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Introduction
The Light Metals Research Centre is a UniServices managed centre, hosted by the Faculty of Science, and both Science and Engineering Faculties are contributing strongly to the Centre’s activities by participating in its increasing range of research projects.

Summary of Centre Activities

2006 was another high growth year for the Centre, which now comprises 35 staff and postgraduate students. Thanks to their efforts, and those of the participating Academic staff within University Departments, the Centre has delivered some important results in 2006.  After being ahead of plan financially in 2005, the Centre’s financial performance in 2006 was also strong – with revenue of $3.77m and a surplus of $524,169.  Highlights of Centre’s educational contributions in 2006: 

· A Post Graduate Certificate and Industry Training Course in Light Metals Reduction Technology were run in the second semester, 2006 – with the three-week residential part of the Certificate run in Dubai in collaboration with Dubai Aluminium Company. This will further contribute to UoA’s strategic linkages the Gulf region in 2007.
· A number of Centre’s researchers were asked to present keynote addresses internationally at leading conferences.  Publications were accepted into a number of professional journals/conferences.  TMS papers and other publications are listed below. These are important communication vehicles for disclosure of light metals and materials technologies.  In addition, a number of our researchers also presented papers at the CHEMCA Conference hosted by The University of Auckland 2006.
· Another educational contribution was a series of staff and industry training seminars in Smelter Operation and Control, run at the Light Metals Research Centre.  These seminars included staff, industry clients and visiting researchers throughout the period of February to July 2006.
There are several Research and Development highlights summarised below:

· A number of technologies have gone through the industrial trial stages with promising results and important insights were gained.  In particular, the Centre conducted plant trials of the University’s heat recovery technology and Cell Composition Control System at Boyne Smelters in Australia.  
· Three patent applications have been in process for heat exchanger, process control and alumina manufacturing technologies, one of which has obtained PCT patent.  Further feasibility study for its commercialisation is underway. 
· Novel electrowinning processes have been developed and tested in the laboratories of LMRC in 2006.  One such technology – the Hydrogen anode - is more environmentally sustainable for aluminium production, and may prove to be a viable alternative to current energy intensive industrial processes in the long term. This research will continue over 2007.
· Casting, extrusion and surface finishing technologies were still under development through the FRST grant which commenced in 2004.  New processes for surface finishing, control of surface structure and composition are emerging from researches in Objectives 1 and 2.  The Centre has further capitalised these research work into commercial application through several TIF and TBG projects (grants from Technology New Zealand) derived from the research, and the Centre has been work closely with NZ manufacturers in this area.  
· Fundamental research of alumina structure and processing, and intelligent control of complex processes have been advanced in 2006 as well as the IP application. The research outcomes have attracted interests from major international companies. Funding for both areas are expected to increase in 2007. 

· Magnesium related projects have increasingly become important for LMRC in 2006.  Although the research work was mainly in their primary production, however, the Centre is planning to work towards downstream processing and properties in the next phase of grant application.

· New support contracts for companies in Germany, Holland, Finland, USA, Brazil, Russia, Australia and China along with additional contracts with Dubal and Aluminium Bahrain (Alba) in UAE have all been commenced in 2006. 

· There were many enquiries from Saudi Arabia, Abu Dhabi and Dubai Jebel Ali Free Zone etc. for education and technical support.  It indicates that there is a growing importance of research and education in this region.  The Centre will continue to explore this potential development opportunity. There is a possibility for collaboration with New Zealand Trade and Enterprise to set up an off-shore office in this region.
The New Zealand research projects have grown to approximately one third of the Centre’s research portfolio.  This will continue to be an important area for the Centre, although the funding for the NZ based manufacturing work is scarce at the moment.  A major challenge in this area is to obtain additional funding for the next stage of Transformation Light Metals Objectives – to develop a proposal of linkage with industry applications for New Zealand manufacturing companies.

