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Executive summary 
 

The purpose of the project was:  
 

 Develop further an existing coating process for ceramic tiles 
 

 Achieve new functional properties for the ceramic tiles 
 

 Survey commercialization of the method  
 
 
The study has achieved this aim by: 
 

 Improving the functionality of the tiles 
 

 Finding a process window for the technique 
 

 Giving suggestion of how to achieve commercialization in future 
 
 
Method 
 
In this project, a variety of ceramic t iles were coated with titanium oxide-silver nanoparticles. The 
goal was to achieve a smooth thin coating with a functional performance, with both photocatalytic 
and antibacterial properties. A fine quality multicomponent nanocoating was fabricated on the tiles, 
and a vast amount of scientific analysis of the nanoparticles from the process and of the particles on 
the coating were performed. State-of-art analysis were used both on characterizing the surfaces and 
testing t he o pacity and functionality of the co atings. Also a nove l technique was de veloped for 
determination of the depth profile of the coating. 
 
The practical objectives for the project have been: 
 

 Optimising the process parameters for a single-step flame based process, where silver 
(Ag) and titanium oxide (TiO2) binary nanoparticles are generated and deposited on a glass 
or tile surface. 

 
 Designing the process equipment for industrial production 
 

 Testing the end products  
 

 End user feedback 
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Main results from the quantitative study: 
 

 Titania – silver nanocomposite coatings were successfully produced in an industrial 
scale on commercial ceramic tiles and float glass 

 
 Coatings were optimized so that the surface coverage was 100 % 

 
 Coatings are composed of titania nanoparticles of 10-20 nm and silver nanoparticles of 

1-3 nm (1 wt-% of titania) which are attached  on the surface of titania spheres and are 
also separately in the coating 

 
 The crystal form of titania includes both anatase and rutile and the crystal phase is not 

size dependent 
 
 Method of analyzing the depth profile of the coating was developed 
 
 Verification o f t he functionality o f t he fabricated t hin co atings turned out to be 

challenging. The coat ed surfaces were hydrophobic, and became hydro philic with UV-
illumination. The coatings were photocatalytic, but the obtained photocatalytic reaction 
rate coefficients were smaller than originally expected. Also, it turned out that standard 
testing procedures for the capability of the prepared surfaces for biofilm removal, do not 
presently exist for thin films. The obtained biofilm removal rates were low. 

 
 The coatings were capable of decomposing methylene blue, although the decomposition 

rates were relatively low. However this was expected from the previous work with 
stainless surfaces 

 
 Water contact angle was increased on the coated surfaces and UV-light decreases the 

contact angle 
 

 The core partners of the project still continue co-operation. Of the material of the 
project, one M.Sc. Thesis, One Ph.D. thesis, and preparation for two other Ph.D.-theses 
were accomplished during the project.   
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The following conclusions can be drawn from the results of the study: 
 

 The sur faces fabricated were functional, but the e ffect was t oo small for an acco mplished 
industrial product.  

 
 Optimization of multi-functionality and transparency will be challenging 

 
 Development of functional coatings is an on-going branch of R&D in this area of 

nanotechnology. Since improvement for the functionality was achieved and a clear process 
window was determined, his project will help similar development in the future. 

 
 
Recommendations for continued studies: 
 

 Coating thickness needs to be increased to achieve strength of functionality 
 

 For commercial breakthrough, t he a mount o f the nanomaterial (TiO2 + Ag)  on  the  surface  
needs to be increased, but still, the coating must be transparent.  

