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SUMMARY AND CONCLUSIONS 
Advanced materials with new applications and functions are of 

vital importance to industry development. It is not easy to produce 

advanced materials without introducing new synthesis processes. One of 

the most recent and important techniques is known as combustion 

synthesis or self-propagating high temperature synthesis (SHS) which 

used mainly to produce advanced materials. Titanium carbide/aluminum 

oxide TiC/Al203 composites have become an important class of the 

cutting tools materials and have a wide range of applications. 

The present investigation aims to synthesize titanium 

carbide/aluminum oxide TiC/Al203 composites by self-propagating 

combustion technique. The dependence of microstructure, composition 

and density of products, as well as combustion temperature and the wave 

velocity, on the Al grain size, Al content and initial temperature of the 

reaction were studied. The work was extended to Study the 

thermodynamics and kinetics of the different reactions occurring during 

the combustion process. The adiabatic temperature and the activation 

energy of the combustion reactions using the wave velocity 

measurements method were calculated. 

The thesis comprises of three parts as follows: 

1-LITERATURE 

The literature review covered the previous works applied for the 

synthesis of TiC and its composites with A1203 with special emphasis on 

the synthesis with self-propagation combustion technique. 

2-EXPERIMENTAL 

This part consists of: 

i- About raw materials, there types, sizes and purity. 
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ii- Synthesis procedure, which included mixing, briquetting, 

combustion synthesis reactor and synthesis. 

iii- Characterization of the products using x-ray diffraction analysis 

(X-ray), optical microscope (OM), scanning electron 

microscope investigation (SEM), Archimedean method and 

oxidation behavior. 

3- RESULTS AND DISSCUSIONS 

The results obtained from these studies are summarized as follows: 

i. Thermodynamic clarifications for Combustion Synthesis of 

TiC/Al203 

■ The adiabatic temperature Tad of a combustion reaction was the 

maximum achievable combustion temperature in case of 

adiabatic conditions and increased linearly with increasing the 

initial temperature of the reaction. The adiabatic temperature of 

the reaction at 298 K was 2403 K which was higher than that of 

the empirical value 1800 K which means that the reaction 

between Ti02, Al and C can proceed in a self-sustaining manner. 

■ The effect of the presence of excess Al, x, mol (per one mole of 

TiC) on the Tad of the combustion reaction at 298 K was 

calculated. Increasing value of x to 0.159 reduces Tad to the 

melting point of A1203 (2323 K) and then Tacj becomes constant 

at this value over a wide range of excess Al to x = 1.164. Further 

Al additions beyond 1.164 mol lead to a stepwise decrease in the 

value of Tad- On the other hand, at x < 0.159, the calculations 

show that 100 % of A1203 is in the molten state. However, at x > 

0.159, fraction of molten A1203 decreases gradually and become 

zero a tx> 1.164. 
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Combustion synthesis of TiC/AI203 composite at room 

temperature 

Combustion synthesis of TiC/Al203 from its starting 

materials at room temperature produced only TiC/Al203 where no 

raw materials were detected in the products by x-ray analysis. The 

combustion wave propagated in non-steady state (pulsating mode) 

and its combustion wave velocity was relatively low (1.56 mms" ). 

The measured combustion temperature was 1857 °C and The 

maximum heating rate during the combustion synthesis was 3464 

°C/s. Optical microscopy (OM) of the microstructure for the 

product (longitudinal section) showed the formation of laminated 

structure of alternatively large pores and ceramic of different sizes. 

The volume fraction of the pores was measured by Archimedean 

method and equal to 43 %. Scanning electron microscopy (SEM) 

showed the existence of two different phases, dark phase (A1203) 

and colorless phase (TiC). 

Synthesis of TiC/AI203 composites at different Al grain sizes 

■ Five different samples containing aluminum powder with 

different grain sizes less than (20, 36, 53, 71, 93 urn) were 

successfully synthesized by SHS process except at < 93 pm 

where, the reaction failed to propagate. 

