Scientific Report   concerning IDEI 80 Project implementation in January-September 2016 period
Phase VI : Selection and demonstration (Process efficiency demonstration  - properties evaluation for the most promosing samples, comparison with the data from scientific literature. Results dissemnination ), corresponding to year 2016 
In the experiments that took place in previous stages, we set up a laser pyrolysis  experimental installation  able to continuously synthesize nanopowders based on titanium dioxide (titania) using as transfer agent laser energy (sensitivity) ethylene and oxygen as an oxidant in the form of synthetic air. With the addition of titanium tetrachloride (which is the precursor for TiO2) and other precursors in the reaction zone, we have reported  the obtaining TiO2-containing silica (as SiO2) nanocomposite powder after the introduction and the vapor hexamethyldisiloxane HMDS / or iron (various forms - metal carbide, oxide) by the introduction of iron pentacarbonyl precursor in the  form of vapors generated by the volatile liquid. In the Fe-containing nanocomposites samples various values ​​of magnetization saturation were measured as reported in previous phases. Confering magnetic properties to these nanocomposites TiO2 opens the possibility to reuse these photocatalysts by capturing the suspended particles (after they have fulfilled the role of purifying the aqueous medium in which were suspended) using magnetic fields, as shown in bibliographic study the previous phase. The role of silica in nanocomposites titanium would be to increase the resistance to dissolving in aqueous media, especially at more corrosive, acidic pH, and contribute to the capture / adsorption of various molecules of pollutants, as well as  to separate of iron oxide phases against the titanium dioxide  direct contact and thus avoid the photodisollution problem [MF04]. Also, in the previous phases were tested (as susupensions) part of the as-synthesized titanium dioxide-based nanopowders titanium as photo degradation  catalysts under the action of UV radiation of different organic substances dissolved in water as the drug acid acetylsalcilic (aspirin) or Methyl Orange DYE, yielding encouraging results. However, due to the presence of uncatalytic phase/phases in these nancomposites, photodegradation efficiency is often lower compared to standard fotocatalic pure titanium dioxide Degussa P25 (which is commercially available and has the majority anatase phase).
Table VI-1. Experimensl parameters for the synthesis of nanopowders  discusset in this Phase
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	Configuratia I 

	
	Duza externa
	Duza intermediara
	Duza interna
	
	

	ITP-14
	1500
	-
	150
	450
	30
	5
	20
	310
	450

	ITP-15
	1500
	-
	150
	450
	30
	5 fara Fe
	20
	310
	450

	ITP-16
	1500
	-
	150
	450
	30
	5
	20
	250
	450

	ITP-17
	1500
	-
	150
	450
	30
	5
	20
	280
	450

	ITP-18 
	1500
	100
	150
	450
	30
	10
	-
	350
	450
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	ITP-19
	1500
	
	300
	200
	30
	5 fara Fe
	10 fara siloxan
	350
	450

	ITP-20
	1500
	
	300
	200
	30
	5 fara Fe
	10
	350
	450

	ITP-21
	1500
	
	300
	200
	30
	5 fara Fe
	10
	250
	450

	ITP-22
	1500
	
	300
	200
	30
	5 
	10
	250
	450


Laser pyrolysis installation used by us is provided with an injector consisting of three concentric pipes, allowing the introduction of separate or as a mixture of precursors, sensitizer and oxidant and flows of argon inert used as carrier gas. Ar has the role of confinement for reactive mixture usually inserted through the center nozzles. Following previous experiments were selected conditions in which precursors of iron and silicon are injected along the central nozzle, adding and sensitivity, achieving also a comparative experiment in cares has retained configuration in which HMDSO is mixed Ar confinement. We conducted two sets of experiments, some in the configuration I that introduced a certain amount of titanium tetrachloride and other (configuration II) in which the gas flow exhilarating and hence vapor TiCl4 result was doubled, keeping -it similar total air flow (450 sccm front of 500 sccm). Summaries of all experimental parameters which resulted nanopowders discussed in this phase are presented in Table VI-1