 
 This topic, i.e. how to maintain the t ransparency o f the coating, still requires research and 

development.  
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Introduction 
 

 

Products with self-cleaning and/or antibacterial surfaces include self-cleaning windows hydrophilic 
ceramic tiles and antibacterial re frigerators.  Processes for generating titanium d ioxide based 
photocatalytic sur faces and s ilver based a ntibacterial surfaces are known. F innish company Beneq 
Oy  (merged  with  former  ABR  Innova  Oy)  provides  technology  and  equipment  for  production  of  
self-cleaning sur faces, namely technique labeled nHALO. T heir customers s how gro wing interest 
on improved t echnology for p roducing su ch surfaces, her e a flame-based nanoparticle depo sition 
process, commonly  
 
In the L iquid F lame Spra y (LFS) method, t he precursor li quid is sprayed into t he H 2-O2 flame. 
Compared  to  other  methods  for  nanoparticle  generation,  the  cost  efficiency  of  flame processes  is  
relatively high. The LFS was first used in the colouring of glass surfaces The additional heat from 
the flame is useful in t he glass sur face processing. Experimental results on the LFS characteristics 
have been shown producing Al2O3, metal particles such as silver, palladium and iron oxide and also 
silica and Ag-Pd alloy part icles. Also ceramic t itania n anoparticles for co ating app lications w ere 
produced recently. In the most recent article (Keskinen et al. 2006), silver-titania composite particle 
generation has been studied and its potential for hybrid surface fabrication has been discussed. This 
recent research at Tampere University of Technology (Keskinen et .al. 2004,  Mäkelä et . al. 2006) 
has lead to a flame-based process for production of surfaces where self-cleaning photocatalytic and 
antibacterial properties are co mbined, and can be manufactured in a single-step process (Keskinen 
et al.. 2006). The results show that the functionality of such coatings is out standing. However, in 
order to successfully commercialize this process, in-depth co -operation bet ween na noparticle 
generation, industrial coating development and end-product quality specification is required. 

 
 

Figure 1. A schematic of applying Liquid Flame Spray process for particle deposition on surface.  
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Background 
 

In t he FUN COAT project, t he g oal was to do research in order to commercialise an industrial 
coating process for glass and glazed surfaces. For this we studied the operational parameters to find 
an optimal process window. From the previous stud ies, we know that when using a Liquid Flame 
Spray (LFS) method with titania and silver precursors, we can generat e a surface coating with both 
photocatalytic and antibacterial properties (Keskinen et al., 2007). Those previous results show that 
the functionality of such co atings is go od. However, in order to successfully commercialise this 
process, in-depth co-operation between nanoparticle generation, industrial coating development and 
end-product quality specification was required. 
 

.  
Figure 2. Schematic of t he pr ocess. From l eft: heating zone, flame zo ne, cooling 
zone. (Taken from homepage of Beneq Ltd) 

 
 
As is shown i n Figure 2., the industrial coating process contains pre-heating of the substrates to be 
coated, flame processing by LFS/nHALO, and finally cooling down of the hot tiles. In the first part 
of the wo rk, we searched for o ptimal te mperature o f the substrates and o ptimal f lame pro cessing 
parameters for the technique. 
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Development 
 

TUT/Aerosol has already previous knowledge of TiO2/Ag anti-microbial surfaces. The knowledge 
was used in order to obtain the property on a totally different material, ceramic t ile. Ceramic t iles 
differ from stainless steel surfaces in many ways. The most important difference is that the coating 
process needs to be m ade in an oven in order to av oid t ensions in ceramic tiles and g lazings. The 
heat-up an cool-down process is the key for producing tiles of good quality. Also the surface of the 
tiles is much d ifferent from st ainless steel. Tiles are glazed. The glazing is molten d uring the 
coating process. Theref ore, nanoparticles go inside t he surface a s well. D issolving silver in t he 
glazing needs to be avoided, because silver produces yellowish colour in the glass. 
 
