[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

REFERENCES

W. KLEMENT, R. H. WILLENS, and P. O. L. DUWEZ, “Non-crystalline Structure in
Solidified Gold-Silicon Alloys,” Nature, vol. 187, no. 4740, pp. 869—870, 1960, doi:
10.1038/187869b0.

F. E. Luborsky, “Chapter 1 - Amorphous metallic alloys,” in Amorphous Metallic Alloys,
F. E. LUBORSKY, Ed., Butterworth-Heinemann, 1983, pp. 1-7. doi:
https://doi.org/10.1016/B978-0-408-11030-3.50006-6.

Liebermann, “Rapidly Solidified Alloys: Processes-Structures-Properties-Applications,”

1993. [Online]. Available: https://api.semanticscholar.org/CorpusID: 135805646

C. Suryanarayana and A. Inoue, “Iron-based bulk metallic glasses,” Int. Mater. Rev., vol.

58, no. 3, pp. 131-166, 2013, doi: 10.1179/1743280412Y.0000000007.

C. H. Smith, “Applications of Rapidly Solidified Soft Magnetic Alloys,” ChemlInform,
vol. 25, 1994, [Online]. Available: https://api.semanticscholar.org/CorpusID:94789814

R. Parsons et al., “Prediction of density in amorphous and nanocrystalline soft magnetic
alloys: A data mining approach,” J. Alloys Compd., vol. 859, p. 157845, 2021, doi:
https://doi.org/10.1016/j.jallcom.2020.157845.

X. Fan, Z. Tao, J. Mufeng, W. Yang, B. Shen, and B. Shen, “Synthesis of novel
FeSiBPCCu alloys with high amorphous forming ability and good soft magnetic
properties,” J. Non. Cryst. Solids, 2019, [Online]. Available:
https://api.semanticscholar.org/CorpusID:105388620

H. Koshiba and A. Inoue, “Preparation and Magnetic Properties of Co-based Bulk Glassy
Alloys,” Mater. Trans., vol. 42, pp. 25722575, 2001, [Online]. Available:
https://api.semanticscholar.org/CorpusID:136895047

A. Inoue and J.-S. Gook, “Fe-Based Ferromagnetic Glassy Alloys with Wide Supercooled
Liquid Region,” Mater. Trans., vol. 36, pp. 1180—-1183, 1995, [Online]. Available:
https://api.semanticscholar.org/CorpusID:136990051

A. Inoue, W. Zhang, T. Zhang, and K. Kurosaka, “High-strength Cu-based bulk glassy
alloys in Cu-Zr-Ti and Cu-Hf-Ti ternary systems,” Acta Mater., vol. 49, no. 14, pp. 2645—
2652, 2001, doi: 10.1016/S1359-6454(01)00181-1.

163



[11]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

A. Peker and W. 1. Johnson, “A highly processable metallic glass:
Zr41.2Ti13.8Cul2.5Ni10.0Be22.5,” Appl. Phys. Lett., vol. 63, pp. 2342-2344, 1993,
[Online]. Available: https://api.semanticscholar.org/CorpusID:122372180

N. Nishiyama and A. Inoue, “Glass-Forming Ability of Bulk Pd40Ni10Cu30P20 Alloy,”
Mater. Trans. Jim, vol. 37, pp. 1531-1539, 1996, [Online]. Available:
https://api.semanticscholar.org/CorpusID:138509554

T. Zhang and A. Inoue, “Ti-based amorphous alloys with a large supercooled liquid
region,” Mater. Sci. Eng. A, vol. 304-306, pp. 771-774, 2001, doi:
https://doi.org/10.1016/S0921-5093(00)01592-6.

A. Inoue and B. L. Shen, “A new Fe-based bulk glassy alloy with outstanding mechanical
properties,” Adv. Mater., vol. 16, no. 23-24, pp. 2189-2192, 2004, doi:
10.1002/adma.200400301.

H. X.Li, Z. C. Lu, S. L. Wang, Y. Wu, and Z. P. Lu, “Fe-based bulk metallic glasses:
Glass formation, fabrication, properties and applications,” Prog. Mater. Sci., vol. 103, no.

December 2018, pp. 235-318, 2019, doi: 10.1016/j.pmatsci.2019.01.003.

Z.P.Luand C. T. Liu, “Glass Formation Criterion for Various Glass-Forming Systems,”

no. September, pp. 1-4, 2003, doi: 10.1103/PhysRevLett.91.115505.

M. Theses, “Shear Band Evolution in Zr / Hf-based Bulk Metallic Glasses under Static
and Dynamic Indentations By,” 2006.

A. Lindsay Greer, “Confusion by design,” Nature, vol. 366, no. November, pp. 303-304,
1993.

A. Inoue, “Stabilization of metallic supercooled liquid and bulk amorphous alloys,” Acta

Mater., vol. 48, no. 1, pp. 279-306, 2000, do1: 10.1016/S1359-6454(99)00300-6.

K. F. Kelton et al., “First X-Ray Scattering Studies on Electrostatically Levitated Metallic
Liquids: Demonstrated Influence of Local Icosahedral Order on the Nucleation Barrier,”

Phys. Rev. Lett., vol. 90, no. 19, p. 4, 2003, doi: 10.1103/PhysRevLett.90.195504.

N. Jul, “The Bakerian Lecture , 1962 . The Structure of Liquids J . D . Bernal,” Society,
vol. 280, no. 1382, pp. 299-322, 2007.

164



[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[32]

K. J. Laws, D. B. Miracle, and M. Ferry, “A predictive structural model for bulk metallic
glasses,” Nat. Commun., vol. 6, pp. 1-10, 2015, doi: 10.1038/ncomms9123.

T. Egami and Y. Waseda, “Atomic size effect on the formability of metallic glasses,” J.
Non. Cryst. Solids, vol. 64, no. 1-2, pp. 113—-134, 1984, doi: 10.1016/0022-
3093(84)90210-2.

A. Inoue, T. Negishi, H. M. Kimura, T. Zhang, and A. R. Yavari, “High packing density
of Zr- and Pd-based bulk amorphous alloys,” Materials Transactions, JIM, vol. 39, no. 2.
pp- 318-321, 1998. doi: 10.2320/matertrans1989.39.318.

W. J. Botta, F. S. Pereira, C. Bolfarini, C. S. Kiminami, and M. F. De Oliveira,
“Topological instability and electronegativity effects on the glass-forming ability of
metallic alloys,” Philos. Mag. Lett., vol. 88, no. 11, pp. 785791, 2008, doi:
10.1080/09500830802375622.

A. L. Greer, “Metallic glasses...on the threshold,” Mater. Today, vol. 12, no. 1-2, pp. 14—
22,2009, doi: 10.1016/S1369-7021(09)70037-9.

H. W. Kui, A. L. Greer, and D. Turnbull, “Formation of bulk metallic glass by fluxing,”
Appl. Phys. Lett., vol. 45, no. 6, pp. 615-616, 1984, doi: 10.1063/1.95330.

O. N. Senkov and D. B. Miracle, “Effect of the atomic size distribution on glass forming
ability of amorphous metallic alloys,” Mater. Res. Bull., vol. 36, no. 12, pp. 2183-2198,
2001, doi: 10.1016/S0025-5408(01)00715-2.

