soot is the exhaust gas purifica-

tion by filtering followed by catalytic oxidation, using

air [3, 4]. In our studies we use carbonizate which can

simulate in some extend Diesel soot.

Experimental

The subjects of this study were platinum catalysts sup-

ported at three different concentrations on Al2O3

(Degussa C) of the low (93 m
2

g
–1

) and (Norton)

(251 m
2

g
–1

) high surface area and on SiO2 (Cab–O–Sil)

of the surface area 188 m
2

g
–1

. The catalytic activity was

measured by the area of the exothermal effects on the

DTA (differential thermal analysis) curves of the sam-

ples studied. The study was performed on a carbonizate

containing 78.64 C, 1.34 H and 1.7 N mass% used to

simulate the Diesel soot. The samples were tested in the

airflow (30 mL min
–1

) in a derivatograph OD-102. A

mixture of the catalyst with the carbonizate was heated

at a rate of 13°C min
–1

to a temperature 1000°C [5].

Results and discussion

Table 1 presents the data illustrating catalytic activity

of the platinum catalysts samples studied in the reac-

tion of carbonizate removal. As follows from the data,

the support (two types of alumina one with low surface

area (LSA) and second one with high surface area

(HSA)) does not show any catalytic activity. Introduc-

tion of platinum on the support causes a significant in-

crease in the catalytic activity, as indicated by a de-

crease in the mass of the carbonizate. Moreover, with

increasing content of platinum on the support the cata-

lytic activity increases. The type of support (Al2O3 and
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Table 1 Catalytic activity of supported Pt catalysts in oxida-

tion of carbonizate

Catalyst
Activity

(carbonizate mass/%)

Al2O3 (LSA) 0

0.3 mass%Pt/Al2O3 (LSA) 25

3.0 mass% Pt/Al2O3 (LSA) 28

9.0 mass% Pt/Al2O3 (LSA) 39

3.0 mass% Pt/Al2O3 (HSA) 29

3.0 mass% Pt/SiO2 30

3 mass%Pt+3 mass% Re/Al2O3 (LSA) 26

LSA – low surface area, HSA – high surface area

* Author for correspondence: sarbak@amu.edu.pl



SiO2) and their surface area have no significant effect

on the catalytic activity. Interestingly, an addition of

another metal component (Re) to platinum does not

result in increased catalytic activity.

However, as follows from the differences in the

shape of the DTA and TG curves, the catalysts studied

have different effect on the course of processes taking

place on increasing temperature of the reaction. For the

sample of sole carbonizate subjected to heating the DTA

curve shows a single distinct exothermal effect with a

maximum at 445°C and one small exothermal effect

broadened over the temperature range 519–618°C. As

mentioned above, alumina alone is not active in the oxi-

dation reaction but it is responsible for significant

changes in the composition of carbonisate. The

DTA/TG curves recorded in the presence of alumina

(Fig. 1) differ considerably from those recorded for

carbonisate alone (Fig. 1). The DTA curve obtained for

the sample of the carbonisate in the presence of alu-

mina (rys.1) reveals a single endothermic effect with a

maximum at 542°C with two clearly marked inflection

points on the declining branch of the DTA curve at 592

and 692°C. This character of the DTA curve means

that some of the carbonizate components undergo

transformation into components that do not undergo

further thermocatalytic removal.

The next series of experiments was undertaken to

study the effect of the type of support on the activity of

the catalysts containing 3.0 mass% platinum. Figure 2

presents the course of the DTA and TG curves. The

character of these curves recorded for the catalysts sup-

ported on LSA and HSA alumina samples and on silica

is very similar. The DTA curves show two distinct max-

ima at 529–539 and 611–615°C, therefore, it can be

concluded that the type of support has no important ef-

fect on the number of carbonizate components and on

the activity of catalysts in its removal. Moreover, it has

been shown that increasing concentration of platinum

introduced onto the support (Fig. 3) does not cause sig-

nificant changes in the number of the carbonizate com-

ponents as the DTA curve reveals only two distinct exo-

thermic effects in close temperature ranges of 531–539

and 611–628°C, respectively. The introduction of rhe-

nium as second metal component – besides platinum

(Fig. 1) does not bring about significant changes in the

position of the exothermic effects, which means that the
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Fig. 1 DTA/TG curves of upper – carbonizate, middle – Al2O3

and bottom – 3.0 mass% Pt+3.0 mass% Re/Al2O3 catalyst

Fig. 2 DTA/TG curves of 3.0 mass% Pt catalysts supported on

upper – Al2O3 – LSA, middle – Al2O3 – HSA and bot-

tom – SiO2



addition of rhenium does not affect the removal of the

components assigned to the exothermic effect maximum

at the temperatures higher than those appearing on the

curves recorded on the thermal removal of the

carbonizate. According to our previous results [6] based

on CO chemisorption and FTIR examination we postu-

lated that the main active centres on the Al2O3 (HSA)

support were Pt° atoms, whereas Pt
δ+

(δ<1) and Pt
m+

(2≥m>1) centres were also present on Al2O3 (LSA). The

strong adsorption centres on Pt/SiO2 samples were Pt°

atoms and Pt
δ+

ions. Therefore we can suggest that the

metallic platinum are the main catalytic centres for re-

moval of carbonaceous.

Conclusions

It has been shown that the introduction of 0.3 mass%

platinum onto Al2O3 (LSA) causes a significant

increase in the catalyst activity in the carbonizate

removal in comparison to the removal without the

catalyst or removal in the presence of Al2O3 alone. An

increase in the platinum concentration in the catalyst

causes a significant increase in the removal of the

carbonizate. Moreover, the type of Al2O3 supports

and their surface area (LSA and HSA) have no

significant no effect on the catalytic activity. A

similar result has been obtained for the platinum

catalyst supported on SiO2. No changes in the activity

of the sample Pt+Re/Al2O3 have been also observed

compare to sample with platinum only. We can

suggest that the metallic platinum are responsible for

removal of carbonaceous deposit.

Analysis of the positions of the exothermic

effects in the DTA of the carbonizate before and after

the catalytic reaction indicates a removal of all its

components, especially those assigned to the exo-

thermal effects in temperatures up to 520°C.

References

1 J. Neeft, Ph.D. Thesis, Catalytic oxidation of soot,

Technische Universiteit Delft 1995.

2 Z. Sarbak, ‘Kataliza w Ochronie �rodowiska’, (Catalysis

in Environmental Protection) Wyd. Naukowe UAM,

Pozna� 2004.

3 Z. Sarbak, Przem. Chem., 83 (2003) 152.

4 Z. Sarbak and K. Surma, Principles and Methods for Ac-

celerated Catalysts Design and Testing,

(Eds E. G. Derouane et al.), Kluwer Academic Publisher,

Dordrecht 2002, p. 423.

5 Z. Sarbak and K. Surma, J. Therm. Anal. Cal., 72 (2003) 159.

6 Z. Sarbak, Adsorption Sci. Technol., 20 (2002) 347.

Received: February 10, 2005

In revised form: June 13, 2005

DOI: 10.1007/s10973-005-6956-5

J. Therm. Anal. Cal. 3

THERMOCATALYTIC REMOVAL OF CARBONACEOUS MATERIALS

Fig. 3 DTA/TG curves of Pt/Al2O3 catalysts: upper – 0.3 mass%,

middle – 3.0 mass% and bottom – 9.0 mass%



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