Because oxygen found in the reaction mix (20% in the introduced synthetic air) is not sufficient to oxidize both TiCl4 and ethylene sensitivity (especially as the nozzle internal mixture contains no oxygen) in the configuration I, samples from this set contain carbon came mainly from ethylene pyrolysis. Vapor mass flow driven by bubbling can be calculated using the equation:
ФV, entrained vapors = [pv entrained substance /(pbubbler - pv entrained substance)] ФV, entraining gas


where pressure in the bubbler, was approximates to that of the reaction chamber of 450 mbar, equivalent to 337.5 torr. The vapor pressures of precursors are (reported in previous phases): pv TiCl4 = 11.12 torr; pv, HMDSO = 37.4 torr; pv, Fe (CO) 5 = 28.8 torr. Thus in configurations I and II are inserted 5.15 sccm and 10.3 sccm respectively TiCl4 and 2.5, respectively 1.25 sccm HMDSO (except ITP18 where flow is increased to 12.5 sccm HMDSO but much diluted by argon confinement). The involvement of 5 or 10 sccm carrier gas for Fe (CO)5  lead to the injection of ~ 0.5, ~ 1 sccm, respectively iron precursor vapor. Consequently, to decrease as much as the carbon content (harmful for photocatalysis) of nanocomposites our raw titanium dioxide and avoid while conversion phase anatase in rutile, all powders were heated in an oven at 450 ° C for three  hours in the air, the results were rated with ITPH being further analyzed and tested ones. In Figure VI.1 ITP is observed that the evidence obtained in the configuration ITP17 16 and I become oxygen deficient white-brown after heating, the Series I with more oxygen are white both before and after oxidative treatment of post-synthesis, which shows a lack of carbon in significant amounts.
Next are shown in Fig VI.2 joined all nanopowders after heating in the oven.
This iron (Fe3+ ionic form) in samples originating from ITPH the synthesis raw powder which was used Fe (CO)5 lead to staining of their various shades of brown.
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   Fig.VI.1. Photographies of ITP16, 17, 19 si 21 before and after furnace oxidative treatment 
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Fig.VI.2. Photographies of the de TiO2 –based nanopowders after air thermal annealing in furnace 450°C (3h)
Analize de difractografie de raze X (XRD)

The oven heating process in air environment does not change the ratio between the two main phases of TiO2 anatase and rutile, anatase to rutile because the conversion begins on 500° C in  for the titania nanopowders synthesized by laser pyrolysis [L1]. As shown in Table VI-1 sample ITP18 was synthesized in the presence of the largest flow of precursor iron, which translated into final after heating in the oven with a powder with  shade brown-gray darker than all other evidence. This iron in significant proportion was translated by the appearance in X-ray diffraction pattern of the sample gross peak phase TiFe2O5 pseudobrookit besides peaks anatase and rutile phase two of TiO2 (Fig. VI.3). As outlined in [L2] phase pseudobrookite has a thermodynamic stability is very low and their presence in the raw ITP18 powder occurs because  their synthesis in  in non-equilibrium conditions (very high speed flame of laser pyrolysis followed by very rapid quenching) and nanometric dimensions. Therefore, after heating for 3 hours at 450 ° C, this phase disappears in ITPH18 powder’s diffraction patterns. It is possible that iron oxide (presumably hematite) resulted from their  thermal decomposition  of  pseudobrookte is quasi-amorphous/ disordered, so there are no clear αFe2O3 peaks in the powder diffraction patterns ITPH18 (can be confused with background noise) /. May be the weak and broad  peak at 2θ ~ 32.6 ° can be ascribed to this Fe oxide phase.
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Fig.VI.3. X-ray diffractograms of  ITP15 nanopowder below and after oxidative thermal treatmnet at 450°C
Also, the presence pseudobrookite phase in  ITP18 powder demonstrates that there was at least a partial  mixture in oxidative laser pyrolysis flame flows which contained central source of iron nad  the annular flow where the precursor of titanium was introduced.

Figure VI.4 show overlapped diffractograms of  samples synthesized in the configuration I were the Fe and Si precursors were introduced both the central nozzle, varying the laser power according to Table VI-1. Is observed in all three samples both the anatase and rutile phases are present, and a less intense and very wide centered around 2θ = 23 ° peak begin to be3 observed the diffraction ITPH14 powder derived from the sample synthesized at the highest laser power, all other parameters being kept constant, including the atom introduced HMDSO flow. This indicates the beginning of structuring of  amorphous silica coming from the oxidation of HMDSO due to the higher temperature in laser-induced flame induced by the highest laser power
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Fig.VI.4. Superposed X-ray diffractograms of  ITPH14, ITPH16 si ITPH17 nanopowders
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Fig.VI.5. Superposed X-ray diffractograms of  ITPH19, ITPH20 si ITPH22 nanopowders
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           Fig.VI.6. Superposed X-ray diffractograms of  pulberilor ITPH21 si ITPH22