■ The combustion wave velocities were inversely proportional to 

the aluminum grain sizes and propagated in pulsating mode. The 

measured wave velocities for different grain sizes less than (20, 

36, 53, 71, pm) were (1.63, 1.56, 1.44, 0.89 mm/s) respectively. 

No significant change in the combustion temperature was 

observed with increasing the grain size of Al. 
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■ Microscopic investigations of the combustion products showed 

that at less than 20 um Al grain size, dark and colorless phases 

formed more homogeneous structure with interpenetrating 

phases, while, at higher grain sizes the produced microstructures 

were composed of two separate phases (dark and colorless), 

where the dark phase form bigger grain than the colorless phase. 

Effect of aluminum (Al) addition 

■ Excess aluminum addition up to 15.83 wt % (4 mol) reduce the 

combustion wave velocity to 1.1 mm/s, and the reaction fails to 

propagated at excess aluminum of 21.38 wt % (6 mol). Where, 

the relative density of the products increased to 66 %. XRD 

analyses of the products revealed understandably the presence 

of TiC/Al203 as the main phase beside a moderate intensity 

peaks corresponding to aluminum metal. 

■ Microscopic investigation of these materials showed that the 

structure of the products changes from separated phases to a 

homogenous structure with increasing the aluminum addition. 

Effect of preheating on the combustion synthesis of 

TiC/Al203 

■ Combustion synthesis of T1C/AI2O3 composite was carried out 

at different initial temperatures of (192, 299, 415, 501 and 597 

°C). 

■ The calculated adiabatic temperatures under these conditions 

were 2260.27, 2339.38, 2440.93, 2511.95 and 2583.77 °C, 

respectively. 

■ The measured combustion temperatures of these reactions were 

1887, 1917, 1967,2002 and 2179 °C, respectively. 
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■ The combustion wave velocities of these reactions were 1.88, 

3.26, 3.84, 4.67 and 5.99 mm/s, respectively. 

■ Generally, the rate of heating dT/dt increased with increasing 

the initial temperature of the reactants and equaled 3616, 4210, 

4860, 5227 and 5644 °C/s, respectively. 

■ XRD of product carried out at 415 °C as preheating 

temperature, showed, no difference between this product and 

that one carried out at room temperature where, TiC and Ai203 

peaks were present, and no peaks corresponding to the starting 

materials were observed. 

■ As the initial temperature increased, the microstrycture of the 

products tended to form interpenetrating phases. A1203 seems to 

be more sintered with increasing the initial temperature. 

v. Activation energy calculations 

■ Activation energy of the different combustion reactions was 

calculated by wave velocity measurements and was found to be 

316.34 kJ/mol for the combustion synthesis of Ti02 + 4/3A1+C 

reaction. 

■ The determined activation energy in case of adiabatic 

conditions was 348.36 kJ/mol, which was higher than that in 

case of non-adiabatic condition. 

- 84 - SUMMARY AND CONCLUSIONS 

o b e i k a n d l . c o m



REFERENCES 

o b e i k a n d l . c o m



References 
1. www.mtc.engr.siu.edu/mtc/docs/research/koc.htm., Rasit Koc 

"New method of metal carbides, nitrides, and borides, Mechanical 

engineering and energy processes. 

2. P. F. Becher, G. C. Wei, Toughening "Behavior in SiC-whisker-

reinforced alumina", J. Am. Ceram. Soc. 67 (12) C267-C269 

(1984). 

3. D. Jianxin, A. Xing, "Wear behavior and mechanisms of alumina-

based ceramic tools in machining of ferrous and non-ferrous 

alloys", Tribol Int. 30 (11) 807-813 (1988). 

4. E. D. Whitney, P. N. Vaidyanathan, "Microstructural engineering 

of ceramic cutting tools", Ceram. Bull. 67 (6) 1010-1014 (1988). 

5. S. F. Wayne, S. T. Buljan, "The role of thermal shock on tool life 

of selected ceramic cutting tool material", J. Am. Ceram. Soc. 72 

(5) 754-760 (1989). 