The devel opment of the pr oduct started f rom searching t he o ptimal pro cessing w indow f or the 
coatings. We stu died several differe nt parameters including co ating t emperature, burner d istance, 
precursor  mass  flow  and  concentration.  Coatings  were  applied  on  different  substrates.  We  chose  
commercial sanitary ceramics from IDO Bathroom and research sanitary tile from Åbo Akademi as 
substrates for the study. Several samples were pre pared and water contact angle test was chosen to 
be t he standard method for choosing t he best parameters in the chase for parameter window. 
Hypothesis wa s t hat hydrophilic sur faces ar e t he ones t hat have the best performance. Therefore, 
water contact angle estimation by bare eye was a quick and cost efficient way to browse through the 
many d ifferent samples. T he best performing p arameters wer e c hosen f or future studies. Also, 
yellow colour due to silver was avoided in the best performing tiles. 
 
The substrates were co ated w ith TiO2-Ag nanoparticles us ing LFS/nHALO. After processing and 
cooling, the samples have been wiped/cleaned systematically with cloth and isopropanol to remove 
the ex cess nano particles from the surface. All the surfaces wer e a nalysed us ing various t ests in 
order to investigate the coating morphology and performance. 
 
 

a  b  c  
 
Figure 3 a, b, c.   The tray on which the sample substrates are transported through the flame. Figs b 
&  c. The coated samples are moved from the tray into the cooling furnace. 
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Figure 4 The cooling furnace with some  Figure 5. Samples in water contact angle 
samples in it. (Beneq Oy)   test. (Beneq Oy) 
 

Matrix for the experiments 
 
In the beginning part o f the project, a large variety of different process parameters was sur veyed. 
On the original measurement matrix, several values and their combinations were included 
 
1) Process temperatures:   500, 550, 600, 650 ºC 

This is the temperature of the substrate (measured by pyrometer)  
before entering into the flame.  Note, that the flame also heats up the sample. 

 
2) Liquid precursor feed rate, 5 - 10 ml/min;   

precursor concentration to fulfil production  rates of  
50 & 25 mg/min for TiO2,  plus Ag in 1wt % of TiO2. 

 
3)  Gas flows of O2/H2/N2  in the order of  20/40/15 l/min. 
 
4) Distance between torch head and substrate varied between 130-170 mm 
 
5) Substrates 
 Float glass (F) (presently as a test reference),  

Ceramic tiles: Pukkila Glossy (K), Pukkila Matt (M),  
IDO Glossy (IDO),  ÅA Matt (3A) 

 
Later on in the project the matrix was compressed into a co ncise set , shown in Table 1. Also , the 
number  of  surfaces  were  decreased  to  3:   Float  glass  (F)  reference,  IDO Glossy  (IDO)  and    ÅA 
Matt (3A). 
 
Table 1. Settings for the 4 core samples of the project. 
 
Process temperature \    Distance from burner 130 mm 170 mm 
500 ºC Sample 3 Sample 2 
600 ºC Sample 4 Sample 1 
 
All the samples were later on prepared along with this set.  
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Analysis 
 

Nanoparticles from flame 
 

In the act ual coating process with LFS/nHALO, the nanoparticles are first formed in the gas phase 
and  then  deposited  onto  the  surface  (e.g.  Mäkelä  et  al  2006).   Therefore  we have  a  possibility  to  
sample the nanoparticles from the flame using a specially designed collector (Aromaa et al. 2007).  
 
TEM analysis showed t hat t he par ticulate matter generat ed by t he liquid flame spray consis ts o f  
TiO2 nanoparticles of around 10-20 nm (Fig. 6). According to the selected area electron diffraction 
(SAED), the titanium dioxide is crystalline and consists o f both anatase and rutile. In the samples, 
also smaller silver particles of 1-3 nm were found, which lie on top of the titania particles (Fig 7-9). 
Also separate Ag nanoparticles (dp = 1-3 nm ) were found on the carbon film. This means that the 
silver is not only on top of titania. Thirdly, as is known from the general analysis of the flame spray 
techniques, also somewhat larger titania particles, r esidual par ticles ca n be found in t he flame. 
These particles are known to remain when each primary spray droplet is evaporated but a small core 
particle remains, with size around 50 – 200 nm (Fig  12). 
 
