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Introduction


"Nanotechnology has given us the tools…to play with the ultimate toy box of nature - atoms and molecules.  Everything is made from it..The possibilities to create new things appear limitless." 

-Horst Stormer






Lucent Technologies and Columbia university,






Physics Nobel Prize Winner

From the above saying, "nanotechnology" seems to cover all means of making molecules and atoms do what we want. The knowledge in nanoscience increases worldwide as materials and devices are changed to nanometer scale in production.  It is not only another step toward minimization, but a qualitatively new scale--the new behavior which is dominated by control of matter as its building blocks: molecule-by-molecule, atom-by-atom, and nanostructure-by- nanostructure.  Today, nanotechnology has drawn the attentions of scientists, engineers and economists all over the world because of the potential society implications.  This article aims to say briefly on the state of nanotechnology in Thailand for APEC Experts' Meeting on Nanotechnology on November 4-7, 2001, Ottawa, Canada.

 Investment in Nanotechnology in Thailand


Thailand currently spends 0.2% of its Gross Domestic Product on research and development.  This is one-tenth the percentage that other technologically-advanced Asian countries and Western countries spend for R&D.  MTEC (National Metal and Materials Technology Center), NSTDA should play a leading role in increasing this percentage in an appropriate way, through both government and private sector support.

 The development of Thai economy has reached the stage that manufacturing is playing a significant role.  By its nature, manufacturing invariably needs the support of a myriad of materials and related technologies at various levels.  The need to develop strong technological capability in materials technology is therefore imperative if the competitiveness in manufacturing industry is to be maintained and enhanced.  Rapidly changing technologies and development-related problems such as environmental and quality of life issues also need the support of advanced materials and processes, particularly environmental-friendly processes, to be sustainable and acceptable.

The major research group in the area of nanoscale science and engineering in Thailand are the followings:

1) The Semiconductor device Research Laboratory (SDRL)

Department of electrical Engineering, Faculty of Engineering,

Chulalongkorn University, Bangkok, Thailand

Researchers

1.  Prof. Dr. Somsak Panyakeow

2. Assoc. Prof. Dr. Montri  Sawatslingkan

3. Assoc. Prof. Dr. Banyong Thoprasertpong
4. Assoc. Prof. Dr. Chumpol Antrasane
5. Assist. Prof. Dr. Somchai Ratanathampan

6. Dr. Songpol Kanjanachuchai

7. Dr. Suwat Sopitpan

      Summary

The research team at SDRL, Chulalongkorn University, Bangkok started its activity on silicon planar technology in 1975, then extended its research to thin film silicon by Chemical Vapor Deposition 9CVD) technique, and III-V compound semiconductor by liquid phase epitaxy (LPE) in 1985.  The installation of molecular beam epitaxy (MBE) machine for quantum devices and nanoelectronics took place in 1992.  With extensive experience in solar cells and laser engineering, SDRL has focussed its research activities in nanostructures, aiming for various optoelectronic applications.  Quantum dots (QDs) for long wavelength applications are also the focus of current research activities.  These nano-scale devices are under development for efficient, high speed lasers, detectors, optical switches, optical memory, and single electron transistors.

Funding Agency:

National Metal and Materials Technology Center (MTEC), NSTDA

Thailand Research Fund (TRF)

Technical Collaborations :

Max Planck Institute in Stuttgart, Germany

Tokyo Institute of Technology, Japan

Annual Budget in 2001
10 million Baht ($US 0.25 million)

2)  Department of Physics, Department of Chemistry, Faculty of Science, 

Mahidol University, Bangkok, Thailand

Researchers :

1) Assist. Prof. Dr. Teerakiat Kerdchareon

2) Dr. Yutthana Tantirungrotechai

3) Assist. Prof. Dr. Vudhichai Parasuk

Summary :

The geometrical and electronic structure of nanotubes and their applications as charge storage and transport devices.

Funding Agency

Mahidol university

Shell Centenary Educational Fund

3)  The Petroleum and Petrochemical College, Chulalongkorn University

Researcher

Dr. Boonyarach Kitiyanan

Summary

· Laser vaporization of carbon nanotubes.  

· Exploring new formulation of catalysts: Co, Fe, Ni, W, Mo

· Exploring other catalyst without using support: sol-gel, aerogel or design new catalysts without using support

· Systematic study for other carbon sources : e.g. CH4, C2H4, or natural gas

· Purification of carbon nanotubes

· Collaboration for application of carbon nanotubes (e.g. composite materials research)

Funding Agency

National Metal and Materials Technology Center (MTEC)

The Petroleum and Petrochemical college, Chulalongkorn university, Bangkok, Thailand

1) 4) Plastic Engineering Group

    Plastic Product Development (PPD) and Plastics for Agriculture Program,

    National Metal and Materials Technology Center (MTEC), NSTDA

2)   Researchers

3) Dr. Wannee  Chinsirikul

4) Dr. Asira Feungfuchart

5) Mr. Pitipong Somboonwiwat 

6) Dr. Worravut Pattaropong

7) Mr Atomo Yukimune

8) Mr Chitsakon Pakjamsai

Summary:

Development of novel polymer-inorganic nanocomposites materials, including polymer-clay and polymer-ceramic composites, have been carried out for applications in both agriculture and industrial field.  Adding clay to plastics could improve their qualities for specialized uses (e.g. permeability and flammability).  Adding small amounts of natural clay to some plastic composites changes the physical properties of the plastics, making them less permeable to liquids and gases.  Current polymer-ceramic composite research at MTEC has been directed towards developing packaging films used for extending shelf life of fresh produce and films with high barrier performances.
5)  Ceramic Technology Program

National Metal and Materials Technology Center (MTEC), NSTDA

Researchers

1)  Dr Sitthisuntorn Supothina

2)  Dr Pavadee Aungkavattana

3)  Dr Paisan Setasuwan

Summary:

· Nanocrystalline SnO2 for gas sensing application

By  Sitthisuntorn Supothina

The recognition of the gas-sensing capability of a semiconducting oxide dates back to the 1950’s when it was observed that the adsorption of reducing gas on zinc oxide (ZnO) brought about a change in the electrical conductivity of the oxide. The practical significance of this was quickly realized leading to patents for gas-sensors. Over the past 3 decades gas/vapor sensor technology has mushroomed, with the applications multiplying. As early as 1968 sensors were marketed to monitor leakage of town gas and liquid petroleum gas (LPG). Nowadays, applications are extended to air pollution monitoring, gas leak detection and process controls. The sensors are commonly in the form of lightly sintered powder compacts or films since both offer high surface-to-volume ratios, favoring sensitivity. Because tin oxide (SnO2) offers high sensitivity at conveniently low operating temperatures, attention has been concentrated on this material. So far, the tin oxide sensor is the most widely used solid state device for gas-alarms on domestic and industrial premises.

Although the general principle of the detection mechanism is appreciated, there are many problems associated with developing a satisfactory materials’ design approach. These problems are concerned with achieving selectivity and sensitivity. The sensors’ selectivity and sensitivity are found to be dependent on the microstructure, method of preparation and to the addition of dopants. Recently, emphasis is being given to work on the nanostructure scale to exploit the unique properties. As far as gas-sensing application is concerned, nanosized materials provide the advantages that the surface-to-volume ratio is much greater than for coarse materials, and the sensor tends to exhibit increasing sensitivity with decreasing the grain size.
The focus of this research is to fabricate SnO2-based materials containing nanosized crystallites, and to exploit gas-sensing behavior of such structure to butane which is one of the two major compositions of liquid petroleum gas (LPG). We pay attention to this gas because of its widespread use in Thailand. In the near future, work will be extended to cover producing nanosized powders for screen-printing technique. Screen-printing technology is a simple and automated technique that allows the production of low-cost, small feature sensors with good reproducibility. The targeted gases will include toxic gas such as carbon monoxide (CO) and volatile organic compounds such as alcohol.

The method for preparation of SnO2 nanocrystallites was modified from the Ph.D. work of the author. The original method, so called “biomimetics”, was inspired by unique microstructures and resulting properties of biomaterials. Biominerals, such as teeth, bone, shell, etc., exhibit control of structure over a wide range of scales, from atomic to macroscopic level. Since the starting reagents for material synthesis are all liquid, homogeneity of the precursor solution at the molecular level can be obtained, and additional constituents or dopants can be readily added to the based materials. Furthermore, by-products from aqueous media are usually environmentally benign. The microstructure of SnO2 prepared by this approach, as shown in a transmission electron microscope (TEM) image, contains nanosized grains, ~5 – 10 nm in size.

· Synthesis of ferroelectric thin films by sol-gel methods

By Pavadee Aungkavattana


Sol-gel processing technology have been widely used to prepared nano particles of ceramic and thin films.  It is proposed in this study that lead zirconate titanate (PZT) ferroelectric ceramic powders and thin films of various compositions are prepared via this chemical route.  Ferroelectric ceramics have unique properties which render them useful in applications including microelectronic and optical devices, non-volatile Random Access Memories (RAMs), Dynamic Random Access Memory (DRAMs), integrated capacitors on Si, non-linear optical elements, and pyroelectric detectors.  The primary objective of this study are to establish the sol-gel technology at MTEC via the preparation and characterization of ferroelectric ceramics and to explore the potential of this technology in the preparation of materials and processes of significance to the multilayer technology programme at MTEC.
Local Issues for Nanotechnology in Thailand

Nanotechnology can be a tool for a developing country like Thailand to innovate some appropriate devices for future development.  Newly proposed QDs solar cells are one of the nanostructure devices suitable for a sun-rich country like Thailand.

Carbon nanotube is currently a hot research topic.   With strained nano-layers of semiconductors, III-V compound semiconductor nanotubes can be made possible by selective etching techniques.  These nanotubes may have various applications as sensors, especially in medical and biotechnology.  Thailand is an agricultural country producing foods for the world population.  Therefore, an innovative idea making use of nanostructures for biotechnology, agro-industry and medical applications is another local issues in Thailand which we may explore.

Future Perspectives

Nanotechnology in Thailand must be fully supported by responsible R&D agencies like Thailand Research Fund (TRF), National Science and Technology Development Agency (NSTDA), National Metal and Materials Technology Center (MTEC), etc.  More qualified manpower on nanotechnology must be created to a critical mass for future development.  In order to jump over the present barrier, a national policy to promote nanotechnology must be set up, and more publicity to local communities nationwide must be conducted in an easy-to-understand way.
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