6. T. Sornakumar, "Advanced ceramic-ceramic composite tool 

materials for metal cutting application", Key Eng. Mater. 114 173— 

188(1996). 

7. M. Sternitzke, Review: "Structural ceramic nanocomposites", J. 

Eur. Ceram. Soc. 17, 1061-1082 (1998). 

8. A. Krell, P. Blank, L. M. Berger, V. Richter, "Alumina tools for 

machining chilled cast iron, hardened steel", Am. Ceram. Soc. 

Bull. 78(12)65-73(1999). 

9. B. Kerkwijk, J. J. C. Buizert, H. Verweij, "Tribological tests verify 

wear resistance", Am. Ceram. Soc. Bull. 79 (1) 49-53 (2000). 

10.D. Jianxin, A. Xing, "Wear resistance of Al203/TiB2 ceramic 

cutting tools in sliding wear tests and in machining processes", J. 

Mater. Process. Tech. 72, 249-255 (1997). 

- 8 5 - References 

o b e i k a n d l . c o m

http://www.mtc.engr.siu.edu/mtc/docs/research/koc.htm


ll.Y. W. Kim, J. G. Lee, "Pressureless sintering of alumina-titanium 

carbide composites", J. Am. Ceram. Soc. 72 (8) 1333-1337 (1989). 

12.S. B. Bhaduri, R. Radhakrishnan, and Z. B. Qian, Scripta Met. et 

Mater. 29, 1089,(1993). 

13.C. R. Bowen, and B. Derby, "Self-propagating high temperature 

synthesis of ceramic materials", British Ceram. Trans. 96, 1, 25-

31,(1997). 

14.N. P. Novikov, I.P. Borovinskaya, and A. G. Merzhanov, 

"Combustion processes in chemical technology and metallurgy", 

(ed. A. G. Merzhanov), 174, Chernogolovka, (1975). 

15.Z. A. Munir, and U. Anselmi-Tamurini, Mater. Sci. Rep., 3, (7-8), 

277, (1982). 

16.Z. A. Munir, Cerm. Bull., 67 (2), 342, (1988). 

17.C. R. Bowen and B. Derby, Acta Metall. Mater., 43, (10), 3903-

3913,(1995). 

18.B. I. Khaikin, and A. G. Merzanov, "Theory of thermal 

propagating of a chemical reaction front", Comb. Explos. Shock 

Wave., 2, (3), 22-27, (1966). 

19.S. Dunmead and Z. Munir, "Temperature profile analysis in 

combustion synthesis: I, Theory and background", J. Am. Ceram. 

Soc.,75,(l), 175-179,(1992). 

20.T. Boddington, P. Laye, H. Moris, C. Rosser, E. Charsley, M. Ford 

and D. Tolhurst, "A study of pyrotechnic reactions by temperature 

profile analysis and differential thermal analysis", Combust. Flame, 

24,137-138,(1975). 

21.T. Boddington, P. Laye, J. Tipping and D. whalley, "Kinetic 

analysis of temperature profiles for pyrotechnic systems", 

Combust. Flame, 63, 359-368, (1986). 

- 8 6 - References 

o b e i k a n d l . c o m



22.S. Krapf, "Process Using Heat of reaction", Ber. Deut. Keram. 

Ges.,3\, 1, 18-21,(1954). 

23.J. D. Walton, Jr. and N. E. Poulos, "Cermets from thermite 

reactions", J. Am. Ceram. Soc, 42, 1, 40-49, (1959) 

24.R. Abramovici, and M. Enache, "Alumino-thermal production and 

study of mixed ceramic bodies in the system Al203-MoSi2", 

Keram. Zeits., 19, (11) 699-702, (1967). 

25.A. G. Merzhanov, and I. P. Borovinskaya, "Self-propagating high 

temperature synthesis of refractory inorganic compounds" Dokl. 

Acad. Nauk. SSSR (Engl. Transl.), 204, 2,429, (1972). 

