
References 
Illustration on cover page courtesy of Y. Lee and B. N. Harmon, J. of Alloys and 

Compounds, 338, 242 (2002) 

 

1. A. Kerr and R. Riedel, Handbook of Ceramic Hard Materials, Wiley-VCH 

(2000) 

2. B. A. Cook, J. L. Harringa, T. L. Lewis and A. M. Russell, Scripta Mater., 

42, 597 (2000) 

3. V. I. Matkovich and J. Economy, J. Acta Crystall., B26, 616 (1970) 

4. J. E. Lowther, J. Am. Ceram. Soc., 85, 55 (2002) 

5. H. Hofmann, Studies of some Borides of Lithium, Magnesium and 

Aluminium, Thesis, University of Stuttgart (1959) 

6. N. V. Vekshina, Y. L. Markovskii, Y. D. Kondrashev and T. K. 

Voevedskaya, J. Appl. Chem., 44, 958 (1971) 

7. T.K. Harris, E.J. Brookes and C.J. Taylor, International Journal of 

Refractory Metals and Hard Materials, 22, 105 (2004) 

8. R. W. Hertzberg, Deformation and Fracture Mechanics of Engineering 

Materials, 3rd ed., Wiley-VCH (2004) 

9. S. Wang, Y. Hsu, J. Pu, J. C. Sung and L. G. Hwa, Mat. Chem. And Phys., 

85, 432 (2004) 

10. D. M. Teter, MRS Bull., 23, 22 (1998) 

11. E. Kroke and M. Schwarz, Co-ordination Chemistry Reviews, 248, 493 

(2004) 

12. I. J. McColm, Ceramic Hardness, Plenum Press, New York, 175 (1990) 

13. A. Krell and P. Blank, European Patent, EP-756 586 B1, (1997) 

14. Y. V. Milman, S. Luyckx and I. T. Northrop,  Int. J. Refractory Metals and 

Hard Metals, 17, 39 (1999) 

15. A. Krell, Handbook of Ceramic Hard Materials, Wiley-VCH, 184 (2000) 

16. A. Krell and P. Blank, J. Europ. Ceram. Soc., 9, 309 (1992) 

17. J. M. Mota, M. A. Martinez, F. Velasco and A. J. Criado, Ceram. Int., 30, 

301 (2004) 

18. B.P. Singh, Mater. Res. Bull., 21, 85 (1986) 

 185



19. R. W. G. Wyckoff, Crystal Structures, Interscience Publishers, Easton, PA, 

USA (1960) 

20. R. Lazzari, N. Vast, J. M. Besson, S. Baroni and A. Dal Corso, Phys. Rev. 

Lett., 83, (1999) 

21. J. E. Lowther, Physica B: Condensed Matter, 322, 173 (2002) 

22. I. Higashi and T. Ito, J. Less Common Metals, 92, 239 (1983) 

23. R. C. Weast, CRC Handbook 67th ed., CRC Press Inc. Boca Raton Florida, 

B-103 (1986) 

24. I. A. Bairamashvili, L. I. Kekelidae, O. A. Golikova and V. M. Orlov, J. 

Less-Common Metals, 67, 461 (1979) 

25. H. Werheit, U. Kuhlmann, G. Krach, I. Higashi, T. Lundström and Y. Yu, J. 

Alloys and Compounds, 202, 269 (1993) 

26. M. Takeda, T. Fukuda, F. Domingo and T. Miura, J. Solid State Chem., 177, 

471 (2004) 

27. T. L. Lewis , B. A. Cook, J. L. Harringa and A. M. Russell, Mat. Sci. and 

Eng. A, 351, 117 (2003) 

28. Y. Lee and B. N. Harmon, J. of Alloys and Compounds, 338, 242 (2002) 

29. J. M. Hill, D. C. Johnston, B. A. Cook, J. L. Harringa and A. M. Russell, J. 

of Magnetism and Magnetic Materials, 265, 23 (2003) 

30. A. M. Russell, B. A. Cook, J. L. Harringa and T. L. Lewis , Scripta Mater., 

46, 629 (2002) 

