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Nanometric powders in the TiO 2 -CeO 2 system were synthesized using sol-gel methods aiming at corrosion inhibitor preparation. The precursors employed were Ti(OiPr) 4 as TiO 2 source and Ce(NO 3 ) 3 .6H 2 O or (CH 3 CO 2 ) 3 Ce.xH 2 O as CeO 2 source. Several parameters were varied, like the cerium precursor (cerium nitrate or cerium acetate) and the TiO 2 :CeO 2 molar ratios. For both cerium sources binary powders with TiO 2 :CeO 2 = 4:1 or 1:1 molar ratios were prepared. The obtained materials were dried overnight in the oven at 100 °C and then thermally treated for 1 h at 400 °C with a heating rate of 1 °C/min in order to eliminate the water and organic residues. In all cases, nanometric -predominantly amorphous -powders have been obtained which crystallized after the 1 h thermal treatment at 400 °C. The only exception was recorded for the TiO 2 :CeO 2 = 4:1 composition prepared from the Ce(NO 3 ) 3 •6H 2 O precursor which remained amorphous after the thermal treatment. Even though the primary particle sizes were ~ 4 -5 nm, the material is constituted from aggregates larger than 50 nm. The desired presence of cerium in two valence states, necessary in active corrosion protection, was achieved and it was put into evidence by XPS and DTA/TGA for the TiO 2 :CeO 2 = 4:1 binary compositions. Future studies have to be done in order to reduce the agglomeration of the material.

Metal oxides play an important role in many fields such as electrochemistry, catalysis, gas sensing, corrosion protection, etc. In the last years, titanium dioxide (TiO 2 ) has raised a large interest due to its non-toxicity, chemical stability and low cost. Recently, applications of TiO 2 films for cathodic protection of metals under ultraviolet (UV) illumination have been reported [1,2]. Unfortunately, pure TiO 2 coating cannot be used under dark conditions due to its charge recombination. On the other hand, the rare earth metal oxides and especially cerium dioxide (CeO 2 ), possess a relatively high reactivity and find applications in different fields including corrosion protection. This is due to the fact that cerium has an affinity to oxygen, and bonding between cerium and oxygen is unlikely to be broken by applied cathodic potentials.

According to the literature data, TiO 2 -CeO 2 powders and films were prepared for use as catalysts [3][4][5][6][7], electrochromic device materials [8][9][10][11][12][13], oxygen sensors [14] and several other applications [15][16][17][18][19][20][21][22][23][24][25][26][27][28]. Even though TiO 2 , CeO 2 and their binary powders are mostly discussed in the literature due to their catalytic behaviour, in recent years, these oxides have found new applications as corrosion inhibition dopants for silica based sol-gel corrosion protection coatings which are considered environmentally friendly by comparison with the traditional chromate conversion coatings.

Light materials with high weight/strength ratios gain in importance in the fields of automotive and aeronautical industries due to the new concerns regarding low CO 2 emissions. As a consequence, the use of magnesium, aluminium and their alloys is continuously increasing and the need to prevent and retard their natural deterioration process using environmentally compliant methods has become more and more evident. The replacement of hazardous chromate conversion coatings constituted the object of many studies in the last period of time [29][30][31][32][33][34][35][36][37][38][39].

One of the most promising alternatives for the corrosion protection pretreatments is offered by the sol-gel technology which is environmentally unproblematic and compatible with the organic paints used in most of the applications. Within the sol-gel family, hybrid films are the most promising but unfortunately they are able to offer only a barrier protection as long as they are crack free and pore free. To extend the protection offered by those materials in an active corrosion protection, the use of inhibitors which can induce the "self healing" effect is required. Rare earth elements like cerium and lanthanum are versatile inhibitors. The corrosion protection mechanism offered by the cerium ions was widely studied and it is generally accepted that cerium ions lead to precipitation of cerium oxides and hydroxides which hinder the cathodic reduction reaction. On the other hand, Ce 3+ can be oxidized to Ce 4+ . These Ce 4+ ions due to their high oxidizing potential are able to promote the superficial oxidation of the aluminium alloy to aluminium oxides conferring a natural protection layer [40][41][42][43][44].