Tabelul VI-1. Mean crystallite size and anatase to rutile ratio EXtracted from XRD
	Calcined sample
	A(%)
	R (%)
	DA (nm)
	DR(nm)

	 ITPH-14
	67.87
	32.13
	13
	22

	ITPH-16
	78.48
	21.52
	13
	22

	ITPH-17
	68.87
	31.13
	13
	26

	ITPH-18
	73.55
	26.45
	19
	26

	ITPH-19
	90.75
	9.25
	26
	43

	ITPH-20
	82.72
	17.28
	24
	34

	ITPH-21
	80.86
	19.14
	21
	37

	ITPH-22
	83.15
	16.85
	20
	32


Regarding the anatase to rutile ratios comparison between these sample, the sample coming from the powder synthesized at the lowest power laser used in these three experience shows the highest percentage of anatase (78.5% vs. 68-69%) as table VI-2 . So ITPH17 sample contains a higher percentage of anatase because it comes from the sample obtained at the lowest temperature, knowing that with increasing temperature the anatase phase has a tendency to transform into the more stable rutile phase [L1]. And in these cases it can be seen this a weak peak at 2θ ~ 33 ° hardly obderved through the  background noise that could be attributed to hematite (peak most intense (104)) coming from segregation of iron ions as a result of thermal decomposition of pseudobrookite.
In Figure VI.5 and VI.6 presents diffractograms of ITPH calcined sample from nanopowders synthesized with more air in configuration II. In these cases, the majority phase is anatase. Worthy of note is the absence of any phase based on iron in the sample ITPH22 which was introduced as Fe(CO)5, which meant that in these cases the  iron substitutionally enters in the  TiO2 crystalline network, as we have shown in our previous work [L3 ] and [L4]. Also, although in three of these experiments the silicon precursor was introduced, we not observed the appearance of even the amorphous silica peak of at about 2θ = 23 °, and it is possible that in these cases some of silicon to susbstitutionally enter in TiO2 network , replacing titanium ions. In this configuration, the reference sample ITPH19 coming from powder synthesis which were not used precursors of iron and no silicon (and received at higher power -  350W) presented - in Table VI-2 - the largest anatase percentage in this series. Introducing the  HMDSO and / or Fe (CO)5 precursors and / or reducing the laser power did not decrease much the anatase percentage,  this phase remaining as the  wide majority (just over 80%).  Regarding the average crystallite size extracted from XRD and  presented in Table VI-2, they are generally below 45 nm. The smallest were observed  for anatase phase in the calcined powders obtained from the raw powder that was synthesized in the configuration I in the presence of Fe and Si precursors. It seems that their introduction into the environment more deficient in oxygen (configuration I) not only lead to reduction of anatase crystallites, but these are somewhat in lower proportion compared to rutile phase when comparing them with those obtained in Configuration II (68 .. ... .78.5% to 81 91.5% in Table VI-2).
Electronic microscopy analyses

Further analysis are the  transmission electron microscopy (TEM) performed at various resolutions on samples obtained from calcined raw nanopowders synthesized in configuration I (oxygen deficient). Analyses high-resolution TEM (HR-TEM) allow - if the crystalline phases appear - crystalline planes observation and the measurement of interplanar distances, which gives the possibility to identify the phases present - in our case anatase and / or rutile. Thus, Fig.VI.7-left chained nanoparticle aggregates can be seen,  morphologically more or less spheroidal belonging ITPH14 nanopowders. Vast majority of nanoparticles have around 20 nm, but there are a population with larger sizes (about 40-70 nm) which has a lower  density (lighter gray shades) and seem to lack  an inner structure. This structure appears to be characteristic of amorphous silica coming from the oxidation of HMDSO. In Fig. VI.7 -right above are  clearly visible some crystallites cores wrapped in a shell that can be made of turbostratic carbon (derived from ethylene pyrolysis in this environment deficient in oxygen) and has resisted to  post-synthesis oxidation in the oven at 450 ° C. Incidentally, the presence of carbon in this sample was certified by EDS elemental analysis
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Fig.VI.7. TEM image (left) si HR-TEM (right ) from  ITPH14
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Fig.VI.8. TEM image (left) si HR-TEM (right ) from  ITPH15
[image: image11.jpg]