It is known, that the nanoparticle size can be controlled varying the mass flow rate of the precursors 
(Mäkelä et al. 2004), which again relates to particle production rate.  
 

a  b  c  
Figure 6.a, b and c. O verall TEM-graph of the n anoparticles collected f rom the f lame before 
entering the surface of the ceramic tiles.  The particles are located on the Carbon film supported by 
a Cu-grid. The spherical particles in between the nanoparticles are r esidual particles, i.e. remaining 
original liquid dro plets, c onverted vie liquid-to-solid react ions. S mall dark do ts i n Figure 6c ar e 
silver (TUT) 
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Figure 7. Titania particle (dp >10nm) with small silver particles (darker ones) on top (TUT) 
 
TEM analysis detected the silver particles verifiably (Fig 8 and 9).  Also the crystalline form of the 
titania particles was investigated. We noted that there are also small titania particles (dp < 20 nm) of 
rutile (Fig. 10). This is very r are as the crystalline form o f t itania in small p articles favours 
anatase(Fig. 11). 
 

 
 

Figure 8. High Angle Annular Dark Field  Figure 9. TEM image of  a separate 
Image of the TiO2-Ag  nanocomposite silver particle. (bar = 5 nm) (LTH) 
Particles (Ag small bright spots) (LTH) 
 

5 nm5 nm

Ag

10 nm



8 
 

 
 
Figure 10. TEM image of rutile Figure  Figure 11. TEM image of anatase  
[100] particle (LTH) [100] particle (LTH) 
 
As a result of the analysis, the titania particles can be divided to three size modes: 
 

1) Particles of ~ 10 nm, The actual na noparticles which cover the surface and contribute 
mostly to the photoactivity. Contain mainly anatase. 

 
2) Particles of  ~ 100 nm. The spherical particles in e.g. figure 6. According to our recent 

paper, these are residual particles formed by liquid to solid reactions, the contain mainly 
rutile. 

 
3) Particles of  1-10 µm.  The ‘w hite’ larger part icles (see e.g. F igure 20). Assumed to be 

either generated from l arge agglomerates t ransported t hrough t he flame o r from the 
largest droplets from the spra y. When real ized, this feat ure was t aken care o f and t he 
extra particles were eliminated from the process during this project. 

 

Fiqure  12.  A  schematic  particle  number  size  distribution  of  the  three  different  modes  of  titania  
particles  generated  by  LFS.  The  few  nanometer  sized  silver  particles,  smaller  than  Mode  1,  will  
form a fourth mode in the process. 
 
All of these are mostly titania. Small silver particles were not visible all the graphs, especially SEM 
graphs. But they c ould be seen u sing t he high r esolution TEM. We a lso see t he s ilver in t he 
elementary  analysis  (EDS)  combined  with  the  transmission  electron  microscope  (TEM)  for  the  

5 nm5 nm5 nm



9 
 

samples taken from the flame. But, the ceramic t iles are d ifficult, since they contain quite much of 
aluminum,  which  disturbs  detection  of  silver.   To  see  the  really  nanosized  silver  particles  on  the  
substrates, is an extremely challenging task.  
 

Structure of coatings 
 
Overall look at the coated samples. 
 
Plain f loat glass samples were coated in o rder to have a re ference for t he ceramic t iles. The float 
glass samples a lso provide information how the actual glaze wi ll be coated. Therefore, t he coated 
float glass samples were analyzed for optical properties. Some of the coating parameters create little 
opacity on the g lass (Fig. 13). The transmission of the light is therefore greatly varied in samples. 
This might be due to larger amount of titania particles in t he co atings. Ho wever, most o f the 
samples are quite clear. 
 