The increase in technology support projects (mainly in international projects) has justified the employment of 4 research engineers.  Three were from the Department of Chemical and Materials Engineering, and one was from Canada who will later enrol into PhD programme as part of Doctoral Researcher for the Centre.
Two Post Doctoral Researchers have also been placed in the Centre on a permanent basis, which is another step taken in 2006 to safeguard and grow the Centre’s intellectual capacity as it matures. 
Paper Delivered in 2006:

1. Dariusz Kacprzak, Marek Ziolkowski, Marcus Gustafsson, and Mark Taylor “Magnetic Field Profile of an Aluminum Reduction Cell and Lorentz Force Formation” 12th International IGTE Symposium 2006, Graz University of Technology, Austria, 17-20 September, 2006.

2. Dariusz Kacprzak, Marcus Gustafsson and Mark Taylor “Finite Element Analysis of a 200kA Aluminium Reduction Cell” Asia-Pacific Symposium on Applied Electromagnetics and Mechanics (APSAEM'06 Conference), University of Technology, Sydney, NSW, Australia, 20-21 July, 2006.

3. D. Kacprzak, M. J. Gustafsson, M. P. Taylor, “A Finite Element Method Approach to the Design Process of an Aluminium Reduction Cell”  IEEE International Magnetics Conference, San Diego, California, USA, 8-12 May, 2006. Full paper: IEEE Transactions on Magnetics

4. Dariusz Kacprzak, Marcus Gustafsson, Liren Li and Mark Taylor, “Numerical Analysis of the Collector Bar Current Distribution of a Reduction Cell”, TMS'06 Conference paper, San Antonio, Texas, USA, 12-16 March, 2006. Full paper: Light Metals 2006

Publication Lists:

Journal Articles, Referred
1. M. Glucina and M Hyland “Laboratory-scale performance of a binary CuAl alloy as an anode for aluminium electrowinning”. Corrosion Science.48, 2457-2469, 2006.
2. W. Trompetter, M. Hyland, D. McGrouther, P. Munroe and A. Markwitz, “Effect of the substrate hardness on particle morphology in high velocity thermal spray coatings.”  Journal of Thermal Spray Technology, 15 (4), 663 – 669, 2006.
3. S. Premathilaka, M. Hyland, X.D. Chen and B. Bansal, “A study of the effects of surface chemistry on the initial fouling mechanisms of dairy fouling.” Food and Bioproducts Processing Journal 84 (C4), 265-273, 2006.
4. B. Withy, M. Hyland and B. James, “Pretreatment effects on the surface chemistry and morphology of aluminium.” International Journal of Modern Physics B 20 (25-27), 3611-3616, 2006.
5. Dariusz Kacprzak, Marcus Gustafsson and Mark Taylor “Finite Element Analysis of a 200kA Aluminium Reduction Cell”. Accepted for publication in Journal of Applied Electromagnetics edited by Japanese Society of Applied Electromagnetics and Mechanics 
6. Yao, Mingming; He, Yedong; Zhang, Wei; Gao, Wei,”Oxidation resistance of micro-laminated (ZrO2-Y 2O3)/(Al2O3-Y2 O 3) coatings on Fe-Cr alloys”, High Temperature Materials and Processes, v 25, n 3, 2006, p 167-174
7. Zhang, Jixin, Zhang, Wei; Li, Jiuqing, “Inhibitor and the corroding behavior for a magnesium alloy in an ethylene glycol solution system”, Journal of University of Science and Technology Beijing, v 28, n 3, March, 2006, p 263-268
8. Zhang, Jixin , Zhang, Wei; Li, Jiuqing; Ma, Zheng; Zeng, Guizhi, “Galvanic corrosion of magnesium alloys in atmospheric environment”, Journal of University of Science and Technology Beijing, v 28, n 5, May, 2006, p 454-460
9. P. Veyssière, Y.L. Chiu, M. Niewczas, "Dislocation micromechanisms under single slip conditions”, Zeitschrift fuer Metallkunde, V97, Issue 3, March 2006, Pages 189-199, 2006. 

10. Y.L. Chiu, P. Penhoud, P. “Veyssière, Portevin-Le Chatilier instability in L10-TiAl single crystal”, Journal of Modern Physics B, 20, 4189, 2006.
11. P. C. Wo, A. H. W. Ngan and Y. L. Chiu, “TEM measurement of nanoindentation plastic zones in Ni3Al”, Scripta Materialia 55, 557-560, 2006.
12. Y.L. Chiu, N. Baluc, R. Schaublin, “Nanostructured tungsten-iron alloy prepared by electrodeposition”, Journal of Modern Physics B, 20, 4195, 2006.

