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ABSTRACT

The self-propagating high-temperature synthesis (SHS) of CoAl, CoTi and Ti-Si intermetallic compounds was investigated. This

study was divided into two parts. In the first part, the formation of CoAl and CoTi intermetallics was examined. Effects of the initial

sample density, particle size of the reactants, and initial sample temperature on the combustion characteristics, as well as on the

composition of final products were studied. In the second part, Ti-Si intermetallics with different stoichiometric ratios were

produced. Effect of the initial stoichiometry on the combustion temperature and the flame-front velocity, as well as on the final

composition of burned products was studied. In the first part, the steady propagation of the self-sustained flame front was observed

on both types of samples, and afterburning reaction was found in the synthesis of CoTi compounds. The flame-front propagation

velocity and combustion temperature were found to increase with increasing sample green density and initial sample temperature in

CoAl and CoTi systems. In the formation of CoAl, the initial sample temperature and particle size of reactants significantly affected

the flame-front propagation velocity when the samples with a low initial density were used. XRD analysis indicated that complete

conversion was achieved in the synthesis of CoAl and CoTi compounds. Based upon the dependence of flame-front velocity on

combustion temperature, the activation energies associated with the formation of CoAl and CoTi by SHS were deduced to be

121.69 and 67.95 kJ/mole. In the second part of study, it was found that all kinds of SHS processes were characterized by the steady

propagation of the flame front.Experimental results showed that combustion temperatures of samples with all stoichiometric ratios

were higher than the Ti-Si eutectic temperature 1330 oC, except for the sample with a composition of Ti:Si = 1:2. The flame-front

propagation velocity of sample of Ti:Si = 1:2 was between 3 and 5.3 mm/s, which was much lower than those (between 20 and 60

mm/s) of samples with other compositions (Ti:Si = 5:3, 3:2, and 5:4). XRD spectra showed that the samples of Ti:Si = 5:3 and 3:2

produced the fully-reacted compound Ti5Si3. The compact with Ti:Si = 1:2 yielded dominantly the TiSi2 phase. However, the

samples with Ti:Si = 5:4 and 1:1 yielded multiphase products consisting of TiSi, Ti5Si4, and Ti5Si3. Activation energy with the

value of 201.21 kJ/mole was determined for the formation of Ti5Si3 by SHS.

Keywords : Self-propagating High-temperature Synthesis ; CoAl Intermetallics ; Ti-Si Intermetallics

Table of Contents

簽名頁 授權書..................................................................iii 中文摘要..................................................................v 英文摘

要............................................................... vii 誌謝.................................................................... ix 目

錄.................................................................... xi 圖目錄................................................................ xiii 表目錄

................................................................. xv 附錄................................................................... xvi 符號說

明.............................................................. xvii 第一章 緒論.............................................................. 1 1.1 研究背

景........................................................... 1 1.2 固相燃燒合成之相關文獻............................................. 2 1.2.1 鈷鋁及鈷鈦介金屬之

相關文獻..................................... 3 1.2.2 鈦-矽介金屬之相關文獻.......................................... 5 1.3 研究目

的........................................................... 7 第二章 實驗方法與進行步驟................................................ 9 2.1 試

片............................................................... 9 2.2 燃燒室主體........................................................ 10 2.3 資料擷取系

統...................................................... 10 2.4 影像擷取系統...................................................... 11 2.5 產物分

析.......................................................... 12 第三章 結果與討論....................................................... 13 3.1 鈷鋁介金

屬........................................................ 13 3.1.1 固相火焰觀察.................................................. 13 3.1.2 火焰鋒面傳遞速

度.............................................. 14 3.1.3 溫度變化曲線與活化能之計算.................................... 15 3.1.4 產物分

析...................................................... 16 3.2 鈷鈦介金屬........................................................ 17 3.2.1 固相火焰觀

察.................................................. 17 3.2.2 火焰鋒面傳遞速度.............................................. 18 3.2.3 溫度變化曲線與活化能之計

算.................................... 19 3.2.4 產物分析...................................................... 19 3.3 鈦-矽介金

屬....................................................... 20 3.3.1 固相火焰觀察.................................................. 20 3.3.2 燃燒溫度觀

察.................................................. 22 3.3.3 火焰鋒面傳遞速度.............................................. 22 3.3.4 產物分

析...................................................... 23 第四章 結論............................................................. 25 參考文



獻................................................................ 28

REFERENCES

[1] Morsi, K., “Review:reaction synthesis processing of Ni-Al intermetallics materials,” Mater. Sci. Eng. A, Vol. 299, pp. 1-15, 2001.�

[2] Mungole, M.N., Balasubramaniam R. and Ghosh, A., “Oxidation b\ehavior of titanium aluminides of high niobium content,”

Intermetallics, Vol. 8, pp. 717-720, 2000.�

[3] Warnes, B.M., DuShane, N.S. and Cockerill, J.E., “Cyclic oxidation of diffusion aluminide coatings on coalt base superalloys,” Surface

Coatings Technol, Vol. 148, pp. 163-170, 2001.�

[4] Gauthier, V., Bernard, F., Gaffet, E., Vrel, D., Gailhanou, M. and Larpin, J.P., “Investigation of the formation mechanism of nanostructured

NbAl3 via MASHS reaction,” Intermetallics, Vol.10, pp. 377-389, 2002.�

[5] Nishimura, C., Liu, C.T., “Reaction sintering of Ni3Al to near full density” Mater., Vol. 26, pp. 381-385, 1992.�

[6] Munir, Z.A., Anselmi-Tamburini, U., “Self-propagating exothermic reaction: the synthesis of high-temperature materials by combustion,”

Mater. Sci. Rep., Vol. 3, pp. 277-365, 1989.�

[7] Merzhanov, A.G., “History and recent development in SHS,” Ceram. Int., Vol. 21, pp. 371-379, 1995.�

[8] Moore, J.J., Feng, H.J., “Combustion synthesis of advanced materials: Part Ⅰ,” Mater. Sci., Vol. 39, pp. 243-273, 1995.�

[9] Mossino P., “Some aspects in self-propagating high-temperature synthesis,” Ceram. Int., Vol. 30, pp. 311-332, 2004.�

[10] Zhu, P., Li, J.C.M. and Liu, C.T., “Reaction mechanism of combustion synthesis,” Mater. Sci. Eng. A, Vol. 329, pp. 57-68, 2002.�

[11] Biswas, A., Roy, S.K., Gurumurthy, K.R., Parbhu, N., and Banerjee, S., “A study of self-propagating high-temperature synthesis of NiAl in

thermal explosion mode,” Acta. Materialia., Vol. 50, pp. 757-773, 2002.�

[12] Lebrat, J.P., Varma, A., “Self-propagating high-temperature synthesis of Ni3Al,” Combust. Sci. Technol., Vol. 88, pp. 211-221, 1992.�

[13] Hibino, A., Matsuoka, S. and Kiuchi, M., “Synthesis and sintering of Ni3Al intermetallics compound by combustion synthesis process,”

Mater. Procrss. Technol., Vol. 112, pp. 127-135, 2001.�

[14] Orru, R., Munir, S., “Mechanistic investigation of the field-activated combustion synthesis (FACS) of titanium aluminides,” Chem. Eng.

Sci., Vol. 54, pp. 3349-3355, 1999.�

[15] Kandalov, E.G., Nikitin, V.I., Wanqi, J., Makarenko, A.G., “Effect of Al powder content on SHS Al-Ti grain refiner,” Mater. Letters, Vol.

54,pp. 131-134, 2002.�

[16] Bertolino, N., Monagheddu, M., Tacca, A., Giuliani, P., Zanotti, C. and Anselmi-Tamburin, U., “Ignition mechanism in combustion

synthesis of Ti-Ni systems,” Intermetallics, Vol. 11,pp. 41-49, 2003.�

[17] Gauthier, V., Bernard, F., Gaffet, E., Josse, C., Larpin, J.P.,“In-situ time resolved X-ray diffraction study of the formation of the

nanocrystalline NbAl3 phase by mechanically activated self-propagating high-temperature synthesis reaction,” Mater. Sci. Eng. A, Vol. 272,

pp.334-341, 1999.�

[18] Merzhannov, A. G. and Borovinskaya, I. P., “Self-Propagation High-Temperature Synthesis of Refractory Inorganic Compounds,”

Doklady Akademii Nauk USSK, Vol. 204, No. 2, pp. 366-369, 1972.�

[19] Batsirai M. Mutasa, “Defect structures in ordered intermetallics; Grain boundaries and surfaces in FeAl, NiAl, CoAl and TiAl,” T\he

degree of Doctor of Philosophy, Virginia polytechnic institute and state university, 1997.�

[20] Otsuka, K., and Ren, X., “Recent developments in the research of shape memory alloys,” Intermetallics, Vol. 7, pp.511-528, 1999.�

[21] Funakubo, H., editor., Shape memory alloys, New York: Gorden & Breach, 1987.�

[22] Starosvetsky, D., and Gotman, I., “Corrosion behavior of titanium nitride coated Ni-Ti shape memory surgical alloy,” Biomaterials, Vol.