26.J. W. McCauley, Ceram. Eng. Sci. Proc. 11,1137 (1990). 

27.W. F. Henshaw, A. Niiler and T. Leete, Ceram. Eng. Sci Proc. 4, 

634 (1983). 

28.J. W. McCauley, N. D. Corbin, T. Resetar and P. Wong, Ceram. 

Eng. Sci. Proc. 3, 538 (1982). 

29.G. Y. Richardson, R. W. Rice, W. J. McDonough, J. M. Kunetz 

and T. Schroeter, Ceram. Eng. Sci. Proc. 1,1'61 (1986). 

30.R. W. Rice, Ceram. Eng. Sci Proc. 11, 1226 (1990). 

31.K. V. Logan and J. D. Dalton, Ceram. Eng. Sci. Proc. 5, 111 

(1984). 

32.K. V. Logan. J. T. Sparrow and W. J. S. McLemore, "Combustion 

and Plasma Synthc. Materials" (edited by Z. A. Munir and J. B. 

Holt) p. 219. VCH. Weinheim (1990). 

33.J. B. Holt and Z. A. Munir, J. Marer. Sci. 21, 251 (1986). 

34.S. D. Dunmead, Z. A. Munir and J. B. Holt, Solid State Ionics 

32/33,474(1989). 

35.Y. Miyamoto. M. Koizumi and O. Yamada, J. Am. Ceram. Soc. 

67(1 l),C-224 (1984). 

- 8 7 - References 

o b e i k a n d l . c o m



36.M. Koizumi and Y. Miyamoto, "Combustion and Plasma Synthesis 

of High-Temperature Materials" (edited by Z. A Munir and J. B. 

Holt) p. 54. VCH, Weinheim (1990). 

37.0. Odawara and J. Ikeuchi, J. Jpn. Inst. Metals, 45, 316 (1981). 

38.0. Odawara and J. Ikeuchi, J. Am. Ceram. Soc. 64(4), C-86 (1984). 

39. J. John Moore and H. J. Feng, "Combustion synthesis of advanced 

materials: part I. Reaction Parameters" Progress in Moterids 

Science, Vol. 39, pp. 243-273. (1995). 

4Q.www.ism.ac.ru/handbook/0photo.htm. 

41. A. Makino, "Fundamental aspects of the heterogeneous flame in 

the self-propagation high temperature synthesis (SHS) process", 

Progress in Energy and Combustion Science, 27, 1-74, (2001). 

42.L. M. Sheppard, Adv. Mater. Processes, 2, p. 25, (1986). 

43.A. R. Sarkisiyan, Comb. Expl. Shock Waves, 15, p. 310, (1979). 

44.T. S. Azatyan, et al., Comb. Expl. Shock Waves., 15, p. 35, (1979). 

45.A. Makino, and C. Law, "SHS Combustion characteristics of 

several ceramics and intermetallic compounds", J. Am. Ceram. 

Soc, 11, (3), 778-786, (1994). 

46.C. R. Bowen, B. Derby, J. of Materials Science, vol. 31, 3791-

3803, (1996). 

47.R. W. Rice, G. Y. Richardson, J. Kunetz, T. Schroeter, and W. J. 

Mcdonough, "Effects of self-propagation synthesis reactant 

compact character on ignition, propagation, and microstructure", 

Adv. ceram. Mater., Vol. 2, NO. 3A, (1987). 

48.D. Horvitz, I. Gotman, E.Y. Gutmanas, N. Claussen, " In situ 

processing of dense Al203-Ti aluminide interpenetrating phase 

composites", J. Eur. Ceram. Soc, 22, 947-954, (2002). 

49.K. S. Kumar, J. A. Puszynski, and V. Hlavacek, "Combustion and 

plasma synthesis of high temperature materials", (ed.Munir Z. A 

- 8 8 - References 

o b e i k a n d l . c o m

http://4Q.www.ism.ac.ru/handbook/0photo.htm


and J. B. Holt), Proc. 1st Int. Symp. On Combustion and Plasma 

Synthesis 23-26 October (1988), San Francisco, CA, New York, 

NY, VCH. 