Conference Proceedings

1. G. Tandon, M.P. Taylor & J.J.J. Chen, “A case study of variation in aluminium smelting cell thermal state, with control implications” 
2. A.J. Hughes, M.R. Titchener, M.P. Taylor and J.J.J. Chen, “Observing aluminium reduction cell behavior through pseudo resistance Entropy: A novel approach to diagnostics and controls,  proceeding in CHEMECA06-The 34th Australasian Conference of Chemical Engineering , 17th  -20th, September, 2006, Auckland, New Zealand. 
3. W. Trompetter, A. Markwitz, M. Hyland, D. McGrouther, 2006. “The effect of the substrate hardness on particle morphology in high velocity thermal spray coatings.” Accepted, International Thermal Spray Conference 2006.
4. B. Withy, M. Hyland and B. James, “Wetting and spreading of PEEK splats on aluminium.” Accepted, International Thermal Spray Conference 2006.
5. P. Patel, M.M. Hyland and F. Hiltmann, “Influence of Internal Structure on Behaviour during Electrolysis Part III: Wear Behaviour in graphitic materials.” Light Metals 2006, Edited by Travis Galloway , Proceedings of the 135th The Metals Minerals and Materials Society Annual Meeting, March 12-16, 2006, San Antonio, 633-638.
6. J. Metson, T. Groutso, M. Hyland and S. Powell, “Evolution of microstructure and properties of SGA with calcinations of Bayer gibbsite.” Light Metals 2006, Edited by Travis Galloway, Proceedings of the 135th The Metals Minerals and Materials Society Annual Meeting, March 12-16, 2006, San Antonio, 89-93.
7. S. Madshus, T. Foosnaes, M. Hyland, J. Krane and H.A. Øye, “Composition and intermolecular reactivity of binder pitches and their influence on structure of carbonized pitch cokes.” Light Metals 2006, Edited by Travis Galloway , Proceedings of the 135th The Metals Minerals and Materials Society Annual Meeting, March 12-16, 2006, San Antonio, 541-546.

8. S. Premathilaka, M. Hyland, X.D. Chen and B. Bansal, “An XPS Study of Deposit-Surface Interactions on Si-doped DLC during Dairy Fouling” CHEMECA 2006.

9. P.Patel, M. Hyland & F. Hiltmann (2006), “Influence of Internal Cathode Structure on Behaviour During Electrolysis. Part III: Wear of Graphitic Materials”, Light Metals 2006, TMS Annual Meeting Proceedings
10. C. L. Nguyen, W. Zhang and J. B. Metson, “Surface segregation of LM6 casting alloy investigated by XPS and SIMS”, Proceedings of the 4th International Symposium on Aluminium Surface Science and Technology (ASST’06), May 2006, Beaune, France.