D. B. Miracle, “The efficient cluster packing model - An atomic structural model for
metallic glasses,” Acta Mater., vol. 54, no. 16, pp. 4317-4336, 20006, doi:
10.1016/j.actamat.2006.06.002.

Z.P.Luand C. T. Liu, “Glass formation criterion for various glass-forming systems,”

Phys. Rev. Lett., vol. 91, no. 11, pp. 1-4, 2003, doi: 10.1103/PhysRevLett.91.115505.

S. Mukherjee, J. Schroers, Z. Zhou, W. L. Johnson, and W. K. Rhim, “Viscosity and
specific volume of bulk metallic glass-forming alloys and their correlation with glass
forming ability,” Acta Mater., vol. 52, no. 12, pp. 3689-3695, 2004, doi:
10.1016/j.actamat.2004.04.023.

H. X. Li, Z. C. Lu, S. L. Wang, Y. Wu, and Z. P. Lu, “Fe-based bulk metallic glasses:

165



[33]

[34]

[35]

[36]

[37]

[38]

[39]

[42]

Glass formation, fabrication, properties and applications,” Prog. Mater. Sci., vol. 103, no.

November 2017, pp. 235-318, 2019, doi: 10.1016/j.pmatsci.2019.01.003.

I. Gallino, “On the fragility of bulk metallic glass forming liquids,” Entropy, vol. 19, no.
9,2017, doi: 10.3390/e19090483.

S. Azad, A. Mandal, and R. K. Mandal, “On the parameters of glass formation in metallic
systems,” vol. 458, no. October 2006, pp. 348354, 2007, doi:
10.1016/j.msea.2006.12.080.

W. H. Wang, C. Dong, and C. H. Shek, “Bulk metallic glasses,” Mater. Sci. Eng. R
Reports, vol. 44, no. 2-3, pp. 45-89, 2004, doi: 10.1016/j.mser.2004.03.001.

C. R. M. Afonso, C. Bolfarini, W. J. Botta Filho, and C. S. Kiminami, “Spray forming of
the glass former Fe83Zr3.5Nb3.5B9Cul alloy,” Mater. Sci. Eng. A, vol. 375-377, no. 1-2
SPEC. ISS., pp. 571-576, 2004, doi: 10.1016/j.msea.2003.10.012.

M. E. McHenry, M. A. Willard, and D. E. Laughlin, “Amorphous and nanocrystalline
materials for applications as soft magnets,” Prog. Mater. Sci., vol. 44, no. 4, pp. 291433,
1999, doi: https://doi.org/10.1016/S0079-6425(99)00002-X.

A. Inoue, F. L. Kong, Q. K. Man, B. L. Shen, R. W. Li, and F. Al-Marzouki,
“Development and applications of Fe- and Co-based bulk glassy alloys and their
prospects,” J. Alloys Compd., vol. 615, pp. S2-S8, 2014, doi:
https://doi.org/10.1016/j.jallcom.2013.11.122.

G. Herzer, “Modern soft magnets: Amorphous and nanocrystalline materials,” Acta
Mater., vol. 61, no. 3, pp. 718-734, 2013, doi:
https://doi.org/10.1016/j.actamat.2012.10.040.

Z.P. Lu et al., “Structural Amorphous Steels,” no. June, pp. 1-4, 2004, doi:
10.1103/PhysRevLett.92.245503.

J. Shen, Q. Chen, J. Sun, H. Fan, and G. Wang, “Exceptionally high glass-forming ability
of an FeCoCrMoCBY alloy,” Appl. Phys. Lett., vol. 86, no. 15, pp. 1-3, 2005, doi:
10.1063/1.1897426.

H. Grahl, S. Roth, J. Eckert, and L. Schultz, “Stability and magnetic properties of Fe-

based amorphous alloys with supercooled liquid region,” J. Magn. Magn. Mater., vol.

166



[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

254-255, pp. 23-25, 2003, doi: 10.1016/S0304-8853(02)00738-2.

W. M. Wang, A. Gebert, S. Roth, U. Kuehn, and L. Schultz, “Effect of Si on the glass-
forming ability, thermal stability and magnetic properties of Fe-Co-Zr-Mo-W-B alloys,”
J. Alloys Compd., vol. 459, no. 1-2, pp. 203-208, 2008, doi:
10.1016/j.jallcom.2007.05.009.

C. A. C. Souza, D. V. Ribeiro, and C. S. Kiminami, “Corrosion resistance of Fe-Cr-based
amorphous alloys: An overview,” J. Non. Cryst. Solids, vol. 442, no. June 2016, pp. 56—
66, 2016, doi: 10.1016/j.jnoncrysol.2016.04.009.

F. Sanchez-De Jesus, A. M. Bolarin-Miro, C. A. Cortés Escobedo, G. Torres-Villasefior,
and P. Vera-Serna, “Structural Analysis and Magnetic Properties of FeCo Alloys
Obtained by Mechanical Alloying,” J. Metall., vol. 2016, pp. 1-8, 2016, doi:
10.1155/2016/8347063.

Y. B. Kim, D. H. Jang, H. K. Seok, and K. Y. Kim, “Fabrication of Fe-Si-B based
amorphous powder cores by cold pressing and their magnetic properties,” Mater. Sci.

Eng. A, vol. 448—451, pp. 389-393, 2007, doi: 10.1016/j.msea.2006.02.394.

M. Yagi et al., “Magnetic properties of Fe-based amorphous powder cores produced by a
hot-pressing method,” J. Magn. Magn. Mater., vol. 215, pp. 284-287, 2000, doi:
10.1016/S0304-8853(00)00135-9.

A. Inoue, S. Yoshida, T. Mizushima, and A. Makino, “Structure and soft magnetic
properties of bulk Fe-Al-Ga-P-C-B-Si glassy alloys prepared by consolidating glassy
powders,” Mater. Res. Soc. Symp. - Proc., vol. 644, p. L12.13.1-L12.13.6, 2001, doi:
10.1557/proc-644-112.13.

A. A. Sorour, A. S. Adeniyi, M. A. Hussein, C. P. Kim, and N. M. Al-Ageeli,
“Densification and microstructure of Fe-Cr-Mo-B-C alloy fabricated by spark plasma
sintering,” Mater. Sci. Technol. 2018, MS T 2018, no. October, pp. 1454—-1461, 2019, doi:
10.7449/2018/MST 2018 1454 1461.

X. Li, A. Makino, H. Kato, A. Inoue, and T. Kubota, “Fe76S19.6B8.4P6 glassy powder
soft-magnetic cores with low core loss prepared by spark-plasma sintering,” Mater. Sci.

Eng. B, vol. 176, no. 15, pp. 1247-1250, 2011, doi: 10.1016/j.mseb.2011.06.017.

167



[51]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

G. Xie, D. V. Louzguine-Luzgin, and A. Inoue, “Formation and properties of two-phase
bulk metallic glasses by spark plasma sintering,” J. Alloys Compd., vol. 509, no. SUPPL.
1, pp. S214-S218, 2011, doi: 10.1016/j.jallcom.2010.10.007.