[image: image12.jpg]



Fig.VI.9. TEM image (left) si HR-TEM (right ) from  ITPH16
(presented in comparison with those samples resulted from configuration I) in Fig. VI.12. These analyzes are made inside the TEM microscope on a very small area and elemental composition can differ even within the same nanopowders due neomogeneitatilor and electromn beam focus
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Fig.VI.10. TEM image (up left), SAED (up right) si HR-TEM (down) of  ITPH17
Selective very narrow beam of electrons on a certain structure. This ITPH14 Fe in the sample, as in ITPH16, 17 and 18 has been certified by EDS analysis (Fig. VI.12), this iron from Fe (CO) 5 introduced the central nozzle. Moreover, the iron is absent in the raw ITPH15. Copper element comes from the TEM grid. Electron microscopy image of this sample (Fig. VI.8-left) reveals the 
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Fig.VI.11. TEM image (left) si HR-TEM (right ) from ITPH19

presence of aggregated nanoparticles with relatively narrow size distribution (15 ... 20 nm) featuring many polyhedral morphology. HR-TEM image on the right shows nanocrystallite titanium dioxide around 5 ... 8 nm in a disordered array could consist of disordered amorphous silica or carbon. Crystallite of the center-right image shows the same parallel lines spaced 0.32 nm 
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Fig.VI.12 EDS sprectra revealing the presence of elements in  ITPH 14, 15, 16, 17 si 18 samples
In high-resolution image of FIG, VI-9 right can be seen an overlap of several crystallites bounded at the bottom of a disordered region can be attributed to the formation of turbostratic carbon. In ITPH17 TEM image of the sample (Fig. VI.10) to observe aggregates of nanoparticles (with sizes of 15-20 nm) which are partially fused form of chain and welded. In electron diffraction image of the right one can notice bright spots and rings due to presence of very small crystallytes. Pictured at bottom left hand is clearly seen several different sized nanoparticles surrounded by a thin layer (1-2 nm) and whose interior reveals the cystalline lattice planes. Thus, the 8 nm nanoparticle left center of this image, we could identify the  interplanar distances of 0.35 nm (101) ascribable to the majority anatase phase. HR-TEM image in the lower right to see a turbostratic carbon shell surrounding a crystaline nanoparticle, whose presence is witnessed by the  occurrence of pairs of short and quasi parallel graphene spaced at 0.38 nm (higher than 0.34 nm crystalline graphite interplanar spacing). At the bottom of this image an, incipient ordering structure can be observed, without presenting distinct crystalline planes, which could be attributed to the structure of amorphous silica that begins to organize. In in TEM image of ITPH18 sample (Fig. VI.11-left) spherical nanoparticles of 20 ... 50 nm surrounded by a thin shell whose nature is amorphous / disordered can be observed, as revealed by HR-TEM left image . TEM image showing the same and the existence of smaller particles (less than 20 nm) of a particular shape, strongly aggregated. In HRTEM image amorphous layer separating the two spheroidal nanoparticles whose crystalline cores seems not to be in direct contact
Raman Spectroscopy Analyses  
 Raman spectroscopy can provide information on the crystalline phases present in the system - in our case TiO2 anatase and rutile phases, and also of the carbon presence, particularly of the type turbostratic / disorder that shows two characteristic peaks D and G  that were anvelopated. The Raman analyzes were made with the aid  of a green laser at 532 nm. Samples obtained in the configuration I (synthesized in oxygen deficient conditions and then calcined at 450 ° C in air) show Raman spectra with very strong luminescence, thus the  characteristic peaks of TiO2 were completely masked and not visible  even if titania phases appear at XRD analyses. In the cases of the samples synthesized  in  configuration II with more oxygen and then heat treated ITPH 19, 20, 21 and 22, easiliy can be seen particularly intense peaks ala anatase the rutile weaker ones, as shown in FIG. VI.13.[image: image20.png]Intensity [a.u.]
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Fig.VI.13 Taman spectra of  ITPH19, 20, 21, 22 
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Fig.VI.14 Supersposed Raman spectra of  ITP22 (raw) su ITPH22 (calcined)
The calcined sample ITPH22 and raw sample ITP22 shows besides the TiO2 phases , other enveloped peaks with low intensity (D band at 1334 cm-1 and G band at 1596 cm-1) due to the presence of disordered/turbostratic carbon - see Fig. VI.14. In this case apparently the oxygen in higher concentration in laser pyrolysis and the treatment in air at 450°C failed to completely eliminating the carbon. This may correlate with the presence of Fe(CO)5 in the synthesis mixture of this nanopowder, knowing that iron is a good catalyst for decomposition of hydrocarbons into ethylene our case.
UV-VIS spectroscopy  analyzes  and Photocatalysis tests  