31. C. Clerk and H. M. Leadbitter, J. Phys. Chem. Solids, 59, 1071 (1998) 

32. G. Berg, C. Friedrich, E. Broszeit and C. Berger, Handbook of Ceramic 

Hard Materials, Wiley-VCH, 965 (2000) 

33. S. Tuffé, J. Dubois, G. Fantozzi and G. Barbier, Int. J. of Refractory Metals 

and Hard Materials, 14, 305 (1996) 

34. S. Yamada, K. Hirao, Y. Yamauchi and S. Kanzaki, J. Euro. Ceram. Soc., 

23, 1123 (2003) 

35. R. Telle and G. Petzow, Mat. Sci and Eng. A, A 105, 97 (1988) 

36. R. Cheruhuri, M. Womack, P. Molian, A. Russell and Y. Tian, Surface and 

Coatings Technology, 155, 112 (2002) 

37. E. W. Kreutz, Appl. Surface Science, 127-129, 606 (1998) 

38. F. Klocke and T. Krieg, Ann. CIRP, 48, 515 (1999) 

39. J. H. Schneibel, M. J. Kramer and D. S. Easton, Scripta Mat., 46, 217 (2002) 

 186



40. Personal correspondence with Dr. M. Herrmann, Fraunhofer Institute, 

Dresden 

41. R. C. Weast, CRC Handbook 67th ed., CRC Press Inc. Boca Raton Florida, 

C-303 (1986) 

42. D.K. Shetty & J.G. Wright, J. Mater. Sci., 20, 1873 (1985)  

43. C. G. Bergeron and S. H. Risbud, Introduction to Phase Equilibria in 

Ceramics, The American Ceramic Society Westerville Ohio (1998) 

44. W. Hoffman and W. Janiche, Z. Metallkd., 28, 1 (1936) 

45. F. H. Horn, Boron: Boron: Synthesis, Structures and Properties, Plenum 

Press, New York, 110 (1960) 

46. J. A. Kohn, G. Katz and A. A. Giardini, Z. Kristallogr., 111, 53 (1958) 

47. V. T. Serebryanskii, V. A. Epel’baum and G. S. Zhdanov, Russ. J.  Inorg. 

Chem.¸12, 1311 (1967) 

48. V. A. Neronov, Poroshk. Metall., 10, 58 (1989) 

49. O. N. Carlson, Binary Alloy Phase Diagrams, 123 (1997) 

50. A. A. Nayeb-Hashemi and J. B. Clark, Binary Alloy Phase Diagrams, 498 

(1997) 

51.  S. Brutti, M. Colapietro, G. Balducci, L. Barba, P. Manfrinetti and A. 

Palenzona, Intermetallics, 10 811 (2002) 

52. A. Guette, M. Barret, R. Naslain and P. Hagenmuller, J. Less Common 

Metals, 82 325 (1981) 

53. J. L. Murray, Binary Alloy Phase Diagrams, 169 (1997) 

54. M. D. Eboral, J. Inst. Met., 76, 295 (1948) 

55. I. Higashi, M. Kobayashi, Y. Takahashi, S. Okada, K. Hamano, J. Cryst. 

Growth, 99, 998 (1990) 

56. I. Higashi, M. Kobayashi, Y. Takahashi, S. Okada, K. Hamano, J. Cryst. 

Growth, 128, 1113 (1993) 

57. Q. Ran and P. Rogl, Materials Science International Services, 10.13508.2.20 

(1999) 

58. H. Dutta, S. K. Manik and S. K. Pradhan, Mat. Sci & Eng. A, 359, 269 

(2003) 

59. P. W. Atkins, Physical Chemistry 3rd edition, 307 (1996) 

60. R. Morrell, Handbook of Properties of Technical & Engineering Ceramics, 

HMSO (1985) 

 187



61. R. M. German, Sintering Theory and Practice, Wiley & Sons, Inc. (1996) 

62. L. S. Sigl, J. Eur. Cer. Soc., 18, 1521 (1998) 

63. P. Mogilevsky and A. Zangvil, Mat. Sci and Engin. A, 354, 58 (2003) 

64. K. S. Lee, K. Cho, T. H. Lim, S. Hong and H. Kim, J. Power Sources, 83, 

32 (1999) 