S. Lesz, R. Babilas, M. Nabiatek, M. Szota, M. Dos$piat, and R. Nowosielski, “The
characterization of structure, thermal stability and magnetic properties of Fe-Co-B-Si-Nb
bulk amorphous and nanocrystalline alloys,” J. Alloys Compd., vol. 509, no. SUPPL. 1,
pp. 197-201, 2011, doi: 10.1016/j.jallcom.2010.12.146.

Z.H. Gan,H. Y. Yy, J. Pu, J. F. Wang, and J. Z. Xiao, “Preparation of bulk amorphous
Fe-Ni-P-B-Ga alloys from industrial raw materials,” Scr. Mater., vol. 48, no. 11, pp.

1543-1547, 2003, doi: 10.1016/S1359-6462(03)00106-4.

M. Stoica, K. Hajlaoui, A. LeMoulec, and A. R. Yavari, “New ternary Fe-based bulk
metallic glass with high boron content,” Philos. Mag. Lett., vol. 86, no. 4, pp. 267-275,
Apr. 2006, doi: 10.1080/09500830600696344.

Q. L1, “Formation of ferromagnetic bulk amorphous Fe40Ni40P14B6 alloys,” Mater.
Lett., vol. 60, no. 25-26, pp. 3113-3117, 2006, doi: 10.1016/j.matlet.2006.02.054.

C. Maniére, L. Durand, A. Weibel, G. Chevallier, and C. Estournes, “A sacrificial
material approach for spark plasma sintering of complex shapes,” Scr. Mater., vol. 124,

pp. 126-128, 2016, doi: 10.1016/j.scriptamat.2016.07.006.

Z. Mahbooba et al., “Additive manufacturing of an iron-based bulk metallic glass larger
than the critical casting thickness,” Appl. Mater. Today, vol. 11, pp. 264-269, 2018, doi:
10.1016/j.apmt.2018.02.011.

S. Pauly et al., “Processing metallic glasses by selective laser melting,” Mater. Today,

vol. 16, no. 1-2, pp. 3741, 2013, doi: 10.1016/j.mattod.2013.01.018.

N. Li, J. Zhang, W. Xing, D. Ouyang, and L. Liu, “3D printing of Fe-based bulk metallic
glass composites with combined high strength and fracture toughness,” Mater. Des., vol.

143, pp. 285-296, 2018, doi: 10.1016/j.matdes.2018.01.061.

E. Williams and N. Lavery, “Laser processing of bulk metallic glass: A review,” J. Mater.
Process. Technol., vol. 247, no. October 2016, pp. 73-91, 2017, doi:
10.1016/j.jmatprotec.2017.03.034.

168



[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

D. R. Uhlmann, “A kinetic treatment of glass formation,” J. Non. Cryst. Solids, vol. 7, no.
4, pp. 337-348, 1972, doi: https://doi.org/10.1016/0022-3093(72)90269-4.

J. M. Barandiaran and J. Colmenero, “Continuous cooling approximation for the
formation of a glass,” J. Non. Cryst. Solids, vol. 46, no. 3, pp. 277-287, 1981, doi:
https://doi.org/10.1016/0022-3093(81)90006-5.

H. H. Hng, Y. Li, S. C. Ng, and C. K. Ong, “Critical cooling rates for glass formation in
Zr-Al-Cu-Ni alloys,” J. Non. Cryst. Solids, vol. 208, no. 1-2, pp. 127-138, 1996, doi:
10.1016/S50022-3093(96)00503-0.

N. H. Pryds, M. Eldrup, M. Ohnuma, A. S. Pedersen, J. Hattel, and S. Linderoth,
“Preparation and properties of Mg-Cu-Y-Al bulk amorphous alloys,” Materials
Transactions, JIM, vol. 41, no. 11. pp. 1435-1442, 2000. doi:
10.2320/matertrans1989.41.1435.

K. Hildal, N. Sekido, and J. H. Perepezko, “Critical cooling rate for
Fe48Cr15Mo14Y2C15B6 bulk metallic glass formation,” Intermetallics, vol. 14, no. 8-9,
pp- 898-902, 2006, doi: 10.1016/j.intermet.2006.01.036.

J. E. Gao et al., “Effects of cooling rates on glass formation and magnetic behavior for the
Fe73.0C7.0S13.3B5.0P 8.7Mo03.0 bulk metallic glass,” Metall. Mater. Trans. A Phys.
Metall. Mater. Sci., vol. 44, no. 5, pp. 2004-2009, 2013, doi: 10.1007/s11661-012-1482-
0.

A. Masood, V. Strom, L. Belova, J. J. Oak, J. Agren, and K. V Rao, “The observation of
surface-softening in Fe-based metallic glass,” MRS Proc., vol. 1300, pp. mrsf10-1300-
ul0-08, 2011, doi: 10.1557/0pl.2011.399.

S. F. Guo, J. F. Wang, H. J. Zhang, and S. H. Xie, “Enhanced plasticity of Fe-based bulk
metallic glass by tailoring microstructure,” Trans. Nonferrous Met. Soc. China (English

Ed., vol. 22, no. 2, pp. 348-353, 2012, doi: 10.1016/S1003-6326(11)61182-5.

B. H. E. Khalifa and K. S. Vecchio, “Devitrification and Cooling Rate Effects on
Microstructure and Mechanical Properties in Fe 57 C9 B 11 Mo 12 Cr 8 W 3 Bulk
Metallic Glass,” no. 11, pp. 1056-1063, 2008, doi: 10.1002/adem.200800100.

S. Lesz, “Effect of cooling rates on the structure, density and micro-indentation behavior

169



[71]

[73]

[74]

[75]

[76]

[77]

[78]

of the Fe, Co-based bulk metallic glass,” Mater. Charact., vol. 124, pp. 97-106, 2017,
doi: 10.1016/j.matchar.2016.12.016.

H. Li, Z. Lu, and S. Yi, “Estimation of the glass forming ability of the Fe-based bulk
metallic glass Fe68.8C7.0S13.5B5.0P 9.6Cr2.1Mo02.0A12.0 that contains non-metallic
inclusions,” Met. Mater. Int., vol. 15, no. 1, pp. 7-14, 2009, doi: 10.1007/s12540-009-
0007-x.

S.P.Pan, J. Y. Qin, and T. K. Gu, “The role of rare earth elements in the structures of
FeB-based glass forming liquid alloys,” J. Appl. Phys., vol. 107, no. 3, 2010, doi:
10.1063/1.3298502.

F. Hu, C. Yuan, Q. Luo, W. Yang, and B. Shen, “Effects of heavy rare-earth addition on
glass-forming ability, thermal, magnetic, and mechanical properties of Fe-RE-B-Nb
(RE =Dy, Ho, Er or Tm) bulk metallic glass,” J. Non. Cryst. Solids, vol. 525, no.
September, 2019, doi: 10.1016/j.jnoncrysol.2019.119681.

V. Ponnambalam, J. S. Poon, and G. J. Shiflet, “Fe-based bulk metallic glasses with
diameter thickness larger than one centimeter,” J. Mater. Res., vol. 19, no. 5, pp. 1320—

1323, 2004, doi: 10.1557/JMR.2004.0176.

Q. Yu, X. D. Wang, H. B. Lou, Q. P. Cao, and J. Z. Jiang, “Atomic packing in Fe-based
metallic glasses,” Acta Mater., vol. 102, pp. 116124, 2016, doi:
10.1016/j.actamat.2015.09.001.