11. Perander Linus, H. Samarasekara, M. Hyland, J. Metson, “ESEM and Image Analysis - A Tool for Morphological Characterisation of Smelter Grade Alumina and Gibbsite”, Proceedings of the NZIC 2006 Volume II, pp 193-194, Rotorua 2006
12. Wei Zhang, James Metson, and Chuong Luu Nguyen, Sen Chen, “Surface Characterization of an Extruded Al Alloy “`proceeding of 4th International Conference of Advanced Materials and Processing, December, 2006, Waikato University, New Zealand
13. Wei Zhang, Wei Gao, James Metson, Jiuqing Li, Yinshun Wu, “Formation of Ce-Containing Conversion Films on an Al Alloy”, , proceeding of CHEMECA 2006, September, 2006, Auckland, New Zealand
14. S.Namboothiri, M. P. Taylor, J. J. J Chen, M. Hyland &M. Cooksey, “A Review of the Process Options for Aluminium Production with a Focus on the Development of a Hydrogen Anode”, published in CHEMECA06-The 34th Australasian Conference of Chemical Engineering , 17th  -20th, September, 2006, Auckland, New Zealand.ISBN:0-86869-110-0.
15. R. Schaeublin, Y.L. Chiu, “Effect of He on irradiation-induced hardening of Fe: a simulation point of view”, E-MRS 2006 Spring meeting, May 29 - June 2, 2006 Acropolis Congress Center, Nice, France
16. Y.L. Chiu and R. Schaublin, “Synthesis and Plastic deformation of a nanocrystalline-amorphous iron-tungsten alloy”, 8th International Conference on Nanostructured Materials, p28-29, Indian Institute of Science, Bangalore, India, August 20-25, (2006).
17. V. So, Y. L. Chiu, Z. W. Li, W. Gao, “Morphology and mechanical properties of titanium-based coatings on AZ91”, CHEMECA conference proceedings, 125 (1-5), Auckland, September 17-20, 2006. 
18. J. H.-H. Hung, Y. L. Chiu, T. Zhu, W. Gao, “In-situ ESEM study of partial melting and precipitation process of AZ91D magnesium alloy”, CHEMECA conference proceedings, 238 (1-6), Auckland, September 17-20, 2006.
19. Y.L. Chiu, V. So, W. Gao, “Ti-based nanostructure coating on Mg alloys”, The 5th Asian-Australasian Conference on Composite Materials (ACCM-5), University of Hong Kong Science and Technology, November 27-30, 2006.
Technical Reports
1. Linus Perander, Jim Metson, “ Modelling the Impacts of Raw Materials Selection on Impurities in Aluminium Metal from Hall-Heroult Reduction Cells” June 2006 Report to: Frank Cannova, BP Coke. 
2. M Hyland, "Analysis of Industrially Calcined Aluminas" for Comalco Research and Technology Centre, Thomastown Australia 8 pages, UniServices Number 1238700, August 2006.

3. S. Oakley and M Hyland "NZAS Torbed Dry Scrubber Improvement Project: Stage 1 and 2 Report", New Zealand Aluminium Smelter, 23 pages, UniServices Number 1260600, September 2006.

4. C. Nguyen and J. Bester, “Salt Spray Corrosion Tests on Powder-coated and Chrome-electroplated Items”, Technical Report. September 2006. 
5. C. Nguyen and J. Bester, “Salt Spray Corrosion Tests on various coated items”, Technical Report. November 2006. 
6. C. Nguyen and J. Bester, “Salt Spray Corrosion Tests on coated and non-coated stainless rings”, Technical Report. November 2006. 
7. Wei Zhang, “Contaminant particle analysis for Fletcher Aluminium”, , Technical report for Fletcher Aluminium, November, 2006

8. S. Namboothiri, M. P. Taylor, J. J. J Chen & M. Hyland, “Nickel alloy hydrogen diffusion anode hydrogen safety and reaction mechanism, Gas diffusion anode” Quarterly Report-GDAQR08, Submitted to CSIRO, Nov 2006.

9. S. Namboothiri, M. P. Taylor, J. J. J Chen & M. Hyland, “FTIR Calibration, Electrolysis and Thermodynamic Analysis, Gas diffusion anode” Quarterly Report-GDAQR07, Submitted to CSIRO,  Aug 2006

10. S. Namboothiri, M. P. Taylor, J. J. J Chen & M. Hyland, “Carbon gas diffusion anodes: Electrolysis experiments and contact angle measurments, Gas diffusion anode” Quarterly Report-GDAQR06, Submitted to CSIRO,  May 2006

11. S. Namboothiri, M. P. Taylor, J. J. J Chen & M. Hyland, “Carbon gas diffusion anodes: FTIR calibration and Electrolysis Experiments, Gas diffusion anode” Quarterly Report-GDAQR05, Submitted to CSIRO, Feb 2006
12. Tandon, G, Taylor, M. P., Chen, J. J. J., Peterson, R. and Moran, K., “Saving Electrical Energy through Improved Cell Voltage Control at New Zealand Aluminium Smelters”, Tech NZ Progress Report, 4, pp 1-8, 1st January 2006.

13. Tandon, G, Taylor, M. P., Chen, J. J. J., Hamilton, S. and Peterson, R., “Saving Electrical Energy through Improved Cell Voltage Control at New Zealand Aluminium Smelters”, Tech NZ Progress Report, 5, pp 1-3, 1st April 2006.