UV-Vis spectra in transmission mode (shown in Fig. IV.15) were collected from these nanopowders as transparent thin films prepared by suspending in ethanol (10 g / l), horn ultrasoni-
[image: image22.png]Transmittance(%)

404

204

uncoated glass
[TPH-17

ITPH-18
[TPH-22

T
400
A(nm)

T
600

800

Transmittance(%)

100

80

60

40

20

uncoated glass
ITPH14
ITPH15
ITPH16
ITPH19
ITPH20
ITPH21

400

A(nm)

600

800




Fig.VI.15 Trsnsmission UV-VIZ specrrea from al  ITPH nnaopowders as films on glass substrate
cation and deposition  of 8 drops of 100 µl on a squared glass plate (cut from 2.5 x 2.5 cm microscope slides) by centrifuging (spin-coating) at a speed of 5000 rpm. One can observe that both samples containing iron and those without iron (the reference one) shows a high degree of absorption in the ultraviolet range (320 ... 400 nm) in the visible range but also retains a significant percentage (40%) absorption . The sample ITPH15 ash doped with iron obtained in the configuration I seem to have more poor absorption in the visible, so most transparent and evidence ITPH21 doped and ITPH22 doped with iron (in the synthesis of both the HMDSO precursor was also used) obtained configuration II shows highest absorption.


Determination of photocatalytic property of nanopowders based on titanium dioxide selected from experiments conducted using the method of anionic azo dye Methyl Orange (Methyl Orange, 4- [4- ( Dimethylamino) phenylazo] benzenesulfonic acid sodium salt C14H14N3SO3Na) UV photodegradation in aqueous neutral (pH 7). This dye isused in analytical chemistry as a pH indicator as it changes color from yellow in masic medium to amber and then red in acidic medium du to the adopting of a quoinoid zwitterionic structure (pH range 3.2 to 4.4 ) 
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Fig.VI.16 Diminishing of  460 nm visible absorptoon peak of Methyl Orange aqueous solution  (pH=7) under UV irradiation in the presence of ITPH19 si  ITPH21 suspended nanoparticles 
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Fig.VI.17 Diminishing of  Methyl Orange aqueous solution concentration   under UV light irradiation in the presence of ITPH19 si  ITPH21 suspended nanoparticles 

Photocatalytic efficiency testing was conducted using UV radiation emitted by a mercury vapor lamp with λ = 312 nm using a solution of Methyl Orange 80μM, i.e. 26.16 mg / l dye. In
20 ml of the solution were dispersed 0.5 mg photocatalyst, yielding suspension of 25 g / l on the basis of nanopowder titanium dioxide. The solution was irradiated using a magnetic stirrer and UV lamp placed horizontally above the cup with liquid to be tested. At regular intervals (every 10') samples of liquid were measured and the decrease of 460 nm MO  peak as a result of photodegradation of the dye, was recorded as shown in Fig. VI.16. The Photocatalytic activities best evidence was observed for  ITPH 19 and 21 ITPH samples synthesized in configuration II and containing no iron. The graphs corresponding to the decrease of the concentration of dye in time are shown in Fig. VI.17;  in the first 20-30 minutes we have a first-order reaction while in the next interval we have a slightly nonlinear behavior likely due to increased concentration of free radicals produced from the degradation of MO is obvious to ITPH19
Comparison with the literature data concerning the photocatalytic action of these titanium dioxide based nanocomposite 
The literature describes a variety of systems nanocomposites titanium dioxide in combination silica or oxized iron and ternary system containing oxidic phases of titanium, silicon and iron, tested as photocatalysts to ultraviolet, visible or solar light, having as target different organic substances dissolved in water. Some of these systems are summarized in Table VI-3.