The mostly preferred precursors for binary oxide materials were Ti(OiPr) 4 as TiO 2 source and Ce(NO 3 ) 3 .6H 2 O [5][6][7]15,16,27,28] 

In basic conditions, the hydrolysis step takes place according to the following mechanism: 

In the presence of a cerium salt, the basic hydrolysis can take place after the following reactions:

Ce(NO 3 ) 3 H 2 O 6 H 2 O + NH 3 2- Ce(OH)(H 2 O)x NH 4 NO 3 + 3 (5) H 2 O + NH 3 2- Ce(OH)(H 2 O)x + 3 Ce(CH 3 COO) 3 x H 2 O NH 4 COOCH 3 (6) 
In the sol-gel method, when the two precursors react simultaneously, some chemical bonds are expected to be formed between them: (7) This study is mainly focused on the preparation of new cerium containing inhibitors, which can act both as reinforcing agents for the hybrid matrix which help obtaining a pore free and crack free material and also can promote the "self healing" effect by the presence of the cerium ions in two valence states Ce 3+ and Ce 4+ . For the success of the protection offered, it was desired to obtain nanometric, amorphous and non-aggregated powders which can form good suspensions in water and/or alcohol media without the use of surfactants.

Results and Discussion

Under the experimental conditions presented above, light yellow, highly dispersed powders were obtained. In the case of binary powder preparation, the hydrolysis -condensation reactions went differently depending on the cerium source. In the case of the cerium nitrate precursor, which is totally soluble in alcohol, a mixture at molecular level of the two precursors was possible allowing, as will be discussed later, the entrapment of cerium ions in the TiO 2 structure. Cerium acetate, which is only partially soluble in ethanol, was not completely dispersed and its conversion to CeO 2 took place most probably later, after the complete precipitation of TiO 2 .

The thermal behaviour of the binary powders was determined by DTA/TGA and is presented in Table 1; for exemplification, two graphs are presented in Figures 1 and2. According to the recorded DTA/TGA curves, differences could be noticed in the thermal
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Wiley-VCH ZAAC behaviour of the prepared powders starting with different cerium precursors. In the case of the binary powders obtained starting with cerium nitrate, three thermal effects could be noticed.

The large endothermal effect at 88 °C could be assigned to the dehydration of the binary powders followed by a smaller endothermal effect at about 290 °C assigned to structural OH evolution. At 655 °C an increase of the weight was noticed accompanied by an exothermal effect that could be assigned to Ce 3+ to Ce 4+ oxidation. Based on the results obtained by thermal analysis one may conclude that in this case powders with composition of titaniumcerium oxy-hydroxide were obtained.

In the case of the binary powders obtained starting with cerium acetate, the endothermal effect at 84 °C could be assigned to the dehydration of the powders. The endothermal effect at 264 °C followed by the exothermal one at 278 °C could be assigned to the decomposition of the acetates kept in the composition of the prepared powders and the subsequent oxidation of CO resulted from the acetate decomposition to CO 2 . At about 700 °C, a weight increase is noticed due to the oxidation of Ce 3+ to Ce 4+ . Based on the data obtained by DTA/TGA, one may conclude that when cerium was introduced in the reaction, a titanium-cerium hydrated acetate complex was formed, as in the case of cerium acetate. In both cases, in the initial powders as well as in the powders thermally treated at temperatures lower than 650 °C at least a part of cerium occurs in the valence form Ce 3+ . Differences in the composition of the initial powders are supposed to determine differences in their structure and properties.

Based on the results of the DTA/TG analysis, all the powders further investigated were thermally treated at 400 °C for one hour, with a heating rate of 1 °C/minute.

