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Effect of support material on the catalytic combustion of diesel soot particulates
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Several potential support matenals were mu:ed with soo t and subsequently the combustion temper ature of the soot m 15% 02 was determined Al203 and Si02 showed no catalytic effect, T102 and Zr02 lowered the soo t combust10n temperature with 80-90 K, whereas Ce02, La202C08 and V 205 (reference catalyst) showed a substantud actmty for soot combustion After poISOnmg with sulfur d10:1:1de, the catalyti c effect of Ce02 was strongly inhibited, whereas La202C03 and V 206 reta m ed then high actmty

INTRODU CTION

Diesel engme powered vehicles are a major source for the em1ss1on of soot particulates m urban areas. Due to theu small size, soot particulates can pen etrate mto the lung and they can form a serious health problem because of the presence of adsorbed (carcinogenic) hydrocarbons on their surfaces [ 1,2].

Soot em1ss1ons can be reduced by placmg a filter m the exhaust pipe To prevent pressure bmld-up, the accumulated soot particulates must be (penod ically) removed from the filter As the combustion temperature of the soot is much higher than the operational temperature found m the exhaust pipe, either the temperature m the exhaust pipe must be mcreased or the combustion tem perature of the soot must be decreased.

The combustion temperature of the soot particulates can be lowered by the addition of an oxidation catalyst m the form of fuel additives ( organo-metal compounds) [ 3], by spraying a metal salt solution on the accumulated soot [ 4] or by impregnation of the filter walls with an oxidat10n catalyst [ 5] For the last option, supported metal oxides are considered to be the most promismg candidates In general, the search for the "ideal" soot combustion catalyst is performed by m1xmg supported metal (oxides) with soot, followed by the mea surement of soot combustion Several studies of this type have been published, generally focussed on alumma-supported ondat10n catalysts [5][6][7][8] If we exclude ref 7 and a recent patent concerning Pt/S102 [9], the reported studies were performed m the absence of 802, although diesel fuels contam a considerable amount of sulfur Smee it is known that S02 can act as a poison for many catalysts, the obJective of this study was to remvestigate a series of different materials which might serve as a support for metal oxides or noble metals m order to classify their catalytic activity on the combustion of soot m the absence and m the presence of 802 EXPERIMENTAL ()xides/sU[J[JOrts Table 1 hsts the materials apphed (all potential supports), with their spe cific surface areas Additionally, V206 is used as a reference material Owmg to its low meltmg pomt, it cannot be considered as a support but it was found to be one of the most active catalysts for the combustion of diesel soot [ 7] Ti02 and Zr02 were calcmed m flowmg rur at 975 K for 2 h m order to remove any chlorine present. Lanthanum oxide was prepared by heatmg lanthanum citrate precursor m air at 773 K The only phase detected by X-ray analysis The soot was obtained from Renault-France. The particulates were pro duced by a diesel fuel burner and collected with a cordierite tilter They con tamed 1 wt.-% ash and the amount of adsorbed hydrocarbons was :S: 1 %. The composition of the inorganic material was determined by AAS (atomic ab sorption spectrometry) and ICP (inductively coupled plasma) analysis The carbon, hydrogen, nitrogen, sulfur and oxygen contents were determined by elemental analysis. The results of these analyses are listed in Tables 2 and3.

From Table 2, the main elements are Si, Al and Mg; they onginate from cordiente particles In addition the analysis shows considerably lower P, Ca and Zn contents than those reported in the literature [ 10,11] This was due to the absence of oil consumption in the fuel burner Since the soluble oil fraction (SOF) was qtpte low (ca. 1% by weight), the elemental composition of the organic part was not determined

The BET surface area of the soot was 300 m 2 /g, as measured by nitrogen adsorption. In a first series of experiments, it was observed that mechanical mixmg of the soot and the catalyst in an agate mortar gave unreproducible results Con sequently we used the following method: 400 mg of catalyst and 100 mg of soot were placed in a 100-ml stee l holder together with four small steel balls (8 mm I D.), either under argon or air Subsequently, the mixture was ball-milled for 30 or 60 mm Combustion tests proved that this procedure gave reproducible results

Combtstion measurementn

The combustion of the soot was determmed thermogravimetrically m a Se taram TGA-DTA-92 thermobalance coupled to a Balzers 420 QMG mass spec trometer. 25-35 mg of the support-soot mitxtr was placed man alumina cru cible suspended from one arm of the balance. All expenments were performed usmg a heating rate of 5 K/min in either 15% 02 m N2 or, for the combustion experiments of 802-poisoned samples, m 15% 02/100 ppm 802 m Ar Both the 02 and 802 content represented real1st1c diesel exhaust-gas compositions The combustion rates were obtained from the weight losses. The heat effects showed that the weight changes were due to soot combustion The mass spec trometer (MS) was also used to check combustion by monitoring the gaseous reactant and any possible reaction products, namely 02, CO, C02, H2, H20, 802, 803, NO and N02 No quantitative MS data could be obtamed In partic tqar, it was not possible to obtam a correct estimate of the relative proportions of CO andC02

The CO/ (CO+ C02) ratio was determined separately by temperature-pro grammed oxidation ( TPO) m air of identical soot-catalyst mixtures (total sample size• 100 mg) placed ma nncro-reactor, with a heatmg rate of 0 8 K/ mm The CO and C02 content of the product nnxture was determmed with a gas chromatograph equipped with a thermal conductivity detector Approx1D1ately 400 mg catalyst was placed m a U-shaped quartz reactor and heated to 625 or 925 K under a flow of 15% 02/100 ppm S02 in N2 (50 ml/ mm). After 6 or 20 h at the final temperature, the catalyst was cooled to room temperature, mixed with soot and subsequently the reactivity was measured with the thermobalance.

