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ABSTRACT

Formation of ternary carbide Ti3SiC2, Ti3AlC2, Ti2AlC and Ta2AlC was conducted by self-propagating high-temperature

synthesis (SHS). Effects of the carbon source and sample density on flame-front propagation velocity, combustion temperature and

phase composition of the product were studied. The carbon source employed in the starting mixture includes carbon black (Cb),

graphite (Cg), titanium carbide (TiC), silicon carbide (SiC) and aluminum carbide (Al4C3), and their influence on combustion

behavior and product composition was also explored. When ternary carbides were synthesized from the elemental powder compacts

with carbon black, the reactant compact was subjected to considerable deformation, including axial elongation and radial

contraction. On the contrary, the sample using graphite was slightly shrunk during the SHS process. For the elemental powder

compacts containing carbon black, the flame propagation velocity and combustion temperature increase with sample density, reach

maximum values and then decrease with further increase of sample density. When compared with samples using carbon black as the

source of carbon, the reactant compacts with the use of graphite or addition of TiC, SiC, and Al4C3 exhibited slower reaction fronts

and lower combustion temperatures. From the SEM observations, Ti3SiC2 and Ta2AlC are typically elongated grains, and

Ti3AlC2 and Ti2AlC are plate grains with a closely packed pattern. Based upon the XRD analysis, formation of Ti3SiC2 along with

a major impurity TiC and a small amount of Ti5Si3 was identified. According to the XRD profile, an improvement in the yield of

Ti3SiC2 was observed with the addition of TiC and SiC and optimal conversions reaching 84.8 and 83.8 vol% were achieved by the

samples with 20 mol% TiC and SiC, respectively. For the synthesis of Ti3AlC2, an optimal conversion yielding a product with 84.6

wt% Ti3AlC2 was obtained from the sample composed initially of 20 mol% TiC. When producing Ti2AlC, the best conversion of

89.2 wt% was attained in the sample containing 14.3 mol% TiC. However, in the case of forming Ta2AlC, the purity of Ta2AlC

increases with the mole fraction of Al and the product is composed only of Ta2AlC and Ta4AlC3 as the sample contains 42.3 mol%

Al. In addition, TiAl-Ti2AlC in situ composites were produced by self-propagating high-temperature synthesis from the mixed

powders of Ti, Al and Cb. The XRD patterns showed that the synthesized products mainly consisted of TiAl, Ti3Al, Ti2AlC and

TiC. When the mole fraction of TiAl was varied from 40 to 60 mol%, however, the products contained only TiAl and Ti2AlC.

Keywords : Ti3SiC2 ; Ti3AlC2 ; Ti2AlC ; Ta2AlC ; TiAl-Ti2AlC ; SHS ; flame-front velocity ; combustion temperature

Table of Contents

封面內頁 簽名頁 授權書......................................... iii 中文摘要....................................... iv ABSTRAC........................................ vi 

誌謝........................................... viii 目錄........................................... ix 圖目錄......................................... xii 表目

錄......................................... xix 第一章 緒論.................................... 1 1.1研究背景.................................... 1 1.2文獻回

顧.................................... 3 1.2.1固相燃燒合成之相關文獻.................... 3 1.2.2三元化合物之簡介.......................... 3 1.2.3 Ti3SiC2

之相關文獻........................ 4 1.2.4 Ti3AlC2之相關文獻........................ 5 1.2.5 Ti2AlC之相關文獻......................... 7 1.2.6

TiAl-Ti2AlC之相關文獻.................... 8 1.2.7 Ta2AlC之相關文獻......................... 8 1.3 研究目的................................... 9 第二章 

研究方法................................ 10 2.1 試片配置................................... 10 2.1.1 Ti3SiC2.................................. 10 2.1.2

Ti3AlC2.................................. 11 2.1.3 Ti2AlC................................... 12 2.1.4 TiAl-Ti2AlC.............................. 13 2.1.5

Ta2AlC................................... 13 2.2 燃燒室主體................................. 14 2.3 資料擷取系統............................... 14 2.4 影像擷取系

統............................... 15 2.5 產物分析................................... 16 第三章 結果與討論.............................. 17 3.1 Ti3SiC2(碳化鈦

矽).......................... 17 3.1.1 固相火焰觀察............................. 17 3.1.2 燃燒溫度量測............................. 18 3.1.3 火焰鋒面傳遞速

