Synthesis nanostructured TiO2, Master Plate Preparation and Characterization of nanostructured solar cells 

The proposed visit is part of the collaboration between the laboratories of ECN (Energy research Centre of the Netherlands) at Dept. Solar Energy and Prof. Juan Bisquert at UJI Castelló on the preparation of master plate dye-sensitized solar cells and synthesis of nanostructured TiO2 paste. In this visit to ECN Dr. Eva Mª Barea will prepare a number of high quality dye solar cell devices in different configurations, using liquid electrolytes, ionic liquids, and some kinds of TiO2 paste, under the guidance of Dr. Jan M Kroon. The performance of the devices will be tested initially at ECN and thereafter more detailed measurements will be done at UJI, including impedance spectroscopy and long term stability test. The major aim of the work is to establish the factors improving long term stability of the master plate solar cells as well as the recombination mechanisms in the different configurations.

The work carry out during the visit  (15 days – two weeks)  at ECN, can be separate in two lines:

a) Hydrothermal Synthesis of nanostructures TiO2: 
Nanocrystalline titanium dioxide colloids have been synthesized using a sol-gel technique followed by growth under hydrothermal conditions in a basic environment at temperatures between 190 and 270 °C. Thin films have been made from aqueous suspensions of these colloids. X-ray analysis showed the colloids to be primarily the anatase crystal phase (*).
Applications of titanium dioxide colloids and thin films are numerous, including photovoltaic, electrochromic, photochromic, electroluminescence, and catalytic devices and sensors. Recently, sol-gel synthesis of nanocrystalline titanium dioxide and templated amorphous titanium dioxide have been explored by many research groups. 
(*) It is not possible to show the DRX because I singed a confidential agreement with the company ECN and this information I am not allow to show.
We have synthesised a basic environment because in ECN they are expert in this methodology, and for future collaborations will be easy introduce modification in this synthesis method.

The synthesis carry out during the visit is explain above:

Titanium(IV) isopropoxide (162 mL (0.5 mol),Fluka) was rapidly added to distilled water (290 mL (15.5 mol)) and then stirred for 1 h. A white precipitate formed immediately upon addition of the titanium(IV) isopropoxide. The resultant colloid was filtered using a glass frit and washed three times with 50 mL of distilled water. The filter cake was added to a Teflon-lined titanium autoclave containing 30 mL of either a 0.6 M tetramethylammonium hydroxide (Fluka) or a 0.7 M ammonium hydroxide solution to form a white slurry.

The pH of the colloidal solution after addition of base was measured to be between 7 and 8 with pH paper. Peptization in the presence of tetramethylammonium hydroxide occurred after heating the product at 100-135 °C ( Table 1) for overnight modifying the step temperatures in order to change the peptization conditions. Syntheses with ammonium hydroxide did not bring about complete peptization, even after heating at 100-135 °C for periods up to 16 h, and resulted in a milky-white nonviscous solution. The suspensions which resulted from peptization were treated hydrothermally in the autoclave at temperatures ranging from 190 to 270 °C for 4.5 – 10 h (Table 1). Following growth, the resultant colloidal suspensions were milky white and had a faint fishy odor, indicating some degradation of the tetramethylammonium hydroxide to an amine form. The pH of the resultant colloidal suspension was measured to be between 13 and 13.5. These suspensions were concentrated to form aqueous solutions containing 20 - 45% solids. After that the aqueous solution was mixed with ethanol to convert aqueous solution to ethanol solution. Preparation of Screen-Printing Pastes. The TiO2 colloid in ethanol was mixed with terpineol and a solution of ethyl cellulose in ethanol in different ratios in order to modify the synthesis and obtain different TiO2 paste characteristics (Table 1).
Table 1
	Synthesis number
	Peptization Tª/ step/ time
	Hydrothermal Tª ranging
	Screen Printing Pastes Preparation*

	1
	100/ (3º/mim)/ 16h
	190-230 -270ºC
	2-80%Terpineol
1-40% EC

	2
	100/ (8º/mim)/ 16h
	190-230 -270ºC
	2-80%Terpineol

1-40% EC

	3
	100/ (15º/mim)/ 16h
	190-230 -270ºC
	2-80%Terpineol

1-40% EC

	4
	130/(3º/mim)/ 16h
	190-230 -270ºC
	2-80%Terpineol

1-40% EC

	5
	130/(8º/mim)/ 16h
	190-230 -270ºC
	2-80%Terpineol

1-40% EC

	6
	130/(15º/mim)/ 16h
	190-230 -270ºC
	2-80%Terpineol

1-40% EC


* The range is confidential for future publications, for this reason it is show a wide range of rates. EC is Ethyl Cellulose.
b) Masterplate: 
The plates consist of five individual cells of 5x0.8 cm2 on a common SnO2:F-glass substrate. TiO2 layers are deposited by screen printing. A screen printing silver strip on each side of each cell ensures proper current collection within the master plate. Also, SnO2:F-glass substrate coated by screen printing with a thin pyrolytic platinum layer are used as the counter-electrodes. Both electrodes are fired at 500ºC for 30 min. Glass frit is used as a sealing material for cells at 650ºC for several minutes. After sealing the masterplate a monolayer of a sensitizing dye is adsorbed on the nanocrystalline oxide film using a Dye machine that  recirculate the Dye solution and heat it around 40ºC, this treatment takes around 4 hours. After this treatment the space between the electrodes and the voids between the TiO2 particles are filled with an electrolyte, containing a redox couple, usually iodide/triiodide (I-/I3-) in a non-viscous organic solvent ( the solvent used were pure propionitrile)
Part of the processing of this type of master plate is briefly described:.

1. Preparation of the glass

2. TiO2 colloids and paste preparation

3. Screen-printing of active layers

4. Drying and firing

5. Sealing and foil attachment

6. Coloration

7. Lamination

8. Filling and hole closure

9. Wiring and framing

The main result obtained are:

· Synthesis of TiO2 nanoparticules in basic media.
· Preparation of Masterplates. 

· Sealing method.

· Synthesis of new metal oxide nanoparticles.(confidential)

After the visit many future collaboration are applicable due to the necessity of the deep characterization and the long term stability test that must to be carry out in Masterplates devices using Impedance Spectroscopy. These studies will be made in University of Castellon, were there are the tools and the knowledge for this study. Using impedance we study the stability of the Masterplates and the recombination mechanisms in the different configurations. After that we can establish a model in order to describe why and which are the factors that decrease the efficiency in the different configuration devices. And which are the main points to improve in the future in order to obtain high long time stability.  

When the impedance study will be finish in University of Castellon one or two articles may be publish.
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