RESULTS

Mixing

In Table 4 the reaction rates at 625 and 730 K, expressed as mg soot com busted per minute, is given for (Al203 +soot) and (Ti02 +soot) mixtures. The duration of the mixmg procedure and the atmosphere was varied.

The vanation of the mixmg conditions shows that the reactivity was strongly influenced by this procedure. Longer milhng times resulted m higher reactiv ities. At high temperatures the combustion reactivity of a (Al203 +soot) mix ture after mixmg m argon was lower than after mixing in air A standard mix mg procedure was adopted m order to make a comparison between the different catalysts All further combustion experiments were performed after 30 min ball-mdhng of the (support+ soot) mixtures under a flow of argon.

Support and soot combustion

In Figs. 12, the denvatives of the weight loss curves [diff erential thermo gravimetry (DTG) curves] of the combustion of (support+ soot) mixtures are shown The temperatures of the maxlDla of these curves and the CO/ (CO+ C02) ratios measured by TPO at this m8XlDlum are bsted in Table 5 These results show that the combustion temperature was substantially low- The second weight loss peak is situated at 715-730 K, followed by a high- The CO I (CO+ C02) ratios m Table 5 indicate that Ti02, Zr02 and even V 205 are moderate CO oxidation catalysts, whereas Ce02 and La202C03 are relatively good catalysts for this reaction None of the used supports is capable of complete CO conversion.

Sulfur dwxule poisoning of the supports

An important parameter for testmg the apphcabihty of catalysts for the combustion of soot is resistance towards 802 poisonmg.

Prehmmary expenments showed that adding 100 ppm 802 to the reaction mixture caused only a minor increase m the combustion temperature of (sup port+ soot) Ill lxtures, suggesting that a more severe poisoning procedure should be used. Therefore, the sohds, pnor to mixmg with soot, were treated for 6 h at 625 K m a flow of 100 ppm 802/15% 02/N2• After such a treatment, the catalyst was mixed with soot following the procedure descnbed previously, and subsequently the reactivity was detenmned gravrmetncally m 15%02/100 ppm 802 m balance Ar with this poisomng pretreatment. The sulfate formation was promoted However, the absence of deactivation after the reactivity test was not a guarantee that a support would remam active under more reahstic con ditions In fact our poisomng procedure acted as a negative test. The results are reported m Table 5 A shght mcrease of the combustion temperature ( 10-30 K) was observed for all the active supports, except Ce02 for which the combustion curve was shifted by about 100 K (Fig. 3). ��C03 being the less affect.eel by the poi soning procedure at 625 K, was furth.,r teated by submitting the solid to a 6or 20-h 802 pretreatment at 925 K. Furthermore, a Las02C03 sample was heated in air to 975 K in order to decompose the carbonate groups, followed by 802 poisoning at 925 K for 6 h. As shown in Fig. 4, in all cases, the catalytic activity was slightly lowered after exposure to 802, but remained at the high level obtained for the unpoisoned sample.

DISCUSSI ON

As can be see n m Table 4, increased m.Wng times result m higher combus tion rates Tins effect was found for all the catalysts studied and was largest for the most active catalyst. Furthermore, the combustion rate was somewhat higher, when the (catalyst+ soot) mature was mixed in air. The soot combus tion is a reaction of a solid (soot) with oxygen, catalyzed by a solid catalyst If one accepts that the rate of the soo t combustion is dependent on the contact zones between the soo t and the catalyst, it is obvious that the method tt to mix the two solids influenced the rate of soot combustion. The mcreased reac tivity with increased mixing time can be explained by a more intimate contact and also by a structural modification of the soot, especially m the presence of air According to Barthe et al. [12], the reactivity of demineralized coke m creased after 24 h grinding time due to the formation of carboxyhc surface groups durmg ball-milling and subsequent exposure to air.

Although this mixing procedure does not reflect the actual soot-catalyst contact on a soot filter it answers to the desired purposes for tins study which is tl establish a reactivity scale for the different oxides; it allows a reproducible mechanical mixing of catalysts with soot and, as is shown, the mIXlllg effi • c1ency is high enough to show differences m catalytic activity for diff erent catalysts. Based on these results, a standard mixing procedure ( 30 mm under argon atmosphere m order to minimize structural modifications of the soot [ 12] ) is used throughout this study.

