1. FINAL PUBLISHABLE SUMMARY REPORT

The main objective of this project was to develop cement-based materials by exploring their nanotechnology, especially in terms of the confined water associated with the nano-scale structure. This involved several tasks:

(1) Study the adhesive interaction of the nanoparticle cement constituents to evaluate the effect on bending strength;

(2) Focus on the incorporation of adhesive molecules which could affect the confined water
(3) Characterize the adhesion to understand and define the new compositions and processes invented in the project. Scanning probe microscopy (AFM) and computer modeling will be the main methods, together with electron microscopy.

(4) Transfer this new knowledge to Brazil where such applications will be needed to develop the future generations of cementitious materials.
After considering the wide range of possible materials to be studied, magnesium oxide, alumina and silica were selected as suitable model materials in the project.

Theory of the interactions between MgO nanoparticles in water with the addition of small quantities of contaminant molecules was developed with Dr Chin Yong at Daresbury Laboratory and Dr Aman Dhir/Prof Kevin Kendall in Chemical Engineering at the University of Birmingham.  The results were published in the paper ‘Mechanics of adhesion through nanolayers of liquid, K Kendall, H. Rossetto, A. Dhir and C.W. Yong , J Adhesion  88(2012)108’.

The first calculations showed the effect of inert gas like xenon on the adhesion of a nanoparticle to a surface, as shown in Fig 1. The xenon atoms formed layers which had to be squeezed out of the way as the adhesion process occurred.

Figure 2 shows the way in which the force oscillated as each xenon layer was squeezed out.

With water separating the nanoparticle from the surface, the oscillations were pronounced, as shown in Figure 3.

Atomic Force Microscopy (AFM) was used to detect these predicted  forces but oscillations were not seen, probably because the probe was not sufficiently stiff. But oscillations were detected with larger molecules on the surface.  Both gold nanoparticles (Fig 4) and polyacrylic acid molecules gave oscillatory force behaviour.

[image: image1.emf] [image: image2.emf]
Fig 1 A nanoparticle of MgO approaching an MgO surface through inert xenon atoms.

[image: image3.wmf]-0.20

0.0

0.20

0.40

0.60

0.80

1.0

2.6

2.8

3

3.2

3.4

3.6

3.8

4

4.2

F

z

/nN

d

z

/nm

probe collapse

breaking of third

outermost layer

breaking of second

outermost layer


Fig 2 Force curve for the adhesion process; at the start there was little adhesion but as the layers of xenon were squeezed out, the force oscillated.
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Fig 3  a) water molecules in the gap between the nanoparticle and substrate; b) Force oscillations during the adhesion process.


Fig 4  Force-distance curves for the approach to contact of silica in Au nanoparticle dispersion in PBS . The left hand curve shows the AFM jump to contact immediately after immersion followed by the force increase as the probe is pushed down further; the right hand curve is the same experiment six hours later, after particles have deposited on the surface, showing a smaller jump to contact followed by a further jump as a layer of nanoparticles is squeezed out.
.

2. DISSEMINATION ACTIVITIES
The results have been published in the Journal of Adhesion and further papers are submitted to Langmuir and Advances in Applied Ceramics with others in preparation.  Dr Rossetto attended several international conferences and gave presentations on his research.
LIST OF PAPERS AND CONFERENCE ATTENDANCES

1 Rossetto, H.; Bowen, J.; Kendall, K.; “Adhesion of Alumina Surfaces Through Confined Water Layers Containing Various Molecules”. Langmuir, 2012 (Submitted and accepted with minor revisions)

2 Kendall, K.; Rossetto, H.; Dhir, A.; Yong, C. W.; “Mechanics of Adhesion Through Nanolayers of Liquid”. The Journal of Adhesion, v. 88, p. 108-117, 2012.
3 Garcia, L. F. R.; Aguilar, F. G.; Sabino, M. G.; Rossetto, H.; Pires-de-Souza, F. C. P.; “Mechanical and microstructural characterization of new calcium aluminate”. Advances in Applied Ceramics, 2011 (Accepted).
4 Rossetto, H.; Pandolfelli, V. C.; “Hydrogen Bond Assisted Adhesion in Portland Cement-Based Materials”. Ceramica, v. 57, p. 136-139, 2011.
5 Aguilar, F. G.; Garcia, L. F. R.; Rossetto, H.; Pardini, L.C. ; Pires-de-Souza, F. C. P.; “Radiopacity Evaluation of Calcium Aluminate Cement Containing Different Radiopacifying Agents”. Journal of Endodontics, v. 37, p. 67-71, 2011.
6 Rossetto, H.; Souza, M. F.; Pandolfelli, V. C.; “Adhesion as Tool for In-built Nanotechnology Design in Cementitious Materials”. Journal of Ceramic Processing Research, v. 11, p. 362-366, 2010.
No patents were written as a result of this research.

The main dissemination is to transfer this technology to Brazil where several industry start-up companies can benefit. Dr Rossetto is involved with these companies and is working on the utilization of these R&D results in practice, especially with calcium sulfate construction materials. The University of Birmingham has established a programme of collaboration with Brazilian Institutes and Dr Rossetto having returned will visit those to make contact and extend the results of this Marie Curie project.
3. SCIENTIST IN CHARGE QUESTIONNAIRE

RESEARCH TRAINING ASSESSMENT:

What is the size of the hosting research group?   

4 staff and 50 PhD students
How many researchers have you supervised, within the past 10 years?  20 PhDs and 10 post docs

Of which funded by EC/Marie Curie actions 


4 post-docs
EC Other Funding 





1 post-doc

University fellowships 





3

National public bodies 





2 post-docs

Industry 






2 PhD students
How many researchers have you supervised

within this project?





1
Corresponding to how many person months? 


24
Number of publications resulting directly from the research project: 6 in progress
Recruited researcher(s) and yourself 



2
Recruited researcher(s) alone 




1
Recruited researcher(s) with authors other than yourself
1
Participation of the recruited researcher(s) at conferences (number):

Passive 






2
Active 







2
How do you rate the overall success of the research training?  Very good
RESEARCHERS ASSESSMENT:

Rate the overall level of the recruited researcher(s) integration in the research team and the

host organisation with regards to:

participation in meetings/seminars



good
discussions of results and project-related topics

good
co-operation with other team members


good
co-operation with other researchers of the host institution
good
Rate the overall performance of the recruited researcher with regard to:

capacity to develop new skills and to benefit from training
good
productivity (research results/publications/international conference attendance) good
communication skills





good
group leader skills (collaboration with other groups/project management)
good
training and/or teaching skills




not evaluated
Comment: The researcher Dr Hebert Rossetto has been very successful in this project
RESEARCH TRAINING OUTCOMES:

Has this project provided additional links with other research groups or institutions?yes
If yes, indicate the number of contacts in each case

Universities 






2  Nottingham, MIT, Leeds
Research Centres 





1 Daresbury
Industry/private companies 




0
Others 







0

If Other, please specify:

Rate the importance of the following outcomes of the research training:

results of the research





good
number of publications




good
development of research




good



establishment of international collaborations


excellent
transfer of knowledge/technology



transfer to Brazil
training of students/researchers



Dr Rossetto received training in AFM 
further academic qualifications (PhD, habilitation etc.) for fellows   None
YOUR OPINION ABOUT THE MARIE CURIE ACTIONS:

Comments:

Did you have previous knowledge of the Marie Curie actions?
Yes
If yes, what sort of image do you think that the Marie Curie actions have among the scientific community in your research area?



Excellent image
start