22, pp. 1853-1859, 2001.�

[23] Kapanen, A., Ryhanen, J., Danilov, A., and Tuukkanen, J.,“Effect of Nickel-titanium shape memory metal alloy on bone formation,”

Biomaterials, Vol. 22, pp. 2475-2480, 2001.�

[24] Li, B.Y., Rong, L.J., Li, Y.Y., and Gjunter, V.E., “Synthesis of porous Ni-Ti shape-memory alloys by self-propagating High-temperature

synthesis: reaction mechanism and anisotropy in pore structure,” Acta Materialia, Vol. 48, pp. 3895-3904, 2000.�

[25] Li, B.Y., Rong, L.J., Li, Y.Y., and Gjunter, V.E., “A recent development in producing porous Ni-Ti shape memory alloys,” Intermetallics,

Vol. 8, pp. 881-884, 2000.�

[26] Gao, M.X., Pan, Y., Oliveira, F.J., Bapstista, J.L. and Vieira, J.M., “Interpenetrating microstructure and fracture mechanism of NiAl/TiC

composites by pressureless melt infiltration,” Materials Letters, Vol. 58, pp. 1761-1765, 2004.�

[27] Fan, Q., Chai, H. and Jin, Z., “Dissolution － precipitation mechanism of self-propagating high-temperature synthesis of mononickel

aluminide,” Intermetallics, Vol. 9, pp. 609-619,2001.�

[28] Scheppe, F., Sahm, P.R., Hermann, W., Paul, U. and Preuhs, J., “Nickel aluminides: a step toward industrial application,” Mater. Sci. Eng.

A, Vol329-331, pp. 596-601, 2002.�

[29] Ward-Close, C.M., Minor, R. and Doorbar, P.J., “Intermetallic-matrix composites－a review,” Intermetallics, Vol.4, pp. 217-229, 1996.�



[30] Darolia, R., “Ductility and fracture toughness issues related to implementation of NiAl for gas turbine applications,” Intermetallics, Vol. 8,

pp. 1321-1327, 2000.�

[31] Yang, J., Wu, J., Hua, W., “Study on mechanical alloying and subsequent heat treatment of the Ti-Si system,” Physica:B, Vol. 279, pp

241-245, 1999.�

[32] Shon, I.J., kim, H.C., Rho, D.H., and Munir, Z.A., “Simultaneous synthesis and densification of Ti5Si3 and Ti5Si3-20%ZrO2 composites by

field-activated and pressure assisted combustion,” Mater. Sci. Eng., Vol.269, pp.129-135, 1999.�

[33] Inui, H., Moriwaki, M., Okamoto, N., Yamaguchi, M., “Plastic deformation of single crystals of TiSi2 with the C54 structure,” Acta

Materialia, Vol 51, pp 1409-1420, 2003.�

[34] Anselmi-Tamburini, U., Maglia, F., Spinolo, G., Doppiu, S., Monagheddu, M., and Cocco, G., “Self-propagating reactions in the Ti-Si

system:A SHS-MASHS comparative study,” J. Mater. Syn. Proc., Vol. 8, pp 377-383, 2000.�

[35] Wang, L.L. and Munir, Z.A., “Kinetic analysis of the combustion synthesis of molybdenum and titanium,” Metall. Mater. Tran. B, Vol.

26B, pp 595-601, 1995.�

[36] Eslamloo-Grami, M., and Munir, Z.A., “Effect of nitrogen pressure and diluent content on the combustion synthesis of titanium nitride,” J.

Am. Ceramic Soc., Vol. 73, No. 5, pp. 2222-2227, 1990.�

[37] Zhang, S., and Munir, Z.A., “The combustion synthesis of refractory nitrides, part Π.The synthesis of niobium nitride,” J.Mater. Sci., Vol.

26, pp. 3380-3385, 1991.�

[38] Martinez-Sanchez R., Matutes-Aquino, J.A., Ayala-Valenzuela, O. and De la Torre, S.D., “Magnetic properties of mechanically alloyed Co

–Ti powder,” Physica: B, Vol. 320, pp. 285-287, 2002.�

[39] Liang, H., Chang, Y.A., “Thermodynamic modeling of the Nb-Si-Ti ternary system,” Intermetallics, Vol. 7, pp. 561-570, 1999.�

[40] Cacciamani, G., Ferro, R., Ansara, I. and Dupin, N., “Thermodynamic modelling of the Co-Ti system,” Intermetallics, Vol. 8, pp.

213-222, 2000.