The combustion expenments of the (support+soot) mixtures clearly show that some supports can act as a catalyst for the combustion of soot and simul taneously for CO oxidation. The results permit a division of the supports mto three groups. The lack of activity of Al203 and Si02 is m agreement with the results of McKee [START_REF] D W Mckee | ChemlBtru and Physics of Carbon[END_REF], who measured the effect on the oxidat10n of graphite The com bustion temperature of the (Al203+soot) and (Si02+soot) mixtures are sim ilar to those of pure soot.

The order of reactivity found m tins �tudy corroborates the results for graph ite oxidation reported by Hemtz and Parker [START_REF] Hemtz | [END_REF] The catalyzed. oxidation of graplut.e at 975 K in their study followed the order: V -Ce> La ::a> Zr> Ti. The relatively lugh activity of �02C03 is slightly unexpected smce it was reported ear her that �03 is a poor oxidation catalyst [START_REF] De Soete | Presented at the Western States Section Meetmg of the Combustion Institute[END_REF]: this discrepancy could be due to the use in ref. [START_REF] De Soete | Presented at the Western States Section Meetmg of the Combustion Institute[END_REF] of a �03 material having a low specific area.

The low-and high-temperature peaks m the three peak pattern of the weight loss curve of (�02C03+soot) are also present when the support is heated under sJJD.tlar conditions m the absence of soot. The low-temperature peak is accompanied by water production as evidenced by MS and can be ascribed to the decomposition of -OH groups [START_REF] Mp Rosynek | [END_REF]. This peak is very mtense when La(OH)3 is submitted to a temperature program. The high-temperature max imum is due to the decomposition of the carbonate group of La202C03 result mg m La203 and C02 [START_REF] Mp Rosynek | [END_REF]17]. It is known that, even at room temperature, the reverse reaction can take place. Therefore, under diesel exhaust conditions, lanthanum oxide tvll probably be m the carbonated form.

The poisoning of the Ce02 with 802 results m a substantially higher com bustion temperature The deactivation of Ce02 upon exposure to 802 was also found by 8ultanov et al [ 18], who studied the effect of 802 on CO oxidation activity The temperature at which 50% CO conversion was reached mcreased from 600 to 1020 K after exposure to 802• Only after heatmg the deactivated Ce02 to 1175 K could the mitial CO oxidation activity be restored [ 18] V 205 is more stable than Ce02 towards 802. However, a deactivation is ob served, in disagree ment with ref. 7. It is probable that under test conditions vanadium sulfate is formed. Nevertheless, after the poisoning procedure, V 205 remains the most active oxide of the senes In contrast twth Ce02 and V 205, soot combustion m the presence of�02C03 remamed virtually unchanged after 802 poisonmg. Also after prolonged p01somng (20 h) and at a higher poisonmg temperature ( T= 925 K) the combus tion temperature hardly changed Thus, lanthanum oxide exhibited an higher activity than Ti02 and could be used as a support. Apparently, �02C03 and La203 are stable towards 802 under the applied poisonmg conditions Even after decompos1t1on of the carbonate groups and subsequent 802 exposure the high soot combustion activity is retained

CONCLUSIONS

The lll lxing procedure and mixing conditions are important parameters, which influence the combustion characteristics of the catalysts The applied mixmg procedure is a reproducible method, wluch enables us to discnminate between the catalytic effect of different catalysts on the combustion of soot particulates

In the absence of 802, the studied supports can be divided into three groups, based on their catalytic effect on soot combustion and CO oxidation ( 1) Not 

TABLE4Fig 1 Fig 2

 12 Fig 1 DTG curves ofthecombust1on (15% 02m N2) of soo t ( .. ), m the presence of Al203 ( • --• ) , m the presence of 1'102 (---) and m the presence of Zr02 (--) soar COMBUSTION RATE Cmg/mn)

TABLESFig 3 Fig 4

 34 Fig 3 DTG curves of tj combustion of soot m the presence of Ce02 (15% 02 m N2) (--) and m the presence of SOrtreated Ce02 (100 ppm 802, 15% 02 m Ar) (---)

( 1 )

 1 Little or no catalytic effect: Al203 and Si02 (2) Moderate activity Ti02 and Zr02• ( 3) High activity: Ce02 and L�02C03•

  active: Si02 and Al203• (2) Moderately active• Ti02 and Zr02 (3) Active• L�02C03 and Ce02• From the active supports, only La�02C03 is unaffected by 802 poisoning and can be regarded as a promising support for oxidative diesel soot catalysts V 205 is slightly affected by 802 poisoning but still remains the most active oxide of our test. Ce02 is easily deactivated by the 802 treatment, probably by the formation of sulfates

TABLE ! Support

 ! matenals with their specific surface areas

	Support matenal	Manufacturer	Specific surface area (m 2 /g)
	Al20s	Degussa O:ud C	100
	S102	Deguss a Aerosil 130	130
	T102 Zr0 2 Ce02 La202C03	Degussa P25 Degussa 137 RhOne-Poulenc IRC0	50 90 5 20
	V205	IRC0	34
	0Prepared at the IRC	

after storage under ambient air is L�02C03• V 205 was prepared by decompos mg N .. 03 in a at 773 K Soot