50. H. J. Feng, J. J. Moore, "High temperature materials", (ed. W. 

Johnston and R. A. Rapp), 132, (1990), Pennington, NJ, The 

Electrochem. Soci. 

51. R. W. Rice: J. Mater. ScL, 24, 6533-6541, (1991). 

52. H. J. Feng, J. J. Moore, and D. G.Wirth, Metall. Trans. 23A, 2373, 

(1992). 

53. T. Kottke, L. J. Kecskes, and A. Niler: AIChE J., 36, (10), 1581, 

(1990). 

54.T. Kottke, L. J. Kecskes and A. Niiler, J. Aiche 36, 1581(1990). 

55.S. D. Dunmead, D. W. Ready and C. E. Semier, J. Am. Ceram. 

Soc. 72,2318(1989). 

56.A. Varma and J. Lebrat," Combustion synthesis of advanced 

materials", Chem. Eng. ScL, Vol. 47, No. Y-l 1, 2179-2194, (1992). 

57.Z. Y. Fu, R. Z. Yuan, Z. A. Munir and Z. L. Wang, Int. J. SHS 1, 

119(1992). 

58.W. R. Wrzesinski, and J. C. Rawers: J. Mater. Sci. Lett., 9, 432, 

(1990). 

59.S. D. Dunmead, D. W. Rreadey, and C. E. Semier: J. Am. Ceram. 

Soc.,12,{\2), 2318, (1989). 

60.W. J. Botta, V. C. Pandolfelli, J. A. Rodrigues, R. Tomasi, R. 

Stevens, B. Derby and R. J. Brook, J. Eur. Ceram. Soc., 9, 67, 

(1992). 

61.J. H. Lee, S. K. Ko, C. W. Won, "Combustion characteristics of 

Ti02/Al/C system", Mater. Research Bull, 36, 1157-1167 (2001). 

62.S. C. Deevi, "Self-propagating high temperature synthesis of 

molybdenum disilicide", J. Mater. Sci., 26, p. 3343. (1991). 

_ 89 - References 

o b e i k a n d l . c o m



63J. B. Holt and Z. A. Munir, J. Mater. ScL, 21, 251, (1986). 

64.A. H. Advani, N. N. Thadhani, H. A. Gerbe, R. Heaps, C. Coffin, 

and T. Kottke, J. Mater. ScL, 27, 3309, (1992). 

65.Z. A. Munir and U. Anselmi-Tamburini, Mater. ScL Rep. 3, 277 

(1989). 

66.A. Zuhair Munir and Umberto Anselmi-Tamburini, " Self-

propagating exthothermic reactions: The synthesis of high-

temperature materials by combustion", Mater. ScL Rep., 3, 277-

365(1989) 

67.C. Yi, A. Petric, and J. J. Moore, J. Mater. ScL, 27, 6797, (1992). 

68.D. Halverson, B. Y. Lum and Z. A. Munir, "In symposium on 

High-Temperature Materials IV at the 172nd Meeting of the 

Electrochemical Society", Honolulu, edited by Z. A. Munir et al., 

Electrochem. Soc, p. 613, (1987). 

69.Z. A. Munir, Ceram. Bull., 67, 342, (1988). 

70.Z. A. Munir and V. Anselmi, Mater. ScL Rep., 3, 277, (1989). 

71.A. G. King, "Ceramics for cutting metals", Bull. Am. Ceram. Soc, 

43(5)395-401,(1965). 

72.J. G. Baldoni, S. T. Buljan, "Ceramics for machining", Am. Ceram. 

Soc. Bull. 76 (2) 381-387 (1988). 

73 .N. Ichinose, K. Komeya, N. Ogino, A. Tsuge, Y. Yokomizo, 

"Introduction fine ceramics applications in engieneering", 

Translated by K. Hisatake and C, Oaschmann, p 52,53. 