The XRD diffraction patterns for the TiO 2 :CeO 2 (80:20) binary materials prepared with the two different cerium sources thermally treated as mentioned above are presented in Figures 3 and4. All samples were also investigated by transmission electron microscopy.

The mono-phase as prepared powders are constituted of aggregates which turn after the thermal treatment at 400 °C into crystallites of 4 -5 nm. The as prepared binary powders are predominantly amorphous and the particle size decreases with the increase of cerium quantity for both types of precursors used. They are presented in Figures 5 and6. 80:20 revealed the fact that the material is actually constituted from two phases: a predominant one that is amorphous and another crystalline one of pure anatase, proven by EDAX, with crystallite sizes ranging between 50 and 100 nm as can be seen in Figure 9. The formation of the two different solid composites with different microscopic aspects may occur for two reasons: firstly, during the synthesis in the ammonia precipitation step due to the higher reactivity of the titanium alkoxide and its higher amount in the solution, TiO 2 seems to precipitate in the first place. Secondly, after thermal treatment, when the crystallization process is about to start, it is expected that this process will lead to the formation of the same stable compounds consisting in a -Ti-O-Ce-network. As most of the TiO 2 is not engaged in the network formation, it is supposed to crystallize independently.

However, the amount of crystalline TiO 2 phase seems to be negligible, compared to the amorphous phase, being not evidenced in the XRD record.

The XPS spectra for the binary powders prepared starting with cerium nitrate are presented in Figure 10, while the spectra for the samples starting with cerium acetate are presented in Figure 11. The surface composition as resulted from XPS is presented in Table 3. The obtained results suggest that regardless of the cerium precursor employed, in the TiO 2 :CeO 2 samples 80:20 thermally treated at 400 °C, the titanium is present in the Ti 4+ valence state while cerium is present in the two valence states Ce 3+ and Ce 4+ . In literature [27] it is mentioned that pure cerium oxides are more likely to have cerium in Ce 4+ oxidation state without excluding the presence of Ce 3+ to some extent. In the TiO 2 -CeO 2 binary system, at low cerium doping levels, it was found that cerium's preferred valence state
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Wiley-VCH ZAAC is Ce 3+ . With the increase of the cerium content in the sample, the presence of the Ce 4+ species gradually increases [27]. In our results, the peaks obtained after the deconvolution of the XPS spectra sustain this hypothesis: the peaks of ~ 884.5 and 902.5 eV can be attributed to the photoemissions of the cerium (III) cations while the peak at ~ 898 eV corresponds to the photoemissions of the Ce(IV) cations. The peak at ~ 880.5 eV suggests that the sample contains some oxygen vacancies and is to some extent in a reduced state. The XPS investigations confirm and extend the results of the DTA/TGA that have shown the presence of Ce 3+ in the powders by its oxidation at temperature higher than 650 °C.

The FT-Raman spectra of the mono-component powders have shown all the characteristic peaks mentioned in the literature for TiO 2 or CeO 2 [25,26]. Figure 12 presents the Raman spectra for the TiO 2 :CeO 2 (80:20) samples, thermally treated at 400 o C. In the case of the (CH 3 CO 2 ) 3 Ce•xH 2 O precursor, there are a number of bands observed at 140, 395, 514 and 635 cm -1 which are in agreement with the anatase spectra reported by Ocana [47] and a peak at 460 cm -1 corresponding to the cerium oxide. For all the peaks, a shift of ~ 4 cm -1 was observed. In this case the Raman spectrum of the binary powder is composed by the characteristic peaks of the both mono-component constituent oxides suggesting that a mechanical mixture of oxides was formed. When the Ce(NO 3 ) 3 •6H 2 O precursor was employed, some new Raman bands appeared at 164, 193, 268, 328, 364, 433, 565 and 608 cm -1 . Several of these bands were previously reported in the literature by Luo [48] and they were assigned to a new compound obtained by substitution of Ce atoms in the TiO 2 lattice. The mixing of TiO 2 and CeO 2 is probably more efficient at smaller scale in such a way that even Ti-O-Ce arrangements have to be envisaged. The small intensity of these bands confirmed once again the XRD results which indicate that the material is still predominantly amorphous.