Transmission Measurements
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Figure 13. Different opacities of the  Figure 14. Transmission of light 
coated samples. (Glafo) in different samples. (Glafo) 
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Figure 15. a,b,c & d. Sample 1   IDO-1 (IceTec) 
 
 

   

    
Figure 16. a,b,c & d. Sample 2   IDO-2 (IceTec) 
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Figure 17. a,b,c & d. Sample 3   IDO-3 (IceTec) 

       

    
 
Figure 18. a,b,c & d. Sample 4   IDO-4 (IceTec) 
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Also the SEM analysis shows that the coating covers 100 % of the surface (Fig. 19). The particles 
are aro und 10- 20 nm and t here ar e so me larger residual part icles o f 50-200 nm. The sur face is 
totally covered with this cauliflower-shaped particulate matter even after wiping the surface in order 
to remove t he loose par ticles. Therefore, it can be said t hat t he co ating is wel l at tached o n t he 
surface.  EDS analysis of the coatings showed even percentages of Ti and O all  over the samples.  
This  result  tells  that  the  coatings  really  consist  of  titanium  dioxide  as  the  TEM  analysis  of  
individual part icles suggested. The nanocoating can be o bserved also in F igure 20 as a t hin 
background  all over the analyzed area. 
 

  
Figure 19. Cauliflower-shaped TiO2 coating  Figure 20. Large over micron sized 
of 100 % coverage. (ÅA)   TiO2 particle. (ÅA) 
 
In t he first test run, t here were o ver micron si zed p articles e very h ere and t here in the sa mple 
detected by SEM (Fig 20). T hese large part icles were formed via hydrolysis o f precursor solution 
before u sage. A sieve for 1 u m was installed in the liquid line and t his r emoved all t hese o ver 
micron sized particles in the coatings in test runs 2 and 3. SEM graphs show the morphology of the 
tile surface. These results are demonstrated by Figures 21, 22 and 23. 

 
 
Figure 21. A large magnicifation showing the nanoparticle co verage o f the surface o f 3A-sample 
(special glaze developed in ÅA). In the middle, one spherical ‘residual particle’ is seen, having also 
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been co ated b y smaller nanoparticles. Note, silver particles are pr esent here, but not v isible for 
SEM.  (ÅA) 

 
Figure 22. SEM-graph. T he white large cr ystals are z irconia, used in t he g laze. Some r esidual 
particles have been identified to contain Titanium (Ti) (ÅA) 

 
Figure 23. A smaller magnification. The micronsized larger particles are visible as white spots.(ÅA) 
 
Based on the experiments, it can be stated that the matt surfaces collect particles more efficiently 
than the glossy surfaces.  Even glossy surfaces do have material attached on them.  
 
Microscopy (SEM) with elemental analysis (EDS)  shows : 
 -  little amount of titanium 
 -  but no visible peak of silver (1% wt of TiO2)   
 -  => amount of deposit small 
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Performance of the Product 
 
Water contact angle  
 
The co ating increases hydrophobicity o f the surfaces. Water contact angle t ests s howed t hat t he 
contact angle is increased by 20 ° in the coated samples compared with the reference tiles (Fig. 24). 
Also in so me co ating par ameters t he co ntact angle wa s decr eases below t he r eference w hen t he 
sample was illuminated with UV-light (Fig. 26).   
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Figure 24. Water contact angles for different process parameters and tiles (TUT). 
 
The wat er co ntact angle o f the coatings was a lso measured as a function of time o f the UV-
illumination. As Figure 25 shows, the contact angle decreases with time. However the contact angle 
is still quite high, which is apparently due to the small amount of material on the surface. 