Table VI-3. Presentation efficiency of TiO2 nanocomposites in photo degradation of organic susbtante in aqueous medium according to reports in the literature
	Descrierea sistemului fotocatalitic
	Re-fe-

rin-ta
	Substanta fotodegra-data

/clasa
	Conditiile fotocata-lizei -mediu apos
	Tip radi-atie
	Concluzii

	Nanoparticule TiO2 sauNano-sfere SiO2@TiO2 sorturi de marimi

590, 470, 220 nm
	F01
	Rodamina B (Rhodamine B , RB) /colorant cationic trifenilmetanic
	10−5 mol/l RB

1.5·10−3wt% catalizator
	So-lara artifi-ciala
	Suplimetar s-a monitorizat Continutul Total de Carbon TOC. Fotodegradare totala  a RB dupa 4 ore pentru TiO2 pur sau 8-12 ore  pentru SiO2@TiO2

	TiO2 sau TiO2-SiO2 cu diverse procente atomice de Si (0.02-0.04%)
	F02
	Tricloretilena TCE/ solvent clorurat
	97.5 ppm TCE

0.77 g/l catal.

	UV

300-

400 nm
	TiO2-SiO2 ce contine numai faza anatas este mai performanta decat TiO2 pur prin sol-gel sau P25 Degussa

	Nanocompozite TiO2/SiO2
(1:1;  1:5;  1:10)


	F03
	- Albastru de metilen MB (Me-thylene Blue)/colo-rant cationic  fenotiazinic

- Portocaliu Acid 7 PA7 (Acid Orange7) colorant azoic anionic 
	5·10−5mol/l colorant

0.5 g/l catal. 

Mediu acid sau bazic
	UV

365 nm
	Pentru PA7  -  eficienta maxima proba cu raport 1:1 (degradare max. dupa 650' in mediu bazic si 300' min in mediu acid)

Pentru MB - eficienta maxima proba cu raport 1:5 (degradare max. dupa 300' atat in mediu bazic cat si mediu acid)

	Oxizi micsti 

TiO2-SiO2 (sinteza din TEOS+TTIP in prezenta CH3COOH, H2SO4 sau HCl)
	F04
	Fenol (compus hidroxilic aromatic)
	50 ppm fenol

1 g/l catal.
	UV

365 nm
	Proba calcinata la 700°C - degradare in cca 60', cea calcinata la 50°C - degradare dupa cca 90'.  Performante mai bune decat Degussa P25

-silica  stabilizeaza faza anatas TiO2 la calcinare 

	
	
	
	
	
	

	Nanoparticule

TiO2@SiO2
	F05
	Albastru de Metilen MB/colorant cationic  fenotiazinic
	10  ppm MB

67 mg/l catal.

         Lampa Xe>>
	UV+Viz 300 ... ..1000 nm


	Fotodegradare totala a MO  dupa  >300' pentru anatasTiO2 si aproape totala pt. anatasTiO2@SiO2 Acoperirea nanoparticulelor de TiO2 cu SiO2 duce la diminuarea fotodegradarii MB cu ~32%

	Film nanostructurat TiO2-SiO2 (4:1)

dopat cu Cr (0.04 mol%)
	F06
	  Portocaliu de 
  metil, 
(Metiloranj MO Methylorange)
colorant azoic anionic
	2·10−5mol/l

(6.54 mg/l MO)

6 cm2 film de catalizator
	300-500 nm
	Dupa 180' descompunerea fotocatalitica a MO a fost de ~38% peTiO2, ~60% pe TiO2-SiO2 si de ~70% pe TiO2-SiO2(Cr)

	TiO2-SiO2 mezoporos

(raport atomic
 Ti/Si ~ 0.6)
	F07
	
	20 mg/l MO

1 g/l catal.
	So-lara natu-rala
	Cea mai eficienta a fost proba calcinata la 800°C (TiO2 anatas + aSiO2) dupa 48 ore (2880') de expunere

	TiO2 modificat cu SiO2 

(rapoarte SiO2 la TiO2 de 0; 0.05; 0.1 
	F08
	
	20 mg/l MO

1 g/l catal.
± 0.01M KIO4, (NH4)2S2O8, sau H2O2
	UV
365 nm
	A fost determinata si scaderea Continutului Total de Carbon TOC; 93% din fotodegradarea MO a avut loc dupa 90', dar TOC a scazut doar cu 33%. Compozitul cu raport 0.1 si calcinat la 550°C (doar anatas) fost de 1.56 de ori mai activ decat Degussa P25. Aditia de subst. oxidante imbuna-tateste/grabeste degradarea MO

	Compozit nanometric TiO2/SiO2
	F09
	Rosu Congo (Congo Red CR)/ colorant bisazoic 
benzidinic anionic
	5 ppm  CR
0.5 g/l catal. 


