CST Nanotechnology: Visit to the University of Birmingham Collaborative Research Network in Nanotechnology, 14/12/06

Note of Visit

Purpose

The visit was made in order to gain an insight into the state of nanotechnology research in the universities. 

In Brief

The visit included presentations by members of staff on University of Birmingham nanotechnology activities, methods of manufacturing nanoparticles and applications of nanotechnology, as well as tours of a number of the University laboratories. A programme of the visit may be found at Annex A.

Nanotechnology at the University of Birmingham

The University of Birmingham is heavily involved in nanotechnology. Its three main strengths in the area are:

· Nanoscience

· Micro- and nano- fabrication

· Micro- and nano- particles

Other areas include nanostructured materials, nanoscale analysis, biomaterials, supramolecular chemistry, and nanotribology.

In 2001 the I2N Nanotechnology Centre (Interdisciplinary Innovation Centre for Nanotechnology) was set up to link together the various nanotechnology activities on campus. The Collaborative Research Network in Nanotechnology (CRNNT) is the vehicle by which the individual laboratories comprising the I2N communicate and interact.

Research activities cover a broad spectrum from fundamental science – for example the atomic manipulation of gold– to very applied research – for example the production of aluminium nanoparticles for use in catalysts – in collaboration with industry. 

In recent years the university has invested significantly in the field, leading to well-equipped laboratories and a large and strong cadre of research staff. In total, approximately 40 research group leaders and a total of approximately 300 research staff across a wide range of departments are involved in nanotechnology activities.
Birmingham is also one of only a handful of universities to have established courses in nanotechnology. An MRes in Nanochemistry and Materials Chemistry has proved popular with 30 students taking the course in its first year. In 2006, the University launched an undergraduate course in Physics with Nanotechnology. Research based modules in MicroEngineering and Nanotechnology are taught at undergraduate and Masters level in the School of Engineering.
Collaborative Activities

Nanotechnology at Birmingham is highly interdisciplinary, with collaborations extending over many disciplines including Chemistry, Engineering, Physics, Biosciences, Medicine and Environmental Sciences. In addition to collaborations between individual researchers or research groups, in a number of cases research groups from one department have physically established themselves in another to aid cross-disciplinary working. 

Collaborations with other UK universities are frequent and include links with Oxford, Cambridge, UEA, Cardiff, Manchester, Aberdeen and many others. The international front also shows strong activity, including collaborations with a number of universities from Europe and several links with India and China. Engagement with the EU is good: the CRNNT leads two EU research projects.

Industrial links are very important to Birmingham’s nanotechnology strategy. Such activity ranges from spinouts set up by university researchers to collaborative research with existing companies including Johnson Matthey, Proctor and Gamble and BAESYSTEMS.  Building on Birmingham’s status as a “science city”, Birmingham and Warwick Universities have collaboratively obtained funding of approximately £10m for scientific research from Advantage West Midlands, the local RDA.

Strong ties are maintained with the developing “Central Technology Belt” that stretches from Aston to the Malverns and includes new science/technology parks at Longbridge and Pebble Mill. In September 2006, Margaret Hodge (Minister for the Regions) announced the opening of a £7m nanomaterials “centre”, Materials Solutions, that will aim to develop the commercial potential of nano and micro technology. The centre is initially situated on the university campus and began operations in late 2007.

Exposure Issues

Nanomaterials are treated in a precautionary manner, with safety precautions, use of personal protective equipment and containment procedures in place where the toxicological properties of nanoparticles are not known. As for other materials, COSHH forms must be completed, although the point was made that COSHH forms do not take into account the size of the particles concerned. This would, perhaps, be of value, due to the change in physical and chemical properties that nanoparticles exhibit.

The technology is not available to systematically monitor nanoparticles in the air by means more detailed than a mass per volume measurement; however, in the majority of cases researchers would be able to tell by indirect means (for example a pressure drop in the containing equipment) if an escape of nanomaterials occurred.

Overall, researchers believe that their precautions are comparable to those used in industry and would agree with HSE that at the current low levels of production, the risk to health is very small. It was noted that a typical university lab may contain high electrical currents, large moving machinery, high temperature equipment and chemicals known (unlike nanomaterials) to be highly toxic. In such an environment, nanomaterials are simply one of the smaller potential hazards amongst many, all of which must be and are managed and minimised.

The point was made, however, that in some cases lack of containment facilities was preventing research groups from carrying out all the research that they might like to. The specific example was a research group which wished to carry out research on highly active nanoparticles that could have therapeutic applications. In future, in order for such research to be carried out, engineering and physics departments (and companies) may have to invest in advanced containment facilities that have previously only been necessary in medical research departments.