 
 
Figure 25. Contact angle as a function of time for varios coatings (ÅA) 
 
The  confocal  microscopy  analyses  reveal  that  the  surface  roughness  is  unaffected  by  the  coating  
process. In Figure 26, we present an average of 6 measurements. It can be seen that the surface of 
the til e is a s smooth as in the refere nce. The rough ness is a lthough so mewhat dependent o n the 
coating temperature as t he sur face has a slightly larger roughness in samples 1 a nd 4, w hich were 
coated in 600 °C compared with samples 2 and 3 which were co ated in 500 °C. Also the roughness 
is slightly smaller in cases 2 and 3 when compared with the reference. 
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Figure 26. Surface roughness of different coatings. (ÅA) 
 
 
Photocatalytic activity 
 
Methylene blue degradation t ests show that the coatings are capable o f degrading methylene blue 
(Fig. 27). However, the degradat ion rate is not very high compared to coatings by other methods. 
This is, again, due to the amount of the material in the coating. It is evident that the amount of the 
material on the sur face has a large impact on the degradation rate. In previous projects, these kinds 
of coatings have been app lied o n st ainless steel sur faces in laboratory s cale. Even t here, the 
methylene blue degradation rate has not been a good indicator of the bacteria reduction capability of 
the coatings. So, this does not mean that the coating cannot be of high-quality in photocatalysis. 
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Figure 27. Degradation rate constants for different coatings.(UH/LIC) 
 
Biofilm removal 
 
The model bacteria Pseudomonas Aeruginosa grows in wet conditions, as in s wimming pools. It is 
the main cause of eye infections for professional swimmers. In Finland the limit for the number of 
P. Aeruginosa ce lls in pu blic bat hs is zero (below det ection limi t) in or der to have goo d water 
quality. The bacteria is not previously used in testing these kinds of surfaces. Therefore, the growth 
conditions  had  to  be  optimized  for  the  surfaces.  In  the  first  samples  from  test  run  number  2,  the  
conditions were optimized on ordinary laboratory glass used in microscopy. However, the chemical 
composition of laboratory glass is different from the glazings. The bacteria grew well on laboratory 
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glass, but did not grow even on the non-coated reference sample. Thus, the coated samples did not 
have a chance to outshine the reference (Fig. 28). 
 

 
Figure 28. Biofilm reduction resul ts for t he coatings.(UH/MB) In both figures, the rightmost set  
denotes uncoated reference. 
 
 
One o f the essential benchmarks of the FUNCOAT-project was determination o f the antibacterial 
property of the prepared coatings. This turned out to be a challenging task.  In previous projects the 
liquid flame spray coat ed glass and even m etal surfaces were verified to be ant ibacterial by the 
known model bacterium used in biofilm destruction studies,  Deinococcus geothermalis (E50051). 
Thus, film of bacteria was removed when surfaces were exposed to UV-radiation. 
 
Deinococcus geothermalis, however, is not included a st andard pr ocedure f or surface t esting in 
ordinary bathroom use. Actually real standardized procedure does not even exist for these surfaces, 
yet.  There fore, more work should be targeted in creating a st andard for a biofilm removal method 
for analyzing thin films and nanocoatings. In t he FUNCOAT-project,  Pseudomonas aeruginosa 
(PAO1) was u sed- (DMSZ-base, transferred for the study from Germany). It is also us ed generally 
in biofilm research. In the tests, preparations were for ordinary float glass reference surfaces, where 
the attachment was maximized by searching optimal ferric ion concentration in water. It turned out, 
that in the same conditions with the FUNCOAT samples, the bacteria populations did not grow on 
the tiles in the first place, because of the non-optimal growth circumstances.   
 
This led us to search for pre-conditioning of the samples, extending even to attachment of extra dirt 
on the surfaces, to enable bacterial attachment prior to UV-treatment. 
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Coating Thickness 
 
A method of l eeching o f material was de veloped ( Fig 29) . By this method the dept h pro file o f 
coating and the amount of coating material in surface can be studied (Fig 30). The samples have a 
very thin layer of titania and silver on the surface.  
 