Based on the Raman investigations, the following reaction mechanism (equation 8) can be imagined for the preparation of binary powders when cerium nitrate source is used: BET surface area determinations showed that all the samples had relatively high surface areas, the highest values being recorded for CeO 2 samples prepared from the cerium acetate precursor (146 m 2 /g). The binary powders prepared with the same cerium precursor have also a higher specific surface area as the corresponding samples prepared with cerium nitrate. This fact could be explained by the higher porosity of the particles determined by acetate evolution from the composition of initial powders obtained with cerium acetate. The results for the BET measurements are presented in Table 4. The results obtained have shown that the cerium precursor as well as the cerium ratio in the mixture have played a very important role to the properties of the resulted materials. When cerium nitrate, which is totally soluble in the reaction medium, was employed, a mixture of the precursors at molecular level was achieved and differences were induced by the different speed of hydrolysis-condensation reactions of the two starting materials. At TiO 2 :CeO 2 (80:20) ratio, it was observed that cerium ions were entrapped in TiO 2 network, hindering the crystallization when thermally treated at 400 °C. At TiO 2 :CeO 2 (50:50) ratio, it was observed that some of the cerium precursor remained still unreacted when titanium alkoxide was totally transformed and it reacted to CeO 2 . When the cerium acetate precursor which is only partially soluble in reaction medium, was used, regardless of its amount, it was found that cerium precursor reacts after the complete precipitation of the TiO 2 leading to CeO 2 . When TiO 2 and CeO 2 are only physically mixed, the crystallization was found to start earlier.

Future work will include the testing of the powders in the TiO 2 -CeO 2 system as inhibitors for metals corrosion protection.

Experimental

The TiO 2 -CeO 2 powders were prepared by the sol-gel method at ratios of TiO 2 :CeO 2 of 4:1 The TiO 2 -CeO 2 powders obtained in the conditions mentioned above were characterized by differential thermal analysis and thermo-gravimetric analysis using a Mettler Toledo TGA/SDTA 851e equipment with a heating rate of 5°C/min., XRD with a Bruker D8 equipment with Lynxeye detector, measuring time of 1sec for each step and wavelength of Cu -K α1 + K α2 . Visible laser Raman spectra were recorded on a HORIBA Jobin Yvon LabRAM ARAMIS Raman microscope and the laser lines at 632 nm and 785 nm were used as excitation source. The chemical composition of the powders prepared as described before was examined by X-ray photoelectron Spectroscopy (XPS). A VG ESCA 3 MkII-EUROSCAN Instr. Spectrometer was used in the following conditions: the X-ray source: an emission tube with a dual anode of Mg/Al (energy: P≈10 -9 torr; Ume=3 kV; RX: U=12.5kV, I=20mA, P=250W; Alk α (E=1486.6eV); Flood gun: U=3V, I=0.2 mA). The spectra were analyzed with the S-PROBE and SDP-32 programmes. Transmission electron microscopy (TEM) involved a JEOL 200 CX microscope and a Topcon 00B and instrument. BET specific surface area determinations were realized using the nitrogen adsorption method at liquid nitrogen temperature.
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 1 Figure 1 DTA/DTG curves for the TiO 2 :CeO 2 (80:20) sample prepared from Ti(OiPr) 4 and
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 2 Figure 2 DTA/DTG curves for the TiO 2 :CeO 2 (80:20) sample prepared from Ti(OiPr) 4 and
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 3 Figure 3 The XRD diffraction pattern for the TiO 2 :CeO 2 (80:20) powder obtained from Ce(NO 3 ) 3 . 6H 2 O, thermally treated at 400 °C.
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 4 Figure 4 The XRD diffraction pattern of the TiO 2 :CeO 2 (80:20) powder obtained from
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 5 Figure 5 TEM micrographs for the as prepared binary powders in the TiO 2 -CeO 2 system from Ce(NO 3 ) 3 •6H 2 O; a) Ti:Ce = 80:20 and b) Ti:Ce = 50:50.