Z.P.Lu, C.T. Liu, and W. D. Porter, “Role of yttrium in glass formation of Fe-based
bulk metallic glasses,” Appl. Phys. Lett., vol. 83, no. 13, pp. 2581-2583, 2003, doi:
10.1063/1.1614833.

Y. Wang et al., “Slurry erosion-corrosion behaviour of high-velocity oxy-fuel (HVOF)
sprayed Fe-based amorphous metallic coatings for marine pump in sand-containing NaCl
solutions,” Corros. Sci., vol. 53, no. 10, pp. 3177-3185, 2011, doi:
10.1016/j.corsci.2011.05.062.

C. Zhang, R. Q. Guo, Y. Yang, Y. Wu, and L. Liu, “Influence of the size of spraying
powders on the microstructure and corrosion resistance of Fe-based amorphous coating,”
Electrochim. Acta, vol. 56, no. 18, pp. 6380—6388, 2011, doi:
10.1016/j.electacta.2011.05.020.

170



[79]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

Y. M. Sun et al., “Effect of casting vacuum on thermodynamic and corrosion properties of
Fe-based glassy alloy,” Trans. Nonferrous Met. Soc. China (English Ed., vol. 25, no. 3,
pp. 844-849, 2015, doi: 10.1016/S1003-6326(15)63672-X.

Y. J. Liu, I. T. H. Chang, and M. R. Lees, “Influences of oxide phases on the coercivity of
mechanically alloyed multicomponent Fe-based amorphous alloys,” Scr. Mater., vol. 44,

no. 12, pp. 2729-2734, 2001, doi: 10.1016/S1359-6462(01)00962-9.

C. Suryanarayan and A. inoue, “Metallic glasses,” MRS Bull., vol. 48, no. 10, pp. 1054—
1061, 2023, doi: 10.1557/s43577-023-00586-5.

U. Koster and P. Weiss, “Crystallization and decomposition of amorphous silicon-

aluminium films,” J. Non. Cryst. Solids, vol. 17, no. 3, pp. 359-368, 1975.

“Measurements of the Microhardness of Metallic Glasses,” vol. 16, no. ¢, p. 111207,

1982.

K. F. Kelton, “A perspective on metallic liquids and glasses,” vol. 010902, 2023, doi:
10.1063/5.0144250.

N. K. Mukhopadhyay and P. Paufler, “Micro- and nanoindentation techniques for
mechanical characterisation of materials,” Int. Mater. Rev., vol. 51, no. 4, pp. 209-245,

2006, doi: 10.1179/174328006X102475.

S. Vincent, B. S. Murty, M. J. Kramer, and J. Bhatt, “Micro and nano indentation studies
on Zr60Cul0AIl15Ni15 bulk metallic glass,” Mater. Des., vol. 65, pp. 98—103, 2015, doi:
10.1016/j.matdes.2014.09.017.

N. K. Mukhopadhyay, A. Belger, P. Paufler, and D. H. Kim, “Nanoindentation studies on
Cu-Ti-Zr-Ni-Si-Sn bulk metallic glasses,” Mater. Sci. Eng. A, vol. 449—451, pp. 954-957,
2007, doi: 10.1016/j.msea.2006.02.258.

R. L. Narayan, “Fracture and deformation in bulk metallic glasses and composites Doctor
of Philosophy Department of Materials Engineering Indian Institute of Science,” no.

February, 2018, doi: 10.13140/RG.2.2.31787.75044.

H.J. Leamy, T. T. Wang, and H. S. Chen, “Plastic flow and fracture of metallic glass,”
Metall. Mater. Trans. B, vol. 3, pp. 699-708, 1972, [Online]. Available:
https://api.semanticscholar.org/CorpusID: 136844679

171



[90]

[91]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

X. Su et al., “Effects of pore density on microstructure and mechanical properties of
porous SiC ceramic foam/Zr-based metallic glass interpenetrating phase composites,”
Intermetallics, vol. 129, no. August 2020, p. 106964, 2021, doi:
10.1016/j.intermet.2020.106964.

C. A. Schuh, T. C. Hufnagel, and U. Ramamurty, “Mechanical behavior of amorphous
alloys,” Acta Mater., vol. 55, no. 12, pp. 4067-4109, 2007, doi:
10.1016/j.actamat.2007.01.052.

C. A. Schuh and T. G. Nieh, “A survey of instrumented indentation studies on metallic
glasses,” J. Mater. Res., vol. 19, pp. 46—57, 2004, [Online]. Available:
https://api.semanticscholar.org/CorpusID:138823143

D. Turnbull and M. H. Cohen, “Free-volume model of the amorphous phase: Glass
transition,” J. Chem. Phys., vol. 34, no. 1, pp. 120-125, 1961, doi: 10.1063/1.1731549.

F. Spaepen, “A microscopic mechanism for steady state inhomogeneous flow in metallic
glasses,” Acta Metall., vol. 25, no. 4, pp. 407—415, 1977, doi: 10.1016/0001-
6160(77)90232-2.

A. van den Beukel and J. Sietsma, “The glass transition as a free volume related kinetic
phenomenon,” Acta Metall. Mater., vol. 38, no. 3, pp. 383-389, 1990, doi: 10.1016/0956-
7151(90)90142-4.

Y. Chen, M. Q. Jiang, and L. H. Dai, “How does the initial free volume distribution affect
shear band formation in metallic glass?,” Sci. China Physics, Mech. Astron., vol. 54, no.

8, pp. 1488-1494, 2011, doi: 10.1007/s11433-011-4376-z.

W. L. Johnson, J. Lu, and M. D. Demetriou, “Deformation and flow in bulk metallic
glasses and deeply undercooled glass forming liquids - A self consistent dynamic free
volume model,” Intermetallics, vol. 10, no. 11-12, pp. 1039-1046, 2002, doi:
10.1016/S80966-9795(02)00160-7.

R. Raghavan, P. Murali, and U. Ramamurty, “On factors influencing the ductile-to-brittle
transition in a bulk metallic glass,” Acta Mater., vol. 57, no. 11, pp. 3332-3340, 2009,
doi: 10.1016/j.actamat.2009.03.047.

S. Cheng et al., “Deformation crossover: From Nano- to mesoscale,” Phys. Rev. Lett., vol.

172



[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

103, no. 3, pp. 1-4, 2009, doi: 10.1103/PhysRevLett.103.035502.

F. Delogu, “Atomic mobility and strain localization in amorphous metals,” Phys. Rev.

Lett., vol. 100, no. 7, pp. 7-10, 2008, doi: 10.1103/PhysRevLett.100.075901.

A.S. ARGON, “[Plastic deformation of metallic alloys as a method of evaluation of their
utility as crown inlays].,” Protet. Stomatol., vol. 22, no. 2, pp. 14550, [Online].
Available: http://www.ncbi.nlm.nih.gov/pubmed/4503234

H. R. Schober, “Soft phonons in glasses,” Phys. A Stat. Mech. its Appl., vol. 201, no. 1-3,
pp. 14-24, 1993, doi: 10.1016/0378-4371(93)90394-J.

A. S. Argon and L. T. Shi, “Development of visco-plastic deformation in metallic
glasses,” Acta Metall., vol. 31, no. 4, pp. 499-507, 1983, doi: 10.1016/0001-
6160(83)90038-X.