 
Figure 29. a) Background behind the depth analysis, b) Device and method to determine the amount 
of material in coatings on the float glass samples. (Glafo) 
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Figure 30. Results of the material analysis (Glafo) 
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Miscellaneous 
 
 

Contribution of partners  
 
Analyses: 
Tampere University of Technology: Co-ordination, sample preparation, overall analysis, 
TEM+EDS+SAED, Water contact angle 
 
Åbo Akademi University, Process Chemistry Centre, Overall analysis of the coatings, particle size, 
roughness (confocal microscopy , SEM, soiling tests. Supplying the ceramic tile materials 
 
Lund University: Nanoscale microscopy 
 
Glafo: Standard based tests on the tiles, depth profile analysis 
 
IceTech: AFM & SEM-analysis on the tiles 
 
University of Helsinki, Lab. Inorganic Chemistry: Tests for photocatalytic activity of surfaces 
 
University of Helsinki, Dept. Microbiology: Biofilm removal tests 
 
Micronova: Attachement and number density of nanoparticles on the tiles ‘in-situ’. 
The contribution of Micronova in the NICe project Funcoat: Micronova participated in the Funcoat project. They 
analysed TiO2-Ag coated silicon wafer samples. The goal was to obtain information about the attachment of the 
particles on the surface. The coated samples were cleaned by thoroughly wiping the surface with a cloth in order to 
remove the loosely adhered particles. Micronova analysed the samples using Scanning Electron Microscopy (SEM). It 
was assumed that the resolution of the SEM would be sufficiently high to distinguish separate particles on the surface. 
Micronova has developed a computational model to get the surface coverage of the particles from a SEM image. The 
coating consisted of such small particles that the resolution of the SEM was not sufficient enough to get high quality 
images for the computational model and therefore the analysis failed. After noticing that that the task was beyond the 
performance of the device and method, and the results would not be of sufficient quality, they decided to suspend from 
the project. 
 
 

Company contribution: 
 
Beneq Ltd:  Coating process, precursors 
 
IDO Bathroom:  Supplying the ceramic tile materials  
 
Crystal Fibre:  Burner improvement via a ceramic nozzle 
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Publication activities 
 
Conference papers 
 

1. J.M. Mäkelä, H. Keskinen, M. Aromaa, L . Hupa, M. P iispanen, K. Deppert, S. P ersson, M. L ang, G. 
Gunnarsson, J. Pimenoff, T. Kronberg, V. Pore, M. Ritala, M. Leskelä, M. Raulio, M.S. Salkinoja-Salonen 
and V.-M. Airaksinen, A Nordic project on enhanced functionality o f s elf-cleaning an d an tibacterial 
ceramic-metal surface coatings (FUNCOAT), Abstract to Nanotech Northern Europe, 27.-29 March 2007, 
Helsinki, Finland. 

2. J.M. Mäkelä, H. Keskinen, M. Aromaa,  L. H upa, M. Piispanen, K. Deppert, S. P ersson, M. Lang, G. 
Gunnarsson, J. Pimenoff, T. Kronberg, V. Pore, M. Ritala, M. Leskelä, M. Raulio, M.S. Salkinoja-Salonen 
and V.-M. Airaksinen, A Nordic project on enhanced functionality o f s elf-cleaning an d an tibacterial 
surface coatings (FUNCOAT), Abstract to European Ceramic Society, 17.-21.6.2007, Berlin, Germany 

3. M. Lang et al. Poster at NGF ("Nordic" Society for Glass Technology) week 21/07, Sweden. 
4. M.  Aromaa,  H.  Keskinen,  J.M.  Mäkelä,  M.  Piispanen,  L.  Hupa,  K.  Deppert,  S.  Persson,  M.  Lang,  P.  