Figure 6

 6 Figure 6 TEM micrographs for the as prepared binary powders in the TiO 2 -CeO 2 system from (CH 3 CO 2 ) 3 Ce•xH 2 O; a) Ti:Ce = 80:20 and b) Ti:Ce = 50:50.

Figure 7

 7 Figure 7 TEM micrographs for the 400 °C thermally treated binary powders from Ce(NO 3 ) 3 • 6H 2 O, a) TiO 2 :CeO 2 = 80:20 and b) TiO 2 :CeO 2 = 50:50.

Figure 8

 8 Figure 8 TEM micrographs for the 400 °C thermally treated binary powders from (CH 3 CO 2 ) 3 Ce•xH 2 O, a) TiO 2 :CeO 2 = 80:20 and b) TiO 2 :CeO 2 = 50:50.

Figure 9

 9 Figure 9 TEM micrographs of the two phases from the TiO 2 :CeO 2 = 80:20 thermally treated at 400 °C obtained from Ce(NO 3 ) 3 •6H 2 O. a) Predominant amorphous TiO 2 •CeO 2 phase and b) TiO 2 crystalline phase.

Figure 10

 10 Figure 10 The XPS spectra for the TiO 2 :CeO 2 (80:20) sample from Ti(O-iC 3 H 7 ) 4 and Ce(NO 3 ) 3 •6H 2 O, thermally treated at 400 o C. The lines represent electronic configurations which suggest the presence of titanium in one valence state (left) and of cerium in two valence states as may be deduced from the "doublets" (right).

Figure 11

 11 Figure 11 The XPS spectra for the TiO 2 :CeO 2 (80:20) sample from Ti(O-iC 3 H 7 ) 4 (left) and (CH 3 CO 2 ) 3 Ce•xH 2 O (right), thermally treated at 400 o C.

2 : 1 )Figure 12

 2112 Figure 12 FT-Raman spectra for the TiO 2 -CeO 2 (80:20) samples, thermally treated at 400 °C, a) prepared from cerium nitrate and b) prepared from cerium acetate.

and 1 :

 1 1 using Ti(O-iC 3 H 7 ) 4 and Ce(NO 3 ) 3 •6H 2 O or (CH 3 CO 2 ) 3 Ce•xH 2 O as starting precursors in ethanol. The metal oxide precipitation was achieved by use of NH 4 OH (NH 3 25% aqueous solution). The molar ratio of the reagents was the following: precursors: C 2 H 5 OH:EtOH:H 2 O:NH 4 OH = 1:36,5:3:3, when cerium nitrate was used as cerium source, or 1:36,5:3:6, when cerium acetate was used as cerium source. The obtained reaction mixture was homogenized at 80 °C, for 2 hours. The resulted precipitate was filtered, carefully washed with distilled water and dried in the oven for 48 h and then (based on the results of DTA/TGA) annealed for 1 h at 400 °C with a heating rate of 1 °C/min in order to eliminate the water and organic residues.