14. Tandon, G, Taylor, M. P., Chen, J. J. J., Hamilton, S. and Peterson, R., “Saving Electrical Energy through Improved Cell Voltage Control at New Zealand Aluminium Smelters”, Tech NZ Annual Report, pp 1, 1st June 2006.

15. Tandon, G, Taylor, M. P., Chen, J. J. J., Hamilton, S. and Peterson, R., “Saving Electrical Energy through Improved Cell Voltage Control at New Zealand Aluminium Smelters”, Tech NZ Progress Report, 6, pp 1-3, 1st July 2006.

16. Tandon, G, Taylor, M. P., Chen, J. J. J., Hamilton, S. and Peterson, R., “Saving Electrical Energy through Improved Cell Voltage Control at New Zealand Aluminium Smelters”, Tech NZ Progress Report, 7, pp 1-3, 1st October 2006.
17. M.J. Gustafsson, G.R. Bulathsinghala and M.P. Taylor, Progress Report for TRIMET Project: Objective 2 Task 1: Build an Electromagnetic Bus Bar Model, Technical Report, 30.11.2005

18. G. Bulathsinghala and M.P. Taylor, Progress Report for TRIMET Project: 
19. Objective 3: Analysis of TRIMET Data, Technical Report, 19.05.2006

20. M.J. Gustafsson, G.R. Bulathsinghala, D. Kacprzak, L. Li and M.P. Taylor, Progress Report for TRIMET Project: Objective 2 Task 1: Build an Electromagnetic Bus Bar Model, Technical Report, 26.06.2006

21. G.R. Bulathsinghala, M.J. Gustafsson and M.P. Taylor, Progress Report for TRIMET Project: Objective 2: Determine Key Factors Controlling Stability and Profile of Metal, Objective 3: Sensing and Control of Anode Performance and Cell Thermal Balance, Technical Report, 23.10.2006
22. G.R. Bulathsinghala and M.P. Taylor, Progress Report for TRIMET Project: Booster Group Cell Instability Analysis, Technical Report, 12.12.2006

23. M.J. Gustafsson, G.R. Bulathsinghala, L. Li, D. Wong and M.P. Taylor, Progress Report for TRIMET Project: Electromagnetic Model of TRIMET Cell, 

24. Technical Report, 12.01.2007

25. Y.S. Gao, M.Gustafsson, Training Manual of Scheduler A, Technical report to Boyne Smelter Limited & Rio Tinto Aluminium Technology, August, 2006
26. Y.S. Gao, M.Gustafsson, Introduction of Scheduler A, Technical poster to Boyne Smelter Limited & Rio Tinto Aluminium Technology, August, 2006
27. Y.S. Gao, M.Gustafsson, The Measure of the Success of Scheduler A Trial, Technical report to Boyne Smelter Limited & Rio Tinto Aluminium Technology, December, 2006
28. N. Pennington, I600 Holding furnace thermocouple study.  Technical report.  January 2006.

29. N. Pennington and R. Wallace, “Aluminium Diecasting Ltd mechanical machinery audit”.  Technical report.  January 2006.

30. N. Pennington.  Report on “Machine control systems at Aluminium Diecasting Ltd, Christchurch”. March 2006.

31. N. Pennington.  “Cooling water study at Aluminium Diecasting Ltd, Christchurch”.  Technical report.  May 2006.

32. N. Pennington. “Safety issues at Aluminium Diecasting Ltd, Christchurch”.  Technical report.  July 2006

33. I.Paine and J. Bester, Report on “The melting process at Axiam Diecasting Ltd.”  Technical report.  April 2006.

34. T. Groutso and J. Bester, “Investigation into spouting problem at Canterbury Continuous Spouting Ltd in Christchurch”. Technical report.  March 2006.

35. S. Panov and J. Bester, Report on “anodizing process at Contex Engineers Ltd.” Technical report.  May 2006.

36. V. Ivanov and J. Bester, “Defect and failure analysis report: Investigation of surface discoloration of anodized high pressure die castings”.  Technical report.  August 2006. 

37. C. Nguyen and J. Bester, “Investigation of origin of stains on extruded profiles from Fletcher Aluminium Ltd”.  Technical report.  August 2006.