74.T. B. Massalki, H. Okamoto, P. R. Subramanian and C. Kacprzak 

(editors), Binary Alloy Phase Diagrams. William W. Scott, Jr 

(1990). 

75.H. G. Kjhf, E. Wiedemann Sturzenegger, O. Bayer and R. 

Wersicken, Naturwissenschaften 61, 65 (1974). 

- 9 0 - References 

o b e i k a n d l . c o m



76.P. V. Ananthapadmanabhan, R. Patrick Taylor, "Titanium carbide-

iron composite coatings by reactive plasma spraying of Ilmenite", 

J. Alloys and Compounds, 287, 121-125, (1999). 

77.S. R. Qi, X. T. Huang, Z. W. Gan, X. X. Ding, Y. Cheng, 

"Synthesis of titanium carbide nanowires", /. Crystal Growth, 219, 

485-488 (2000). 

78.D. Han, P. K. Song, K. Cho, Y. H. Park, K. H. Kim, "Synthesis and 

mechanical properties of Ti-Si-C films by a plasma-enhanced 

chemical vapor deposition", Surface and Coatings Technology, 

446-451(2004). 

79.R. Licheri, R. Orru, G. Caoa, A. Cripp, R. Scholz, "Self-

propagating combustion synthesis and plasma spraying deposition 

of TiC-Fe powders", Ceram. International 29, 519-526 (2003). 

80.S. Tondu, T. Schnick, L. Pawlowski, B. Wielage, S. Steinhauser, L. 

Sabatier, "Laser glazing of FeCr-TiC composite coatings", Surface 

and Coatings Technology 123,247—251 (2000). 

8I.E. Storms, Refractory Carbides, Atomizdat, Moscow, (1970). 

82.Y. A. Kotov, O. M. Samatov,^cto Metallurg. 12, 119 (1999). 

83.A. G. Merzhanov, Twenty years of search and findings, in: Z.A. 

Munir, J. B. Holt (Eds.), "Combustion and Plasma Synthesis of 

High-Temperature Materials", VCH Publications Inc., New York, 

p. 1,(1990). 

84.A. G. Merzhanov, J. Mat. Proc. Tech. 56, 222 (1996). 

85.J. J. Moore, H. J. Feng, Prog. Mater. Sci. 39, 275 (1995). 

86.L. A. Dobrza nski, "Fundamentals of Materials Science and 

Physical Metallurgy Engineering Materials with the Fundamentals 

of Materials Design", WNT, Warszawa, 2002 (in Polish). 

- 9 1 - References 

o b e i k a n d l . c o m



87.L. A. Dobrzanski, E. Hajduczek, J. Marciniak, R. Nowosielski, 

"Physical Metallurgy and Heat Treatment of Tool Materials, WNT, 

Warszawa, 1990 (in Polish). 

88.J. Miku, "Structure and properties of A1203 based on tool oxide 

ceramics with wear resistant PVD and CVD coatings", Ph.D. 

Thesis, Silesian University of Technology, Faculty of Mechanical 

Engineering, Gliwice, 2004 (in Polish). 

89.L. A. Dobrzanski, K. Goombek, J. Kopa, M. Sokovi, Mater. Sci. 

Forum 437 (4) 41-44 (2003). 

90.L. A. Dobrzanski, J. Miku, "Proceedings of the 13th International 

Conference on Processing and Fabrication of Advanced Materials", 

Singapore, December 6-8, (2004). 

91.L. A. Dobrzanski, D. Paku, K. Goombek, J. Miku, "Proceedings of 

the 11th Scientific International Conference AMME03", Gliwice-

Zakopane, 2002, pp. 131-134 (in Polish). 

92.L. A. Dobrzanski, J. Miku, D. Paku, J. Kopa, M. Sokovi, 

"Proceedings of the 11th Scientific International Conference 

AMME'03", Gliwice-Zakopane, 2003, pp. 249-252. 