Metrology and Toxicology Research

The CRNNT is carrying out research in metrology, including work done by Professor Harrison as part of the NANOMIST project. Other research in the field of metrology includes the development of torsional paddle microresonators and the development of pH responsive surfaces which could identify which nanoparticles were being absorbed on to a detector. However, the CRNNT is less active in the field of nanotoxicology: it is estimated that a maximum of 5% of their research is conducted in this field.

From their interactions with industry the CRNNT would suggest that a similar pattern of activity is occurring there. They have seen evidence of industry being willing to undertake or collaborate on metrology research, particularly in areas where the research is more mature, but little evidence of industrial research into the toxicology or environmental effects of nanomaterials. 

Nanotechnology Facts

At the University of Birmingham they consider the nano regime to be between 1nm and 100nm. For comparison, a glucose molecule is 0.5nm across and a 300 atom gold nanoparticle about 3nm across. 

The top-down and bottom-up methods of manufacturing are converging. Currently it is possible to manufacture transistor chips – which are being used in computers – that are only 65nm across. 

The greater surface-area to mass ratio can cause nanoparticles to have significantly different properties to the bulk material. For example, gold is usually inert, but in nanoparticle form it is a catalyst. Furthermore, there can be additional property changes within the nano regime. To continue the example of gold, its colour changes from yellow through red to blue as one decreases the size and, more importantly, it remains non-toxic until it is only 2nm across, when it becomes toxic. This critical toxicity size is specific to each material, making determining toxicity properties extremely difficult, save by case-by-case experiment.

Methods of Manufacturing

A wide variety of different manufacturing methods are being developed at the University of Birmingham. These include supercritical fluid routes, biological methods, plasma based methods and nanofabrication by means of an atomic force microscope.

Supercritical Fluid Routes

This method of production allows the size and morphology of the nanoparticle to be tightly controlled, with the 3σ  [missing] of the size distribution typically at only 20%. There are a number of variations of the method, depending on, for example, whether the nanomaterial is soluble in the supercritical fluid and whether or not the fluid is a liquid or gas.

Biological Methods

Hydrogenase bacteria are placed on waste containing rare metals such as platinum or palladium. The bacteria will extract the metal and deposit it in nanoparticle form upon the surface of the bacteria. Mutation can also create bacteria that deposit the nanoparticles beneath the cell surface instead of on it. This method has the advantage of recovering metals from waste as well as manufacturing nanoparticles. 

Plasma Based Methods

The method makes use of a hot (>5000K) thermal plasma which is then rapidly quenched. It can be used to manufacture a wide range of nanoparticles including metals, oxides, carbides and nitrides. The particle size distribution is still relatively wide but improving. A more sophisticated, but lower yield, variant on this principle is embodied in a magnetron sputtering, gas condensation nanocluster beam source which includes a (patented) mass filter for size-selection.

Nanofabrication

Instruments such as scanning tunnelling/atomic force microscopes or dual-beam focused ion beam/scanning electron microscope can be used to fabricate and manipulate matter at the nano level, and even to the scale of manipulating individual atoms on a surface

All of these methods are currently only able to manufacture small quantities of nanomaterials at a time (c. 500mg at a time for super-critical flow rate methods). However, this is expected to expand rapidly, with some industrial companies hoping to manufacture all their catalysts by such methods within ten years.

Uses and Applications

The nanotechnology research at the University of Birmingham has a wide variety of applications. In many of these cases, the research is being progressed in active collaboration with industry.

Some examples include:

· Gold, palladium and aluminium nanoparticles as catalysts, for example in fuel cells and the automotive industry.

· Size-selected nanoclusters for protein immobilisation in biochips.

· Nanoremediation of PCBs or PBDEs. A research group is currently preparing a research proposal to carry out a field trial.

· Processing of liquid nuclear waste: the liquid waste is bound into a solid bacteria film matrix. The process has been shown to be effective against real liquid nuclear waste in South Korea.

· Light emitting polymers, agrochemicals and liposomes.

· Increasing the effectiveness of high explosives.

· Paramagnetic nanospheres as drug delivery systems. The spheres (containing a drug) are guided to the target organ by oscillating magnetic fields.

· Nanoscale zone plates for use in X-Ray microlenses.
· Incorporation of functional nanoparticles into textiles or paper for security applications (for examples anti-forgery devices)
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