Sandberg,  G.  Gunnarsson,  J.  Pimenoff,  T.  Kronberg,  V.  Pore,  M.  Ritala,  M.  Leskelä,  and  M.  Raulio,  
Characterisation of industrial aerosol nanoparticle generation process, Abstract to European Aerosol 
Conference, 9.-14.9.2007 Salzburg, Austria 

5. J.M.  Mäkelä,  H.  Keskinen,  M.  Aromaa  and  J.Pimenoff  Liquid  flame  spray  method  to  generate  thin  
nanoparticle coatings, Abstract to Nanotech Russia, 12.-13.9.2007, Helsinki, Finland 

6. M. Aromaa, H.Keskinen, J.M. Mäkelä an d J. Pimenoff, Thin nanoparticle coa tings gen erated by Liquid 
Flame Spray method, Abstract to European Materials Research Society Fall Meeting 2006, 17.-21.9.2007 
Warsaw, Poland 

7. M. Aromaa, J.M. Mäkelä, H. Keskinen, M. Piispanen, L . Hupa, K. Deppert, J.B. Wagner, L.R. 
Wallenberg, J. Pimenoff, M. Lang, S. Persson, P. Sundberg, T. Kronberg, V. Pore, M. Heikkilä, M. Ritala, 
M. Leskelä, M. R aulio, M.S . Salkinoja-Salonen and V.-M. Airaksinen, Optimization Of An Industrial 
Aerosol Nanoparticle Ge neration Process For Creating Pho tocatalytic And Anti-Microbial Coatings, 
Abstract to AIChE (American Institute of Chemical Engineers) Annual Meeting, 4.-9.11.2007, Salt Lake 
City, Utah, USA 

8. M. Piispanen, M. Aromaa, H. Keskinen, M. Raulio, S. Areva, J.M. Mäkelä, M.S. Salkinoja-Salonen and 
L. Hupa Liquid F lame Spray and sol-gel  titania coatings on glass with self-cleaning and bactericidal 
properties, Ab stract to T he I nternational Conference o n Co ating o n Glass and Pl astic (IC CG7), 15.-
19.6.2008, Eindhoven, The Netherlands. 

 
Theses 
PhD Helmi Keskinen, Tampere University of Technology, Institute of Physics, (June 2007) (part ly 
FUNCOAT) 
M.Sc. Mikko Aromaa, Tampere University of Technology, Institute of Physics, (November, 2006). 
 
Coming theses (to be partly based on the results of the FUNCOAT-project) 
PhD Minna Piispanen, Åbo Akademi – Process Chemistry Centre, Estimated dissertation, 2009 
PhD Mikko Aromaa Tampere University of Technology, Institute of Physics, estimated dissertation 
2009 
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Summary 
 

In this project, a variety of ceramic tiles were co ated with titanium oxide- silver nanoparticles. The 
goal was to achieve a smooth thin coating with a functional performance, with both photocatalytic 
and antibacterial properties, a nd without altering other pr operties o f the t iles, su ch as co lour. We 
succeeded in fabricating the fine quality multicomponent nanocoating on the tiles. In t he project, a 
high quality analysis o f the nanoparticles from the process and of the particles on the coating were 
obtained.  
 
The second goal of the project was to verify the functionality of the fabricated thin coatings on the 
ceramic tiles. This turned out to be more challenging task than what was originally anticipated. The 
surfacaes were hydrophobic, and became hydrophilic with UV-illumination. I t came apparent t hat 
the co atings wer e p hotocatalytic, but due to the s mall a mount of mater ial -- approximately one 
monolayer o f silver doped t itania nanoparticles on the t iles -- the obtained photocatalytic react ion 
rate  coefficients  were  smaller  than  originally  expected.  Also,  it  turned  out  that  standard  testing  
procedures for the capability of the prepared surfaces for biofilm removal, do not presently exist for 
thin films.  
 
All in all, a v ast amount of scientific information on the fabricated multicomponent nanocoatings 
was ga ined dur ing t he pr oject. The surface s wer e functional, but t he e ffect was too s mall f or a 
present industrial s ignificance. For commercial breakt hrough, the t opic still requ ires much more 
research and development. 

 
Figure 31. A conclusive schematic based on the experimental results of the project. The optimal 
operating window is shown in the middle.  
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