E. R. Homer and C. A. Schuh, “Mesoscale modeling of amorphous metals by shear
transformation zone dynamics,” Acta Mater., vol. 57, no. 9, pp. 2823-2833, 2009, doi:
10.1016/j.actamat.2009.02.035.

D. E. Polk and D. Turnbull, “Flow of melt and glass forms of metallic alloys,” Acta
Metall., vol. 20, no. 4, pp. 493-498, 1972, doi: 10.1016/0001-6160(72)90004-1.

H. Choi-Yim and W. L. Johnson, “Microstructure and properties of ductile metal
particulate reinforced ZrS7NbSAI10Cul5.4Ni12.6 bulk metallic glass composites,” J.
Metastable Nanocrystalline Mater., vol. 1516, pp. 17-22, 2003, doi:
10.4028/www.scientific.net/JMNM.15-16.17.

J. Eckert, J. Das, S. Pauly, and C. Duhamel, “Mechanical properties of bulk metallic
glasses and composites,” J. Mater. Res., vol. 22, no. 2, pp. 285-301, 2007, doi:
10.1557/yjmr.2007.0050.

D. C. Hofmann et al., “Designing metallic glass matrix composites with high toughness
and tensile ductility,” Nature, vol. 451, no. 7182, pp. 1085-1089, 2008, doi:
10.1038/nature06598.

S. Nagireddi, B. Majumdar, S. Bonta, and A. B. Diraviam, “High-Density Bulk Metallic
Glasses and Their Composites for Kinetic Energy Penetrator Applications: Process,

Structure and Properties,” Trans. Indian Inst. Met., vol. 74, no. 9, pp. 2117-2134, 2021,

173



[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

doi: 10.1007/s12666-021-02309-3.

J. E. Gao et al., “Fe-based bulk metallic glass composites without any metalloid
elements,” Acta Mater., vol. 61, no. 9, pp. 3214-3223, 2013, doi:
10.1016/j.actamat.2013.02.009.

W. Dong, M. Dong, D. Qian, Z. Wang, Y. Yang, and S. Zhu, “Consolidation and wear
resistance of Fe based bulk metallic glass composites by spark plasma sintering,” J. Non.
Cryst. Solids, vol. 623, no. October 2023, p. 122687, 2024, doi:
10.1016/j.jnoncrysol.2023.122687.

X.Y. Chong et al., “Tailoring the anisotropic mechanical properties of hexagonal M 7 X
3 (M=Fe, Cr, W, Mo; X=C, B) by multialloying,” Acta Mater., vol. 169, pp. 193-208,
2019, doi: 10.1016/j.actamat.2019.03.015.

S. F. Guo, L. Liu, N. Li, and Y. Li, “Fe-based bulk metallic glass matrix composite with
large plasticity,” Scr. Mater., vol. 62, no. 6, pp. 329-332, 2010, doi:
10.1016/j.scriptamat.2009.10.024.

H. Choi-Yim, R. Busch, U. Késter, and W. L. Johnson, “Synthesis and characterization of
particulate reinforced Zr57Nb5SAI10Cul5.4Ni12.6 bulk metallic glass composites,” Acta
Mater., vol. 47, no. 8, pp. 2455-2462, 1999, doi: 10.1016/S1359-6454(99)00103-2.

R. D. Conner, H. Choi-Yim, and W. L. Johnson, “Mechanical properties of
Zr\_57TNb\ SAI\ 10Cu\ 15.4Ni\ 12.6 metallic glass matrix particulate composites,” J.
Mater. Res., vol. 14, pp. 3292-3297, 1999, [Online]. Available:
https://api.semanticscholar.org/CorpusID:31919428

P. Duwez and S. C. H. Lin, “Amorphous ferromagnetic phase in iron-carbon-phosphorus

alloys,” J. Appl. Phys., vol. 38, no. 10, pp. 4096—4097, 1967, doi: 10.1063/1.1709084.

M. J. Duarte, A. Kostka, J. A. Jimenez, P. Choi, J. Klemm, and D. Crespo, “ScienceDirect
Crystallization , phase evolution and corrosion of Fe-based metallic glasses : An atomic-

scale structural and chemical characterization study,” Acta Mater., vol. 71, pp. 20-30,

2014, doi: 10.1016/j.actamat.2014.02.027.

G. Ham, K. Kim, G. Cho, C. Paul, and K. Lee, “Fabrication , microstructure and Wear

properties of novel Fe-Mo-Cr-C-B metallic glass coating layers manufactured by various

174



[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

thermal spray processes Fabrication , microstructure and wear properties of novel Fe-Mo-
Cr-C-B metallic glass coating layers manufactured by various thermal spray processes,”

Mater. Des., vol. 195, no. August, p. 109043, 2020, doi: 10.1016/j.matdes.2020.109043.

N. Solution, A. A. Sorour, A. Yusuf, A. Mohamed, and A. H. Bander, “Effect of Powder
Feed Rate of Plasma-Sprayed Fe — Cr — Mo — B — C Coatings on Effect of Powder Feed
Rate of Plasma-Sprayed Fe — Cr — Mo — B — C Coatings on Microstructure , Tribology
and Corrosion in 3 . 5 % NaCl Solution,” Arab. J. Sci. Eng., no. May, 2022, doi:
10.1007/s13369-022-06756-y.

M. Igbal, J. I. Akhter, H. F. Zhang, and Z. Q. Hu, “Synthesis and characterization of bulk
amorphous steels,” J. Non. Cryst. Solids, vol. 354, no. 28, pp. 3284-3290, 2008, doi:
10.1016/j.jnoncrysol.2008.02.009.

Y. Lu, Y. Huang, J. Shen, X. Lu, Z. Qin, and Z. Zhang, “Effect of Co addition on the
shear viscosity of Fe-based bulk metallic glasses,” J. Non. Cryst. Solids, vol. 403, pp. 62—
66, 2014, doi: 10.1016/j.jnoncrysol.2014.07.012.

D. dan Liang, X. shun Wei, C. tao Chang, J. wei Li, X. min Wang, and J. Shen, “Effect of
W addition on the glass forming ability and mechanical properties of Fe-based metallic
glass,” J. Alloys Compd., vol. 731, pp. 1146-1150, 2018, doi:
10.1016/j.jallcom.2017.10.104.

Q. J. Chen, J. Shen, H. B. Fan, J. F. Sun, Y. J. Huang, and D. G. McCartney, “Glass-
forming ability of an iron-based alloy enhanced by co addition and evaluated by a new
criterion,” Chinese Phys. Lett., vol. 22, no. 7, pp. 1736—1738, 2005, doi: 10.1088/0256-
307X/22/7/048.

T. Mizushima, H. Koshiba, Y. Naito, and A. Inoue, “Preparation of the Fe-based Glassy
Alloy Powder Cores and their Applications,” J. Japan Soc. Powder Powder Metall., vol.
54, pp. 768-772, 2007, [Online]. Available:
https://api.semanticscholar.org/CorpusID:135870177

J. Basu and S. Ranganathan, “Bulk metallic glasses: A new class of engineering
materials,” Sadhana - Acad. Proc. Eng. Sci., vol. 28, no. 3—4, pp. 783-798, 2003, doi:
10.1007/BF02706459.