93. V. Ucakar, K. Dreyer, W. Lengauer, "Near-surface microstructural 

modification of (Ti,W)(C,N)/Co hardmetals by nitridation", 

International J. Refractory Metals & Hard Materials, 20, 195-200 

(2002) 

94.L. A. Dobrzanski, J. Miku, "Proceedings of the 11th. International 

Conference on Composites/Nano Engineering (ICCE - 11)", South 

Carolina, 2004, pp. 137-138. 

95.M. Sokovi, J. Miku, L.A. Dobrza nski, J. Kopa, W. Kosec, P. 

Panjan, J. Madejski, A. Piech, "The Worldwide Congress of 

Materials and Manufacturing Engineering and Technology 

COMMENT", Wis, the same issue. 

- 9 2 - References 

o b e i k a n d l . c o m



96.Y. Choi, M.E. Mullins, K. Wijayatilleke, and J. K. Lee, 

"Fabrication of metal matrix composites of TiC-Al through self-

propagation synthesis reaction", Metall. Trans. A, vol. 23A, 2387-

2392, September (1992). 

97.P. Li, E. G. Kandalova, V. I. Nikitin, A. G. Makarenko, A. R. Luts, 

Z. Yanfei, "Preparation of Al-TiC composites by self-propagating 

high-temperature synthesis", Scripta Materialia 49, 699-703, 

(2003). 

98.W. Lee and S. Chung, "Ignition phenomena and reaction 

mechanisms of the self-propagating high-temperature synthesis 

reaction in the titanium-carbon-aluminum system", J. Am. Ceram. 

Soc, 80(1), 53-61,(1997). 

99.1. Song, D. K. Kim, Y. Hahn, H. Kim, "Investigation of Ti3AlC2 in 

the in situ TiC-Al composite prepared by the exothermic reaction 

process in liquid aluminum", Materials Letters 58, 593- 597 

(2004). 

100. N. Zarrinfar, P. H. Shipway, A. R. Kennedy, A. Saidi, " Carbide 

stoichiometry in TiCx and Cu-TiCx produced by self-propagating 

high-temperature synthesis", Scripta Materialia 46, 121-126, 

(2002). 

101. C. Curfs, I. G. Cano, G. B. M. Vaughan, X. Turrillas, A. Kvick, 

M. A. Rodriguez, "TiC-NiAl composites obtained by SHS: a time-

resolved XRD study", J. Eur. Ceram. Soc, 22, 1039-1044, 

(2002). 

102. Z. Y. Fu, H. Wang, W. M. Wang, R. Z. Yuan, "Composites 

fabricated by self-propagating high-temperature synthesis", J. 

Mater. Processing Technology, 137, 30-34 (2003). 

103. C. Deidda, F. Delogu, F. Maglia, U. Anselmi-Tamburini, G. 

Cocco, "Mechanical processing and self-sustaining high-

- 9 3 - References 

o b e i k a n d l . c o m



temperature synthesis of TiC powders", Mater. Sci En., 1-4 

(2004). 

104. R. Licheri, R. Orru, G. Cao, A. Crippa, R. Scholz, "Self-

propagating combustion synthesis and plasma spraying deposition 

of TiC-Fe powders", Ceram. International, 29, 519-526, (2003). 

105. H. Y. Wang, Q. C. Jiang, X. L. Li, J. G. Wang, "In situ synthesis 

of TiC/Mg composites in molten magnesium", Scripta Met. 48, 

1349-1354,(2003). 

106. H. Y. Wang, Q. C. Jiang, X. L. Li, F. Zhao, "Effect of Al content 

on the self-propagating high-temperature synthesis reaction of Al-

Ti-C system in molten magnesium", J. Alloys and Compounds 

366, L9-L12, (2004). 

107. H. Jie-Cai, X. Zhang, J. V. Wood, "In-situ combustion synthesis 

and densification of TiC-xNi cermets", Mater. Sci. En., A280, 

328-333 (2000). 

108. Z. Xinghong, Z. Chunchen, Q. Wei, H. Xiaodong, V. L. Kvanin, 

"Self-propagating high temperature combustion synthesis of 

TiC/TiB2 ceramic-matrix composites", Composites Science and 

Technology 62, 2037-2041, (2002). 