65. D. A. Jones, Principles and Prevention of Corrosion Second Edition,  

Prentice Hall, (1987) 

66. Q. Guo, J. Song, L. Liu and B. Zhang, Carbon, 37, 33 (1999) 

67. H. J. T. Ellingham, J. Soc. Chem.. Ind., 63(5), 125 (1944) 

68. C. Jung, M. Lee and C. Kim, Mat. Lett., 58, 609 (2004) 

69. L. Shaw, H. Luo, J. Villegas and D. Miracle, Acta Mat., 51, 2647 (2003) 

70. R. A. Creelman and C. R. Ward, Int. J. of Coal Geol., 30, 249 (1996) 

71. S. Bhaduri and S. B. Bhaduri, Ceram. Int., 28, 153 (2002) 

72. Y. W. Lee, S. C. Lee, H. S. Kim, C. Y. Joung and C. Degueldre, J. of 

Nuclear Mat., 319, 15 (2003) 

73. R. F. Cooley and J. S. Reed, J. Am. Ceram. Soc., 55, 395 (1972) 

74. I. Barin, Thermochemical data of pure substances., Weinheim: VCH (1989) 

75. B. A. Cook, J. L. Harringa and A. M. Russell, US Patent 6099605 (2000) 

76. Cutting Tool Engineering, 52, 12 (2000) 

77. Inside R & D, 28, 1 (1999) 

78. http://www.external.ameslab.gov/news/release/diamond.html 

79. http://www.jtbaker.com/msds/englishhtml/b3708.htm 

80. A. Lipp, Tech. Rundschau, 58, 3 (1966) 

81. F. Binder, Radex-Rundschau, 4, 531 (1975) 

82. R. Telle, L. S. Sigl and K. Takagi, Boride-Based Hard Materials, , In: R. 

Riedel, Handbook of Ceramic Hard Materials, Wiley-VCH, 140 (2000) 

83. A. Latini, F. Di Pascasio and D. Gozzi, J. of Alloys and Compounds, 346, 

311 (2002) 

84. R. Köster, In: Houben-Weyl, Methoden der Organischen Chemie, Georg 

Thieme Werlag, Stuttgart, 6(2), 190 (1963) 

85. A. K. Khanra, L. C. Pathak, S. K. Mishra and M. Godkhindi, Mat. Lett., 58, 

733 (2004) 

86. S. Z. Haider, M. H. Khundkar and M. H. Siddiqullah, J. Appl. Chem. 

(London), 4, 93 (1954) 

 188

http://www.sciencedirect.com/science?_ob=JournalURL&_cdi=5867&_auth=y&_acct=C000052500&_version=1&_urlVersion=0&_userid=1378557&md5=cc8964010005a8979edaf2f98213397d


87. S. H. Webster and L. M. Dennis, J. Am. Chem. Soc., 55, 3233 (1933) 

88. A. Grau and H. Lumbroso, Bull. Soc. Chim. Fr., 1860 (1961) 

89. G. L. Lewis nd C. P. Smyth, J. Am. Chem. Soc., 62, 1529 (1940) 

90. U. Golla-Schindler, G. Benner and A. Putnis, Ultramicroscopy, 96, 573 

(2003) 

91. R. C. Weast, CRC Handbook 67th ed., CRC Press Inc. Boca Raton Florida, 

E-58 (1986) 

92. R. C. Weast, CRC Handbook 67th ed., CRC Press Inc. Boca Raton Florida, 

B-77 (1986) 

93. H. Bittermann, H. Duschanek and P. Rogl, Materials Science International 

Services, 10.11050.2.20 (1999) 

94. E. Rudy, S. Windisch, Ternary Phase Equilibria in Transition Metal-Boron-

Carbon-Silicon Systems, II XII, 256 (1966) 

95. H. Nowothy, F. Benesovsky, C. Brukl and O. Schob, Monatsh. Chemie, 92, 

403 (1961) 

96. Y. Levinskii and S. E. Salibekov, Russ. J. Inorg. Chem., 10, 319 (1965) 

97. S. S. Ordan’yan, V. I. Unrod and A. I. Avgustinik, Poroshk. Metall., 153, 40 

(1975) 