S. R. Nagel and J. Tauc, “Nearly-Free-Electron Approach to the Theory of Metallic Glass

175



[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

Alloys,” Phys. Rev. Lett., vol. 35, no. 6, pp. 380-383, 1975, doi:
10.1103/PhysRevLett.35.380.

T. Egami and O. Ridge, “Angell Dynamics of Liquids,” pp. 1-8.

S. Azad, A. Mandal, and R. K. Mandal, “On the parameters of glass formation in metallic
systems,” Mater. Sci. Eng. A, vol. 458, no. 1-2, pp. 348354, 2007, doi:
10.1016/.msea.2006.12.080.

D. G. Pettifor, “Theory of energy bands and related properties of 4d-transition metals. II.
the electron-phonon matrix element, superconductivity and ion core enhancement,” J.

Phys. F Met. Phys., vol. 7, no. 6, pp. 1009-1028, 1977, doi: 10.1088/0305-4608/7/6/017.

P. Haussler, “Interrelations between atomic and electronic structures-Liquid and
amorphous metals as model systems,” Phys. Rep., vol. 222, no. 2, pp. 65143, 1992, doi:
10.1016/0370-1573(92)90018-U.

C. Dong et al., “From clusters to phase diagrams: Composition rules of quasicrystals and
bulk metallic glasses,” J. Phys. D. Appl. Phys., vol. 40, no. 15, 2007, doi: 10.1088/0022-
3727/40/15/R01.

D. Certains and D. E. Transition, “ELECTRON CONFIGURATIONS IN SOME
TRANSITION METAL ALLOYS * III . Review of the Brillouin Measurements Zone 1I .

Features Characteristic of Aluminium-,” vol. 2, 1954.

L. Pauling, “The nature of the chemical bond. Application of results obtained from the
quantum mechanics and from a theory of paramagnetic susceptibility to the structure of
molecules,” J. Am. Chem. Soc., vol. 53, no. 4, pp. 1367-1400, 1931, doi:
10.1021/ja01355a027.

“Search Results | MIT - Massachusetts Institute of Technology.” [Online]. Available:

http://web.mit.edu/search/?q=vibrational+rotational

T. H. Hung et al., “Development of Mg based amorphous alloys with higher amounts of
rare earth elements,” Mater. Trans., vol. 48, no. 7, pp. 1621-1625, 2007, doi:
10.2320/matertrans.MJ200724.

J. T. Kim et al., “Plastic deformation behavior of Fe-Co-B-Si-Nb-Cr bulk metallic glasses
under nanoindentation,” J. Alloys Compd., vol. 587, pp. 415419, 2014, doi:

176



10.1016/j.jallcom.2013.10.097.

[137] Y. D. Sun, P. Shen, Z. Q. Li, J. S. Liu, M. Q. Cong, and M. Jiang, “Kinetics of
crystallization process of Mg-Cu-Gd based bulk metallic glasses,” J. Non. Cryst. Solids,
vol. 358, no. 8, pp. 1120-1127, 2012, doi: 10.1016/j.jnoncrysol.2012.02.002.

[138] G. Q. Yue et al., “Local structure order in Pd78Cu6Sil16 liquid,” Sci. Rep., vol. 5, pp. 1-6,
2015, doi: 10.1038/srep08277.

[139] R. D. Conner, H. Choi-Yim, and W. L. Johnson, “Mechanical properties of
Zr5TNb5SAlI10Cul5.4Ni112.6 metallic glass matrix particulate composites,” J. Mater. Res.,
vol. 14, no. 8, pp. 3292-3297, 1999, doi: 10.1557/JIMR.1999.0445.

[140] H. Jia et al., “Effects of similar-element-substitution on the glass-forming ability and
mechanical behaviors of Ti-Cu-Zr-Pd bulk metallic glasses,” J. Mater. Res. Technol., vol.

7, no. 3, pp. 261-269, 2018, doi: 10.1016/j.jmrt.2017.08.0009.

[141] Y. Xu et al., “Short-to-medium-range order and atomic packing in Zr48Cu36Ag8Al8 bulk
metallic glass,” Metals (Basel)., vol. 6, no. 10, pp. 1-12, 2016, doi: 10.3390/met6100240.

[142] D. V. Louzguine and A. Inoue, “Nanocrystallization of Ti-Ni-Cu-Sn amorphous alloy,”
Scr. Mater., vol. 43, no. 4, pp. 371-376, 2000, doi: 10.1016/S1359-6462(00)00425-5.

[143] J. K. Lee, D. H. Bae, S. Yi, W. T. Kim, and D. H. Kim, “Effects of Sn addition on the
glass forming ability and crystallization behavior in Ni-Zr-Ti-Si alloys,” J. Non. Cryst.
Solids, vol. 333, no. 2, pp. 212-220, 2004, doi: 10.1016/j.jnoncrysol.2003.10.011.

[144] F. Xu, H. B. Lou, X. D. Wang, S. Q. Ding, Q. P. Cao, and J. Z. Jiang, “Glass forming
ability and crystallization of Zr-Cu-Ag-Al-Be bulk metallic glasses,” J. Alloys Compd.,
vol. 509, no. 37, pp. 9034-9037, 2011, doi: 10.1016/;.jallcom.2011.02.107.

[145] Y. C. Kim, W. T. Kim, and D. H. Kim, “A development of Ti-based bulk metallic glass,”
Mater. Sci. Eng. A, vol. 375-377, no. 1-2 SPEC. ISS., pp. 127-135, 2004, doi:
10.1016/j.msea.2003.10.115.

[146] Y. Zhang, D. Q. Zhao, M. X. Pan, and W. H. Wang, “Glass forming properties of Zr-
based bulk metallic alloys,” J. Non. Cryst. Solids, vol. 315, no. 1-2, pp. 206-210, 2003,
doi: 10.1016/S0022-3093(02)01876-8.

177



[147] S. Kumari and R. K. Mandal, “Factors influencing the metallic glass formation in alloy

systems,” J. Alloys Compd., vol. 826, 2020, doi: 10.1016/j.jallcom.2020.154033.

[148] X.J. Gu, S.J. Poon, and G. J. Shiflet, “Mechanical properties of iron-based bulk metallic
glasses,” J. Mater. Res., vol. 22, no. 2, pp. 344-351, 2007, doi: 10.1557/jmr.2007.0036.

[149] M. C. Flemings, “Solidification processing,” Metall. Trans., vol. 5, no. 10, pp. 2121—
2134, 1974, doi: 10.1007/BF02643923.

[150] @. Kotnep, “No TitleMapkerunr no Kotnepy,” p. 282, 2008.
[151] A. Inoue, “Bulk Amorphous Alloys,” pp. 1-51, 2001, doi: 10.1007/978-3-662-04426-1 1.

[152] M. H. Enayati and F. A. Mohamed, “Application of mechanical alloying/milling for
synthesis of nanocrystalline and amorphous materials,” Int. Mater. Rev., vol. 59, no. 7, pp.
394-416, 2014, doi: 10.1179/1743280414Y.0000000036.

[153] G. K. Williamson and W. H. Hall, “X-ray line broadening from filed aluminium and
wolfram,” Acta Metall., vol. 1, no. 1, pp. 22-31, 1953, doi: 10.1016/0001-
6160(53)90006-6.