109. H. B. Rabin, E. G. Korth, and L. R. Williamson, "Fabrication of 

titanium carbide-alumina composites by combustion synthesis and 

subsequent dynamic consolidation", J. Am. Ceram. Soc, 73 (7), 

2156-2157,(1990). 

110.H. J. Feng, John J. Moore, and D. G. Wirth, "Combustion 

synthesis of ceramic-metal composite materials: the TiC-AkCVAl 

system", Metall. Trans. A, 23A, 2373-2379, September (1992). 

11 l.C. R. Bowen and B. Derby, "Differential thermal analysis of 

ignition temperatures in a self-propagating high-temperature 

synthesis reaction", J. Thermal Analysis, 42, 731-719, (1994). 

- 9 4 - References 

o b e i k a n d l . c o m



112. H. J. Feng and J. J. Moore,"High temperature materials" edited by 

W. Johnston and R. A. Rapp , Electrochem. society, 123, (1990). 

113.D. Atong, D. E. Clark, "Ignition behavior and characteristics of 

microwave-combustion synthesized A^C^-TiC powders", Ceram. 

International 30, 1909-1912 (2004). 

114. Q. Dong, Q. Tang, W. C. Li, D. Y. Wu, "The effect of Zr02 

nanoparticles on Ti02 -Al-C combustion synthesis system", Mat. 

Letters 55, 259-264 (2002). 

115. L. Zhang, R. V. Koka, "A study on the oxidation and carbon 

diffusion of TiC in alumina-titanium carbide ceramics using XPS 

and Raman spectroscopy", Mat. Chem. Phys., 57, 23-32 (1998). 

116. X. N. Zhang, C. Li, X. C. Li, L. J. He, "Oxidation behavior of in 

situ synthesized TiC/Ti-6Al composite", Mater. Letters, 57, 3234-

3238 (2003). 

117. Z. Li, W. Gao, J. Liang, D. L. Zhang,"Oxidation behaviour of 

Ti3Al-TiC composites", Mater. Letters, 57, 1970-1976 (2003). 

118. A. Onuma, H. Kiyono, S. Shimada, M. Desmaison, "High 

temperature oxidation of sintered TiC in an H20-containing 

atmosphere", Solid State Ionics 172, 417-419 (2004). 

119.R. David, E. Lide, "CRC Handbook of Chemistry and Physics", 

Internet Version (2005), http://www.hbcpnetbase.com. 

120. Z. I. Mohamed, M. B. Morsi, "Preparation of some Silicides by 

Self-propagating Combustion technique", Ph.D. Thesis, Cairo 

University, Faculty of Science, (2004). 

121.1. Barin and O. Knacke, "Thermal properties of inorganic 

substances" Springer-Verlag, New york, (1973). 

- 9 5 - References 

o b e i k a n d l . c o m

http://www.hbcpnetbase.com


Arabic summary 

o b e i k a n d l . c o m



^ J * 1 $ ^lA^La. ^ » 4 ^ &aA\A ^A4A 

(JMJA CUSU ±*XA /J j 

(uiUlal) g_jSl*M kijJaadS J J C f Uaalll jlluil 

Y . ^ 

o b e i k a n d l . c o m



(oaL) f j k i \ h& _ JA j ir i AX^U 

u l -A.)L>1 QJOJ_JJ 'I < ^ . A "\ A " \ A 

^ jJ-J l l—J- l j l A3 J ^ £ C J I J £l_pua ( j> i , «-J j_J_jJa_=k_3 • p j ) " ^ J - * /«■£ 

> jVl f > - (vJULl) ^ ^ ^ 

*l - : 1 

^ • > . / -

C5^J* 

( ) ( ) 

(js-iW <n\\ 

( 

4_ii£j| AIAO 

( ) 

o b e i k a n d l . c o m



( Q& ) ^jkJi A ^ S - jAjir i 4**u 

MJLu îl 
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