	UV-C 
100...280 nm
	CR se adsoarbe puternic pe suprafata nanocompozitului.
Probele calcinate la 800 si 1000°C sunt mai putin performante decat Degussa P25

	Nanosfere mezoporoase de SiO2 acoperite de nanocristale de TiO2 
	F10
	Fenol (compus hidroxilic aromatic)
	50 mg/l fenol
273 mg/l catal.

Lampa cu vapori   de Hg>>>
	UV 
? nm


	Fotodegradare totala (100%)  a fenolului dupa 180' la folosirea m-SiO2/TiO2.  In conditii similare folosind Degussa P25 dupa 180' fotodegradarea a fost de doar 68%

	Nanoparticule hidrofobe  de TiO2-SiO2 dopate cu Eu
Hidrofibicitatea este data de existenta grupelor CH3 
	F11
	Rodamina B (Rhodamine B, RB) /colorant cationic trifenilmetanic
	10 mg/l
?  g/l catal.


	Vizi-bila 

>420
nm
	Eficienta decolorarii de 85.6% a fost atinsa dupa 180' , mult mai perfor-mant decat proba nedopata sau Degussa P25 in aceleasi conditii
Are loc si deetilarea fotoindusa a RB

	Particule submicro-nice de TiO2 mezo-poros + nanoparti-cule de hematit sub forma de  coloido-zomi 
	M01
	Oranj II OrangeII (CI Acid Orange 7) colorant azoic anionic
	2·10−5mol/l colorant OII

1 g/l catal. 


	UV

254 nm
	Absorbtia colorantului OII pe compozitul mezoporos magnetic de 18.5 μg/mg.  Dupa 30' conversia a fost de 40% faţa de 80% pentru compozitul fara fier

	Nanoparticule

Fe3O4 in matrice de SiO2 si acope-rite cu TiO2
	MF
01
	Albastru de Metilen MB/colorant cationic  fenotiazinic
	1000  ppb MB

0.5 g/l catal.

Ms = 9.8 emu/g
	UV

~350 nm
	Suplimentar barbotare  de O2; Decolorare 97%; Eficienta mineralizarii ~30% (Degussa P25 decolorare 99.6%; mineralizare 43.2%)

	Nanoparticule Fe3O4@ TiO2 (cal-ci-nate la 450 sau 550°C timp de 0.3; 0.6;1;2;3;4;5 ore)
	MF

02

MF

03
	Sucroza (zaharoza)
	?

pH=3.5
	UV

~350 nm
	Masurarea fotogenerarii CO2; Sistemele oxid de fier-titania prezinta o fotoactivitate mai scazuta decat TiO2 monofazic sau Degussa P25

	Nanoparticule compozite de tip

Fe3O4/SiO2/TiO2
	MF

04
	
	25 µg C sub forma de sucroza

0.2 g/l catal. 

pH=3.5
	UV

~350 nm
	Stratul intermediar de SiO2 pasivant previne fotodisocirea catalizatorului prin impiedicarea interactiei Fe3O4 cu TiO2

Performante asemanatoare cuTiO2 monofazic si putin mai slab fotocata-lizator fata deTiO2 Degussa P25

	Nanocompozite Fe3O4/SiO2/TiO2
cu titania amorfa sau cristalina
	MF

05
	
	25 sau 100 µg C sub forma de sucroza

0.02 wt.%catal.
	UV

~350 nm
	Ambele nanocompozite au activitate fotocatalitica putin mai slaba decat Degussa P25

	Nanoparticule sfe-roiale de TiO2 do-pat cu Fe (Fe/Ti= 0.05) prin piroliza in jet (spray)
	MF

06
	Acid Oxalic
	10 ppm C sub forma de AO

1 g/l catal.

pH =3.25±0.25
	Vizi-bila

>400 nm
	Eficienta a fost de 6.4 ori mai mare decat TiO2 nedopat obtinut prin aceeasi tehnica sau Degussa P25

	Nanocompozit Fe3O4@TiO2

	MF

07
	Rosu neutru (Neu-tral Red)/ colorant fenazinic (Tolu-ylene red, Basic Red 5, C.I. 50040)
	10 mg/l RN

0.285 g/l catal.