[154] M. Malik Abood, A. S. Baron, and O. Abdul Azeez Dakhil, “Synthesis and
Characterization of Methyl Ammonium Lead Halide Perovskite MAPbI3 for Applications
in Photodetector Devices,” J. Kufa-Physics, vol. 13, no. 02, pp. 17-24, 2021, doi:
10.31257/2018/jkp/2021/130203.

[155] M. Hons, “Structural Survey on Cohesin and on Viomycin Inhibited 70S Ribosome by
Single Particle Electron Microscopy,” no. May 2015, 2020, doi:
10.13140/RG.2.2.31733.81127.

[156] J. B. Pethicai, R. Hutchings, W. C. Oliver, J. B. Pethicat, and W. C. Oliver$,
“Philosophical Magazine A Hardness measurement at penetration depths as small as 20

nm Hardness measurement at penetration depths as small as 20 nm,” vol. 48, no. 4, pp.

593-606, 1983, doi: 10.1080/01418618308234914.

[157] Q.J. Chen et al., “Enhanced glass forming ability of Fe-Co-Zr-Mo-W-B alloys with Ni
addition,” Mater. Sci. Eng. A, vol. 402, no. 1-2, pp. 188—192, 2005, doi:
10.1016/j.msea.2005.04.046.

178



[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

M. N. Avettand-Fénoél, M. Marinova, R. Taillard, and W. Jiang, “Thermal stability,
phase transformations and mechanical properties of a Fe64B24Y4Nb6 metallic glass,” J.
Alloys Compd., vol. 854, 2021, doi: 10.1016/j.jallcom.2020.157068.

P. H. Gaskell, “A new structural model for transition metal-metalloid glasses,” Nature,
vol. 276, pp. 484—485, 1978, [Online]. Available:
https://api.semanticscholar.org/CorpusID:4245864

A. Singh, P. K. Bijalwan, A. Banerjee, M. Dutta, R. K. Mandal, and J. Basu, “Structures,
interfaces and thermodynamic stability of nanocrystalline phases in rapidly solidified Fe-
based amorphous nanocomposite ribbon, powder and coating,” Mater. Charact., vol. 186,

no. February, p. 111815, 2022, doi: 10.1016/j.matchar.2022.111815.
“F.C L1, amorphous-nanocrystalline alloys, fabrication, properties and application.pdf.”

C. Zhang, W. Wang, Y. C. Li, Y. G. Yang, Y. Wu, and L. Liu, “3D printing of Fe-based
bulk metallic glasses and composites with large dimensions and enhanced toughness by
thermal spraying,” J. Mater. Chem. A, vol. 6, no. 16, pp. 6800—6805, 2018, doi:
10.1039/c8ta00405f.

V. Ponnambalam, S. J. Poon, G. J. Shiflet, V. M. Keppens, R. Taylor, and G. Petculescu,
“Synthesis of iron-based bulk metallic glasses as nonferromagnetic amorphous steel

alloys,” Appl. Phys. Lett., vol. 83, no. 6, pp. 1131-1133, 2003, doi: 10.1063/1.1599636.

W. L. Johnson, “Bulk Glass-Forming Metallic Alloys: Science and Technology,” MRS
Bull., vol. 24, no. 10, pp. 42-56, 1999, doi: 10.1557/S0883769400053252.

A. Inoue and J. S. Gook, “Fe-based ferromagnetic glassy alloys with wide supercooled
liquid region,” Materials Transactions, JIM, vol. 36, no. 9. pp. 11801183, 1995. doi:
10.2320/matertrans1989.36.1180.

The Steel Handbook. Tata McGraw-Hill, 2000. [Online]. Available:
https://books.google.co.in/books?id=3QomboYUpVEC

N. K. Mukhopadhyay, G. C. Weatherly, and J. D. Embury, “An analysis of microhardness
of single-quasicrystals in the Al — Cu — Co — Si system,” vol. 315, pp. 202-210, 2001.

J. Lankford, “Indentation microfracture in the Palmqvist crack regime: implications for

fracture toughness evaluation by the indentation method,” J. Mater. Sci. Lett., vol. 1, no.

179



[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

11, pp. 493-495, 1982, doi: 10.1007/BF00721938.

B. R. Lawn, A. G. Evans, and D. B. Marshall, “Elastic/Plastic Indentation Damage in
Ceramics: The Median/Radial Crack System,” J. Am. Ceram. Soc., vol. 63, pp. 574-581,
1980, [Online]. Available: https://api.semanticscholar.org/CorpusID:137229380

S. Zameer Abbas, F. Ahmad Khalid, and H. Zaigham, “Indentation fracture toughness
behavior of FeCo-based bulk metallic glass intrinsic composites,” J. Non. Cryst. Solids,

vol. 457, pp. 8692, 2017, doi: 10.1016/j.jnoncrysol.2016.11.022.

G. V. S. Murthy, A. K. Ray, R. K. Minz, and N. K. Mukhopadhyay, “Microhardness and
fracture toughness studies of decagonal quasicrystal in Al-Cu-Co system,” vol. 8, pp.

255-258.

S. Z. Abbas, F. A. Khalid, and H. Zaigham, “Indentation fracture toughness behavior of

FeCo-based bulk metallic glass intrinsic composites,” J. Non. Cryst. Solids, vol. 457, pp.
86-92, 2017, doi: 10.1016/j.jnoncrysol.2016.11.022.

J. R. Cahoon, W. H. Broughton, and A. R. Kutzak, “The determination of yield strength
from hardness measurements,” Metall. Trans., vol. 2, no. 7, pp. 1979-1983, 1971, doi:
10.1007/BF02913433.

G. V. S. Murthy, A. K. Ray, R. K. Minz, and N. K. Mukhopadhyay, “Microhardness and
fracture toughness studies of decagonal quasicrystal in Al-Cu-Co system,” J. Mater. Sci.
Lett., vol. 18, no. 3, pp. 255-258, 1999, doi: 10.1023/A:1006694130894.

P. M. Sargent, “Indentation size effect and strain-hardening,” J. Mater. Sci. Lett., vol. §,

no. 10, pp. 1139-1140, 1989, doi: 10.1007/BF01730048.

D. Singh, R. K. Mandal, R. S. Tiwari, and O. N. Srivastava, ‘“Nanoindentation
characteristics of Zr69.5A1 7.5 - XGaxCul2Nil1 glasses and their nanocomposites,” J.
Alloys Compd., vol. 509, no. 35, pp. 8657-8663, 2011, doi:
10.1016/j.jallcom.2011.06.076.

T. A. Venkatesh, K. J. Van Vliet, A. E. Giannakopoulos, and S. Suresh, “Determination
of elasto-plastic properties by instrumented sharp indentation: guidelines for property
extraction,” Scr. Mater., vol. 42, no. 9, pp. 833-839, 2000, doi: 10.1016/S1359-
6462(00)00311-0.

180



[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

S. Nowak, P. Ochin, A. Pasko, O. Maciejak, P. Aubert, and Y. Champion,
“Nanoindentation analysis of the mechanical behavior of Zr-based metallic glasses with
Sn, Ta and W additions,” J. Alloys Compd., vol. 483, no. 1-2, pp. 139-142, 2009, doi:
10.1016/j.jallcom.2008.07.178.