  or CeCl 3 . 7H 2 O[9,45] as CeO 2 source. The literature data suggest that the binary powders in the TiO 2 -CeO 2 system may be realized in any proportion of the two oxides from 100% TiO 2 -0% CeO 2 to 0% TiO 2 -100% CeO 2 . In the present work, binary powders in the TiO 2 -CeO 2 system were prepared by sol-gel method using two cerium sources (Ce(NO 3 ) 3 •6H 2 O and (CH 3 CO 2 ) 3 Ce•xH 2 O). For all binary materials, two different oxide molar ratios were taken into consideration, TiO 2 :CeO 2 = 4:1 or 1:1. The sol-gel method allows the preparation of some special mixed oxides in the system TiO 2 -CeO 2 and the most

						hydrolysis
	Ti(OR) 4	+	H 2 O		HO	Ti(OR) 3	+	ROH
						esterification	(1)
							hydrolysis hydrolysis hydrolysis
	HO	Ti(OR) 3		+	H 2 O	(HO) 2 Ti(OR) 2	+	ROH
							esterification esterification esterification
							hydrolysis hydrolysis hydrolysis
	(HO) 3 Ti OR	+	H 2 O	Ti(OH) 4	+ ROH
							esterification esterification esterification
							alcohol condensation
		Ti OR	+	HO	Ti	Ti O Ti	+	ROH
							alcoholysis	(2)
							water condensation
		Ti OH	+	HO	Ti	Ti O Ti	+ H 2 O
							hydrolysis

significant steps can be summarized by the following reactions (equations 1 -4):

Table 1

 1 DTA/TGA results for the TiO 2 -CeO 2 powders.

	Sample	Temperature	Effects [ o C]	Weight		Assignment	
		range [ o C]	endo	exo	loss [%]				
	TiO 2	20-200	98	-	18.85	Adsorbed water and ROH	
	Ti(O-iC 3 H 7 ) 4					evolution			
		150-1000	-	410		Burning out of the organic residues
		20-1000			18.85				
	CeO 2 , from	20-200	108	-	4.17	Adsorbed water and ROH	
	Ce(NO 3 ) 3 .6H 2 O					evolution			
		200-500	-	-	3.57	Structural OH evolution	
		100-1000	-	-	1.30				
		20-1000			9.04				
	CeO 2	20-200	98	-	5.11	Adsorbed water and ROH	
	(CH 3 CO 2 ) 3 Ce•xH 2 O					evolution			
		200-400	253	-	8.74	Acetates decomposition and the
						organic residues evolution	
		400-600	513	-	3.66	Structural OH evolution	
		600-1000	-	-	1.61				
		20-1000			19.12				
	TiO 2 :CeO 2	20-200	86	-	14.16	Adsorbed water and ROH	
	80:20					evolution			
	Ti(O-iC 3 H 7 ) 4	200-500	268	-	3.084	Structural OH evolution	
	Ce(NO 3 ) 3 .6H 2 O	500-1000	-	655	+0.238	Ce 3+ oxidation to Ce 4+		
		20-1000			17.01				
	TiO 2 :CeO 2	20-200	93	-	8.90	Adsorbed	water	and	ROH
	50:50					evolution			
	Ti(O-iC 3 H 7 ) 4	200-500	261	-	4.87	Structural OH evolution	
	Ce(NO 3 ) 3 .6H 2 O		419	-					
		500-1000	-	698	0.29	Ce 3+ oxidation to Ce 4+		
		20-1000			14.05				
	TiO 2 :CeO 2	20-200	84	-	11.64	Adsorbed water and ROH	
	80:20					evolution			
	Ti(O-iC 3 H 7 ) 4	200-500	-	278	13.74	Acetates decomposition and	
	(CH 3 CO 2 ) 3 Ce•xH 2 O					burning out of the organic residues
		500-1000	-	700	+0.2346	Ce 3+ oxidation to Ce 4+		
		20-1000			25.27				
	TiO 2 :CeO 2	20-200	98	-	7.03	Adsorbed water and ROH	
	50:50					evolution			
	Ti(O-iC 3 H 7 ) 4	200-500	-	265	19.57	Acetates decomposition and	
	(CH 3 CO 2 ) 3 Ce•xH 2 O					burning out of the organic residues
		500-1000	-	800	-	Ce 3+ oxidation to Ce 4+		
		20-1000			26.70				