Ms = 32 emu/g
	Vizi-bila

>400 nm
	Degradare totala dupa cca 120 min. Mai performant in aceste conditii decat Degussa P25

	Nanocompozit TiO2/SiO2/γ Fe2O3
(TSF) ce foloseste nanoparticule Degussa P25 depu-se pe miez de γFe2O3 acoperit cu SiO2
	MF

08
	Fluoresceina (Fluorescein FSC), colorant  xantenic;
Orange II sau
Red Acid G ,

coloranti azoici anionici
	0.132 g/l  FSC

0.350  g/l  OII

0.25 g/l  RAG

1 g/l catal.

sau 2 g/l pt. re-ciclare 
pH = 6
	Vizi-bil
>450 nm

sau 
UV
	Fotodegradarea Fluoresceinei si a colorantului Orange II in suspensia de TSF fost mult mai rapida decat in prezenta compozitului binar fara silice, atat in Vizibil, cat si in UV.TSF si-a dovedit reciclabilitatea dupa 4 cicluri in fotodegradarea colorantului Red Acid G. TSF are o activitate fotodegradanta putin mai redusa decat Degussa P25 in UV

	Nanoparticule de TiO2 dopate cu Fe(III)
	MF

09
	  Portocaliu de 

  metil, 

(Metiloranj MO Methylorange)

colorant azoic anionic
	6.32 μ g/l  MO 
0.5 g/l catal. 

Lampa cu vapori de Hg emite pe 300, 316, 365 , /405 si 436 nm 
	Vizi-bil

(violeta)

sau 
UV
	In lumina UV, dupa 120' cele mai eficent fotocatalizator a fost TiO2 nedopat (conversie 100%) urmat de cel dopat cu 10% Fe (conversie 70%) La iradierea cu lumina vizibila (violet) cel mai eficient  (conversie 60% dupa 120') a fost TiO2 dopat cu 1%Fe 

	Nanocristale de TiO2 codopate cu Co si Fe
	MF
10
	Rodamina B (Rhodamine B, RB) /colorant cationic trifenilmetanic
	20 mg/l RB
1 g/l catal.

VIZ : Lampa Xe+ NaNO2 aq. >>>>

UV: Lampa cu vap. de Hg 320..365 nm>>>
	Vizi-bil

>410 nm

sau 

UV
	Monodoparea cu Fe a avut un effect negastiv asupra fotoactivitatii in vizibil. Proba co-dopata cu 0.1%Fe si 0.4%Co a avut cea mai mare foto-eficienta in vizibil (65% eficienta dupa 240’) dar si in UV (28% eficienta dupa 180’)


To directly compare the data  from  literature concerning these photocatalytic systems between the different reports and with those obtained by us during the project is very difficult because on the one hand various set-up configurations, various concentrations of photocatalyst and organic photodegradable substances (pollutants) and  different wavelengths of the UV and / or visible irradiation were used. Even for the same dye Methyl Orange used by us in the last test, different concentrations were employed and in one case and the  is deposited on the solid support and not suspended, and the time of irradiation report are also different, reaching up to 48 hours. Often used as a reference is the photocatalytic pure titanium dioxide nanopowder commercially available (obtained by flame) named Degussa(Evonik) P25 which has the majority anatase phase. Compared to reference [F06] where nanocomposite TiO2, SiO2 deposited as a film , after  60 minutes the rate of photolysis of MO to UV light was about 23%, for our  if ITPH19 was about 14% and about 17%, for ITPH21and initial concentration of dye Methyl Orange used by us was 26 mg / l wherea the initial concentration used by them was four times lower (6.5 mg / l). Another report [FO8] shows after 60 minutes a photocatalytic degradation of MO of about 80% to by using an initioal concentration  of dye 20mg / l (close to 24 mg / l used by us), but using 1000 mg / l photocatalyst, 40 times more concentrated than our photocatalysis experiments. Moreover, it seems that relatively short time, byproducts of photolysis dye intermediates MO mineralizes not fast enough, so after 60 min in terms of their overall carbon content decreased by only 15%.

Also, the project was initiate preliminary experiments using another tetravalent element toreplace the silicon in nanocomposites with titanium dioxide, which is tin. Initial results were encouraging, as reported in posters and in submitted manuscript.
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