度......................... 19 3.1.4 產物分析與微結構之觀察................... 20 3.2 Ti3AlC2(碳化鈦鋁).......................... 22 3.2.1 固相火焰觀

察............................. 22 3.2.2 燃燒溫度量測............................. 23 3.2.3 火焰鋒面傳遞速度......................... 23 3.2.4 產物分析與微

結構之觀察................... 24 3.3 Ti2AlC(碳化鈦鋁)........................... 26 3.3.1 固相火焰觀察............................. 26 3.3.2 溫度量測與

火焰鋒面傳遞速度............... 27 3.3.3 產物分析與微結構之觀察................... 27 3.4 TiAl-Ti2AlC複合材料........................ 28 3.4.1 

固相火焰觀察............................. 28 3.4.2 溫度量測與火焰鋒面傳遞速度............... 29 3.4.3 產物分析與微結構之觀察...................

29 3.5 Ta2AlC(碳化鉭鋁)........................... 30 3.5.1 固相火焰觀察............................. 30 3.5.2 溫度量測與火焰鋒面傳遞速

度............... 30 3.5.3 產物分析與微結構之觀察................... 31 第四章 結論.................................... 32 參考文

獻....................................... 35 附錄........................................... 42



REFERENCES

[1] J. P. Lebrat, Ph. D thesis, Univ of Nniv. of Notre Dame ,1992.�

[2] A. Varma and J. P. Lebrat, Chem. Eng. Sci., 47, 2179 ,1992.�

[3] D. Luss, Chem. Eng. Sci., 45, 1979 ,1990.�

[4] Z. A. Munir, and J. B. Holt, "Combustion and Plasma Synthesis of High Temperature Material", VCH Pub., New York ,1990.�

[5] M. W. Barsoum, “The MN+1AXN Phases: Anew Class of Solids; Thermodynamically Stable Nanolaminates,” Prog Solid St Chem. Vol.,

28, 201-281, 2000.�

[6] M. W. Barsoum and T. El-Raghy, “Synthesis and Characterization of a Remarkable Ceramic:Ti3SiC2,” J. Am. Ceram. Soc., 79(7),

1953-1956, 1996.�

[7] T. El-Raghy, A. Zavaliangos, M. W. Barsoum and S. R. Kalidindi, “Damage Mechanism around Hardness Indentation in Ti3SiC2,” J. Am.

Ceram. Soc., 80(2), 513-516, 1997.�

[8] M. W. Barsoum and T. El-Raghy, “Oxidation of Ti3SiC2 in Air,” J. Electrochem. Soc., 144(7), 2508- 2516, 1997.�

[9] T. El-Raghy, M. W. Barsoum, A. Zavaliangos and S. R. Kalidindi, “Processing and Mechanical Properties of Ti3SiC2:Ⅱ, Effect of Grain Size

and Deformation Temperature,” J. Am. Ceram. Soc., 82(10), 2855-2860, 1999.�

[10]W. Jeitschko, H. Nowotny, “Die Kristallstuctur von Ti3SiC2－Ein Neuer Komplexcarbid- Typ,” Monatasch. Fur. Chem., 98, 329-337,

1967.�

[11]T. Goto, T. Hirai, “Chemically Vapor Deposited Ti3SiC2,” Mat. Res. Bull., 22, 1195-1201, 1987.�

[12]S. Arunajatesan, A.H. Cerim, “Synthesis of Titanium Silicon Carbide,” J. Am. Ceram. Soc.78, 667-672, 1995.�

[13]J. Lis, Y. Miyamoto, R. Pampuch, and K. Tanihata, “Ti3SiC2-based materials prepared by HIP-SHS techniques,” Mater. Lett. 22,

163-168, 1995.�

[14]C. Racault, F. Langlais, R. Naslain, “Solid-state synthesis and characterization of the ternary phase Ti3SiC2”, J. Mater. Sci. 29, 3384-3392,

1994.�

[15]R. Radhakrishnan, C.H. Henager Jr., J.L. Brimhall, S.B. Bhaduri, “Synthesis of Ti3SiC2/SiC and TiSi2/SiC composites using displacement

reactions in the Ti-Si-C system,” Scripta Mater. 34, 1809-1814, 1996.�

[16]R. Pampuch, J.Lis, L. Stobierski, M. Tymkiewicz, “Solid combustion synthesis of Ti3SiC2,” J. Eur Ceram. Soc. 5, 283-287, 1989.�

[17]N.F. Gao, Y. Miyamoto, K. Tanihata, “Dense Ti3SiC2 prepared by reactive HIP,” J. Mater. Sci 34, 4385-4392, 1999.�

[18]J.F. Li, F. Sato, R. Watanabe, “Synthesis of Ti3SiC2 polycrystals by hot-isostatic pressing of the elemental powders,” J. Mater. Sci. Lett. 18,

1595-1597, 1999.�

[19]R. Radhakrishnan, J.J. Williams, M. Akinc, “Synthesis and high-temperature stability of Ti3SiC2,” J. Alloys Compd. 285, 85-88, 1999.�

[20]F. Sato, J.F. Li, R. Watanabe, “Reaction synthesis of Ti3SiC2 from mixture of elemental powders” Mater. Trans. JIM 41, 605-609, 2000.�

[21]J.T. Li, Y. Miyamoto, “Fabrication of monolithic Ti3SiC2 ceramic through reactive sintering of Ti/Si/2TiC,”J. Mater. Synth. Proc. 7,

91-96, 1999.�

[22]Z.M. Sun, Z.F. Zhang, H. Hashimoto, T. Abe, “Ternary compound Ti3SiC2: Part I. Pulse discharge sintering synthesis,” Mater. Trans. 43,

428-431, 2002.�

[23]Z.F. Zhang, Z.M. Sun, H. Hashimoto, “Rapid synthesis of ternary carbide Ti3SiC2 through pulse-discharge discharge sintering technique

from Ti/Si/TiC powders,” T. Abe, Metall. Mater Trans. 43, 3321-3328, 2002.�

[24]S.L. Yang, Z.M. Sun, H. Hashimoto, T. Abe, “Synthesis of a Metallic Ceramic -Ti3SiC2 by PDS Process and its Properties,” Mat. Res.

Innovat. 755, 179-184, 2003.�

[25]S.L. Yang, Z.M. Sun, H. Hashimoto, “Reaction in Ti3SiC2 powder synthesis from a Ti-Si-TiC powder mixture,” J. Am. Ceram. Soc., 368,

312-317, 2004.�

[26]H. Hashimoto, Z.M. Sun, S. Tada, “Synthesis of Ti3SiC2 from powder blend of Ti, Si and TiC,” J. Am. Ceram. Soc., 426, 263-267, 2006.�

[27]H. Hashimoto, Z.M. Sun, S. Tada, “Morphological evolution during reaction sintering of Ti, SiC and C powder blend,” J. Am. Ceram.

Soc., in press.�

[28]J. Lis, R. Pampuch, T. Rudnik, and Z. Wegreyn, “Reaction sintering phenomena of self-propagating high-temperature synthesis- derived 23

ceramic powders in the Ti-Si-C system,” Solid State Ionics, 101-103, 59-64, 1997.�

[29]Y. Zhou, Z. Sun, “Ab initio calculation of titanium silicon carbide,” Phys. Rev. B, 60, 1441-1443, 1999.�

[30]J. Lis, R. Pampuch and L. Stobierski, “Reactions during SHS in a Ti-Si-C system,” Int. J. SHS, 1, 3, 401-408, 1992.�

[31]J. Lis, R. Pampuch, J. Piekarczyk, and L. Stobierski., “New ceramics based on Ti3SiC2,” Ceram. Int., 19, 219-222, 1993.�

[32]N.V. Tzenov, M.W. Barsoum, “Synthesis and characterization of Ti3AlC2” J. Am. Ceram. Soc. 83, 825-832, 2000.�

[33]X.H. Wang, Y.C. Zhou, “Microstructure and properties of TiAlC prepared by the solid-liquid reaction synthesis and simultaneous in-situ hot

pressing process,” Acta Mater. 50, 3141-3149, 2002.�

[34]X.H. Wang, Y.C. Zhou, “Oxidation behavior of Ti3AlC2 at 1000-1400 °C in air,” Corros. Sci. 45, 891, 2003.�



[35]X.H. Wang, Y.C. Zhou, “Oxidation behavior of Ti3AlC2 powders in flowing air,” J. Mater. Chem. 12, 2781-2785, 2002.�

[36]M.A. Pietzka, J.C. Schuster, J. Phase Equilib. 15, 392, 1994.�

[37]Y. Khoptiar, I. Gotman, E.Y. Gutmanas, “Pressure-assisted combustion synthesis of dense layered Ti3AlC2 and its mechanical properties”

J. Am. Ceram.Soc. 88, 28-33, 2005.�

[38]W.B. Zhou, B.C. Mei, J.Q. Zhu, X.L. Hong, J. Mater.Sci. 40, 2099, 2005.�

[39]J.J. Moore, H.J. Feng, “Combustion Synthesis of Advanced Materialss:Part I. Reaction Parameters,” Progress in Mater. Sci., Vol. 39,

243-473, 1995.�

[40]C. Hu, L. He, J. Zhang, Y. Bao, J. Wang, M. Li, Y. Zhou, “Microstructure and properties of bulk Ta2AlC ceramic synthesized by an in situ

reaction/hot pressing method,” J. Eur. Ceram. In press.�

[41]Y. Zou, Z.M. Sun, S. Tada, H. Hashimoto, “Synthesis reactions for Ti3AlC2 through pulse discharge sintering Ti/Al4C3/TiC powder

mixture,” Scripta Mater, 55, 767-770, 2006.�

[42]Y. Zou, Z.M. Sun, S. Tada, H. Hashimoto,”Rapid synthesis of single-phase Ti3AlC2 through pulse discharge sintering a TiH2/Al/TiC

powder mixture,” Scripta Mater. 56, 725-728, 2007.�

[43]C. Hu, L. He, J. Zhang, Y. Bao, J. Wang, M. Li, Y. Zhou, “In-situ reaction synthesis and decomposition of Ta2AlC,” J. Mat. Res. 99, 1,

2008.�

[44]B.C. Mei, Y. Miyamoto, “Investigation of TiAl/Ti2AlC composites prepared by spark plasma sintering,” Materials Chemistry and Physics,

75, 291-295, 2002.�

[45]B.C. Mei, M. Yan, J. Zhu, “Phase formation of TiAl/Ti2AlC composites by hot pressing,” J. Wuhan University of Technology, 26, 1, 2004.�

[46]B.C. Mei, M. Yan, J. Zhu, W.B. Zhou, “Preparation of TiAl/Ti2AlC composites with Ti/Al/C powders by in-situ hot pressing,” J. Wuhan

University of Technology, 21, 2006.�

[47]W.B. Zhou, B.C. Mei, J.Q. Zhu, X.L. Hong, “Rapid synthesis of Ti2AlC by spark plasma sintering technique,” Mater. Lett, 59, 131-134,

2005.�

[48]A.G. Zhou, C.A. Wang, Z.B. Ge, L.F. Wu, J. Mater. Sci. Lett. 20, 1971, 2001.�

[49]M. Lopacinski, J. Puszynski, J. Lis, “Synthesis of Ternary Titanium Aluminum Carbides Using Self-Propagating High-Temperature Synthesis

Technique,” J. Am. Ceram. Soc. 84, 3051-3053, 2001.�

[50]Y. Khoptiar, I. Gotman, “Ti2AlC ternary carbide synthesized by thermal explosion,” Mater. Lett, 57, 72, 2002.�

[51]M.W. Barsoum, D. Brodkin, T. El-Raghy, “Layered machinable ceramics for high temperature applications,” Scr. Mater. 36, 535-541,

1997.�

[52]M.W. Barsoum, M. Ali, T. El-Raghy, “Processing and characterization of Ti2AlC, Ti2AlN, and Ti2AlC0.5N0.5,” Metall. Mater. Trans.

A31, 1857-1865, 2000.�

[53]X.H. Wang, Y.C. Zhou, Z. Met.Kd, 93, 66, 2002.�

[54]P. Wang, B.C. Mei, X.L. Hong, W.B. Zhou, “Synthesis of Ti2AlC by hot pressing and its mechanical and electrical properties,” Trans.

Nonferrous Met. Soc. China, 17, 1001-1004, 2007.�

[55]Y. Zou, Z.M. Sun, H. Hashimoto, S. Tada, “Low temperature synthesis of single-phase Ti3AlC2 through reactive sintering Ti/Al/C

powders,” Mater. Sci. Eng. A473, 90-95, 2008.