Table 2

 2 Crystallite size, cell parameters and crystalline phases as determined from XRD

	diffraction patterns.				
	Probe	Crystallite	a (Å)	c (Å)	Phase name
		size (nm)			
	TiO 2 CeO 2 CeO 2 TiO 2 :CeO 2 (80:20) 1 1 2	19 9 9 -	3.7876(3) 9.5038(6) anatase 5.4167(4) -cerianite 5.4151(4) -cerianite --amorphous
	TiO 2 :CeO 2 (80:20) 2	18 8	3.7922(3) 9.5173(6) anatase 5.4163(4) -cerianite
	TiO 2 :CeO 2 (50:50) 1	-	-	-	Anatase cerianite
	TiO 2 :CeO 2 (50:50) 2	16 4	3.7961(3) 9.5173(6) anatase 5.4161(4) -cerianite
	Note: 1 -from Ce(NO 3 ) 3 •6H 2 O; 2 -from (CH 3 CO 2 ) 3 Ce•xH 2 O	

Table 3

 3 Surface composition as determined from XPS (%at)

	Sample/Element	C	O	Ti	Ce
	TiO 2 :CeO 2 (80:20) nitrate	44.72	41.11	10.90	3.26
	TiO 2 :CeO 2 (80:20) acetate	53.14	35.24	8.93	2.69

Table 4

 4 BET surface area for mono-and bicomponent powders thermally treated at 400°C.According to the recorded DTA/TGA curves, differences could be noticed in the thermal behaviour of the prepared powders starting with different cerium precursors. Based on DTA/TG analysis data when cerium nitrate was used as cerium source, a titanium-cerium oxy-hydroxide powder was obtained, while in the case of cerium acetate, a titanium-cerium hydrated acetate complex was formed.The XPS measurements on the thermally treated TiO 2 :CeO 2 (80:20) samples reveal that regardless of the cerium source used, the titanium is present in the Ti 4+ state while cerium is presented in the two valence states Ce 3+ and Ce 4+ , in almost equivalent amounts.The FT-Raman results suggest the formation of a Ti-O-Ce type bonding in the case of bicomponent thermally treated samples prepared from cerium nitrate.All materials were investigated by transmission electron microscopy and confirmed by XRD results. A more detailed microscopic investigation of the material obtained from Ce(NO 3 ) 3 •6H 2 O in the TiO 2 :CeO 2 = 80:20 reveal that the material is actually constituted from two phases: one predominant that is amorphous constituted from TiO 2 :CeO 2 (~ 2:1) and another one crystalline composed from TiO 2 with crystallite sizs ranging between 50 and 100 nm.

		Monocomponent powders		Binary powders	
	Sample							
		TiO 2	CeO 2 (1)	CeO 2 (2)	Starting with Ce(NO 3 ) 3 •6H 2 O	Starting with (CH 3 CO 2 ) 3 Ce•xH 2 O
					TiO 2 :CeO 2	TiO 2 :CeO 2	TiO 2 :CeO 2	TiO 2 :CeO 2
					(80:20)	(50:50)	(80:20)	(50:50)
	S BET [m 2 /g]	67	111	146	79	85	122	99
	Note: (1) starting with Ce(NO 3 ) 3 •6H 2 O, (2) (CH 3 CO 2 ) 3 Ce•xH 2 O		
	Conclusions						
	Mono component single phase and binary phase powders in the TiO 2 -CeO 2 system were
	successfully prepared by sol-gel method. All prepared powders are in the nanometric range
	and the dried material is constituted of amorphous aggregates of particles while the 400 o C
	thermally treated samples are formed of crystallites of 4 -5 nm. Only the thermally treated
	TiO 2 :CeO 2 (80:20) prepared from the Ce(NO 3 ) 3 •6H 2 O precursor makes an exception and is
	predominantly amorphous.					
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