98. S. S. Ordan’yan, E. K. Stepanenko, A. I. Dmitriev and M. V. Shchemeleva, 

Sverkhtverd. Mater., 5, 27 (1986) 

99. V. V. Pakholkov, I. V. Brettser-Portnov, I. G. Grigorov, S. I. Aliamovskii 

and Y. G. Zainulin, Zh. Neorgan. Khimii., 36, 1604 (1991) 

100. H. Duschanek, P. Rogl and H. K. Lukas, J. Phase Equil., 16, 46 (1995) 

101. I. Smid, Structural and Metallurgical Investigations in Boride and 

Boronitride Systems,  Thesis, University of Vienna (1987) 

102. H. Duschanek and P. Rogl, Materials Science International Services, 

10.18563.1.20 (1999) 

103. E. Rudy, S. Windisch, Ternary Phase Equilibria in Transition Metal-Boron-

Carbon-Tungsten Systems, I XIII, 287 (1967) 

104. E. Rudy, S. Windisch, Ternary Phase Equilibria in Transition Metal-Boron-

Carbon-Tungsten Systems, III IX, 678 (1963) 

105. S. Kiperschanek and W. Weidermann, Poroshk. Metall., 15, 271 (1970) 

106. E. Rudy, S. Windisch, Ternary Phase Equilibria in Transition Metal-Boron-

Carbon-Tungsten Systems, II IX, 514 (1965) 

 189



107. R. Telle, E. Fendler and G. Petzow,  J. Hard Mater., 3, 211 (1992) 

108. I. Mitra and R. Telle, J. Solid State Chem., 133, 25 (1997) 

 

 190



Appendix A 
 

TABLE 1: Compositions for the phase diagram 

Sample Mass Additives  14mm WC balls   

  

Mg 

(g) 

Al 

(g) 

B 

(g) 

Stearic (0,5%)

(g) 

Parafin (1%)

(g) (g) Hexane 

1 0.8065 4.7273 4.4662 0.0503 0.1010 879 100 ml 

2 1.5126 3.9796 4.5078 0.0503 0.1010 879 100 ml 

3 2.1896 3.2815 4.5289 0.0503 0.1010 879 100 ml 

4 2.9811 2.4515 4.5674 0.0503 0.1010 879 100 ml 

5 3.6812 1.7768 4.5420 0.0503 0.1010 879 100 ml 

6 0.7513 5.6130 3.6358 0.0503 0.1010 879 100 ml 

7 2.7899 3.6857 3.5244 0.0503 0.1010 879 100 ml 

8 0.8931 3.5891 5.5178 0.0503 0.1010 879 100 ml 

9 3.2469 1.4895 5.2637 0.0503 0.1010 879 100 ml 

10 1.1994 1.3315 7.4691 0.0503 0.1010 879 100 ml 

 

TABLE 2: Mass and atomic percents for AlMgB14

 Mass Percent Atomic percent 

Composition Al Mg B Al Mg B 

AlMgB14 13.315 11.994 74.691 6.250 6.250 87.500 

Higashi 10.620 9.949 79.431 4.829 5.023 90.148 

AlMgB14+CS 19.150 13.630 67.220 9.478 7.489 83.033 

AlMgB14+CS+3%Al 22.242 13.630 67.220 10.842 7.376 81.782 
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TABLE 3: Compositions for the composites prepared at 1600oC 

Composite AlMgB14 additive added B % mass B 

 (g) (g) (g)  

PR1 + 30wt.%TiB2 3.3916 1.4535 0.0000  

PR2 + 5 wt.% Si 3.5257 0.1856 0.0000  

PR3 3.3758 0.0000 0.0000  

PR4 + 25.843wt%TiC 3.3840 1.1793 0.0000  

PR5 + TiC + B 2.5000 0.8712 0.9436 21.87 

PR6 + 30%WC + B 3.2284 1.3836 0.9929 17.71 

PR7 + 26.713%TiN 2.7000 0.9841 0.0000  

PR8 + TiN + B 2.3000 0.8383 0.5858 15.73 

PR9 + WC + TiB2 2.1000 1.8000 0.0000  

PR9 + WC + TiB2 +B 2.1000 1.8000 0.6458 14.21 
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