38. V. Ivanov and J. Bester, “DFA report: Analysis of the porosity’s nature, observed on the machined surface of the aluminium engine blocks for Haigh Blocks Ltd.”  Technical report.  December 2006.

39. 15 V. Ivanov and J. Bester, “Analysis of defects showed up on the polished surface of the DLM bodies for C.W.F. Hamilton Jet Ltd. “Technical report.  November 2006.

40. N. Pennington, “Cost reduction investigation: Blue Arrow Products for C.W.F. Hamilton Jet Ltd.” Technical report.  August 2006.

41. P. Patel, “Evaluation of the performance of ITC coatings in cryolite environments.” Technical report.   November 2006.

42. M. Hodgson, D. Cotton, and J. Bester, “Testing of Miles Nelson Manufacturing Co. Ltd, 310 elbow banister bracket.” Technical report.  June 2006.

43. M. Hodgson, D. Cotton, and J. Bester, “Testing of Miles Nelson Manufacturing Co. Ltd, 311 upright banister bracket”.  Technical report.  June 2006. 

44. Z. LIU, C. Nguyen, J. Bester, “Corrosion tests on chrome electroplated handrail brackets.”  Technical report.  September 2006.

45. 21 K. Welte and J. Bester, “Laboratory Service Report LSR 06-L033: Salt spray exposure testing of plated handles”.  Technical report.  July 2006.

46. S. Panov and J. Bester, “Treatment of chrome plated articles to remove hexavalent chromium residues.” Technical report.  April 06.

47. J. Bester, T. Groutso, and I. Paine,” Investigation into the most suitable aluminium casting alloy to produce telecommunication cover plates.”  Technical report.  December 2007.

48. J. Bester, “Salt Spray Corrosion Tests on Tyco’s coated and non-coated stainless rings.”  Technical report.  Nov 2006.

Financial Statement

Centre Costs
LMRC is primarily a UniServices activity centre.  Due to the increased activities of the research projects, and to ensure the continuation of growth in capabilities, the costs in 2006 were higher than in 2005 (from $2.5m to $3.2m).  Much of these increases were in the staff cost along with the increased tuition fees for Doctoral Researchers.  In addition, the travel related expenses have increased due to the necessary location of Centre staff on-site with our industrial partners. The total costs for the Research Centre are given below. 
There has also been an increase in contribution to the University in 2006 which totalled over $690,000.  This contribution does not include Depreciation, EFTS’s or Payments to Departments related to the Certificate (or the Certificate surplus itself which remains with the Science Faculty). In addition to this, the contribution to UniServices in 2006 was increased to $273,554.
The increased LMRC costs are manageable and are a reflection of the growth of the Centre and its contribution to the University.
Centre Revenue
The billings for the Centre for 2006 are given below. The revenues were substantially above those budgeted. Significant improvements in research projects both NZ and international contracts, as well as the consulting and technical supports areas.  The education revenue was lower than budgeted mainly due to the necessity of rescheduling one major Certificate Course which was planned to be delivered in early 2006.  The Centre will re-assess / review the Post Graduate and Industry Training Courses in 2007.
The challenge of growing NZ business through key partnerships with NZ companies continues to be one of the Centre strategic endeavours.  The network and collaboration with companies such as ADL, Hamilton Jet, Fletchers AL, Glucina Alloys, Centracast, Axiam Group and Ullrich are progressing through TBG, TIF industry co-funding contracts.
Centre contracts and finances were both managed very well by UniServices in 2006, with the information provided to the Director and management team being timely and detailed enough to keep many contracts and the overall Centre margin on track. This is an essential requirement for successful operation of research centres within the University. 

Fifteen postgraduate students are members of the LMRC team, and they are expected to increase to seventeen in 2007.  A functional approach to project management has been restructured at the end of 2006 to better manage large number of projects now being undertaken.   The new structure is to ensure that adequate time continues to be devoted to the supervision of the staff and postgraduate researchers. 
Lastly, and as in 2005, 20% of the Centre’s surplus has been accrued as a dividend for the Faculties in which the Centre operates – Science and Engineering.
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