S. Y. Kuan, X. H. Du, H. S. Chou, and J. C. Huang, “Mechanical response of amorphous
ZrCuTi/PdCuSi nanolaminates under nanoindentation,” Surf. Coatings Technol., vol. 206,

no. 6, pp. 1116-1119, 2011, doi: 10.1016/j.surfcoat.2011.07.093.

S. Sheng, C. Ma, S. Pang, and T. Zhang, “Glass-forming ability and mechanical
properties of Sm-Doped Fe-Cr-Mo-C-B glassy alloys,” Mater. Trans., vol. 46, no. 12, pp.
2949-2953, 2005, doi: 10.2320/matertrans.46.2949.

S. J. Pang, T. Zhang, K. Asami, and A. Inoue, “Bulk glassy Fe-Cr-Mo-C-B alloys with
high corrosion resistance,” Corros. Sci., vol. 44, no. 8, pp. 1847-1856, 2002, doi:
10.1016/S0010-938X(02)00002-1.

M. J. Duarte et al., “Kinetics and crystallization path of a Fe-based metallic glass alloy,”
Acta Mater., vol. 127, pp. 341-350, 2017, doi: 10.1016/j.actamat.2017.01.031.

R. K. Roy, P. Murugaiyan, G. K. Bansal, K. G. Krishna, and A. K. Panda, “Structural and
magnetic behaviors of Fe - based glassy alloys prepared by industrial raw materials and
different processing routes,” J. Mater. Sci. Mater. Electron., vol. 34, no. 34, pp. 1-10,
2023, doi: 10.1007/s10854-023-11650-w.

A. Singh, P. Kumar, A. Banerjee, M. Dutta, R. K. Mandal, and J. Basu, “Materials
Characterization Structures , interfaces and thermodynamic stability of nanocrystalline
phases in rapidly solidified Fe-based amorphous nanocomposite ribbon , powder and
coating,” Mater. Charact., vol. 186, no. January, p. 111815, 2022, doi:
10.1016/j.matchar.2022.111815.

V. Keryvin, V. H. Hoang, and J. Shen, “Hardness, toughness, brittleness and cracking
systems in an iron-based bulk metallic glass by indentation,” Intermetallics, vol. 17, no. 4,

pp- 211-217, 2009, doi: 10.1016/j.intermet.2008.08.017.
“Fe-N=Mn-P-B-C fracture toughness,2015.”

C. Codrean, D. Buzdugan, M. Voda, V. A. Serban, and A. Pertuz-Comas, “Effect of

181



[188]

[189]

[190]

[191]

[192]

[193]

[194]

[195]

[196]

partial substitution of Cr with Co on glass forming ability, mechanical and magnetic
properties in Fe48Mo14Cr15-xCoxB6P8Si17Y2 bulk metallic glasses,” Rev. UIS Ing., vol.
21, no. 4, pp. 29-38, 2022, doi: 10.18273/revuin.v21n4-2022003.

G. Yang, J. K. Lee, and W. Y. Jang, “Effect of grain refinement on phase transformation
behavior and mechanical properties of Cu-based alloy,” Trans. Nonferrous Met. Soc.
China, vol. 19, pp. 979-983, 2009, [Online]. Available:
https://api.semanticscholar.org/CorpusID:136955050

D. Singh, D. Singh, T. P. Yadav, R. K. Mandal, R. S. Tiwari, and O. N. Srivastava,
“Synthesis and Indentation Behavior of Amorphous and Nanocrystalline Phases in
Rapidly Quenched Cu-Ga-Mg-Ti and Cu-Al-Mg-Ti Alloys,” Metallogr. Microstruct.
Anal., vol. 2, no. 5, pp. 321-327, 2013, doi: 10.1007/s13632-013-0091-7.

N. Wang, Z. Wang, K. T. Aust, and U. Erb, “Room temperature creep behavior of
nanocrystalline nickel produced by an electrodeposition technique,” Mater. Sci. Eng. A,

vol. 237, no. 2, pp. 150158, 1997, do1: 10.1016/S0921-5093(97)00124-X.

N. K. Mukhopadhyay, “Analysis of microhardness data using the normalized power law
equation and energy balance model,” J. Mater. Sci., vol. 40, no. 1, pp. 241-244, 2005,
doi: 10.1007/s10853-005-5718-x.

M. F. Yan, Y. Q. Wu, R. L. Liu, M. Yang, and L. N. Tang, “Microstructure and
mechanical properties of the modified layer obtained by low temperature plasma nitriding
of nanocrystallized 18Ni maraging steel,” vol. 47, pp. 575-580, 2013, doi:
10.1016/j.matdes.2012.11.007.

K. S. Aneeshkumar, J. Tian, and J. Shen, “Metallic glasses and metallic glass
nanostructures for functional electrocatalytic applications,” Chinese Chem. Lett., vol. 33,

no. 5, pp. 2327-2344, 2022, doi: 10.1016/j.cclet.2021.12.013.
“© 1960 Nature Publishing Group,” 1960.

M. Z. Ma et al., “Wear resistance of Zr-based bulk metallic glass applied in bearing
rollers,” Mater. Sci. Eng. A, vol. 386, no. 1-2, pp. 326-330, 2004, doi:
10.1016/j.msea.2004.07.054.

M. F. Ashby and A. L. Greer, “Metallic glasses as structural materials,” Scr. Mater., vol.

182



[197]

[198]

[199]

[200]

[201]

[202]

[203]

[204]

[205]

[206]

54, no. 3, pp. 321-326, 2006, doi: 10.1016/j.scriptamat.2005.09.051.

M. M. Trexler and N. N. Thadhani, “Mechanical properties of bulk metallic glasses,”
Prog. Mater. Sci., vol. 55, no. 8, pp. 759-839, 2010, doi: 10.1016/j.pmatsci.2010.04.002.

N. Mahata et al., “Glassy blast furnace pig iron and design of other glassy compositions
using thermodynamic calculations,” J. Non. Cryst. Solids, vol. 484, no. January, pp. 95—
104, 2018, doi: 10.1016/j.jnoncrysol.2018.01.029.

P. K. Rai et al., “Experimental validation of glass forming ability of melt spun ribbons of
pig iron and its derivative compositions and their corrosion behavior,” J. Non. Cryst.
Solids, vol. 532, no. October 2019, p. 119883, 2020, doi:
10.1016/j.jnoncrysol.2019.119883.

D. Turnbull, “Under what conditions can a glass be formed?,” Contemp. Phys., vol. 10,

no. 5, pp. 473488, Sep. 1969, doi: 10.1080/00107516908204405.

A. Inoue, T. Zhang, and T. Masumoto, “Al-La—Ni Amorphous Alloys with a Wide
Supercooled Liquid Region,” Mater. Trans. JIM, vol. 30, no. 12, pp. 965-972, 1989, doi:
10.2320/matertrans1989.30.965.

Z.P.Luand C. T. Liu, “A new glass-forming ability criterion for bulk metallic glasses,”

Acta Mater., vol. 50, no. 13, pp. 3501-3512, 2002, doi: 10.1016/S1359-6454(02)00166-0.

K. Mondal and B. S. Murty, “On the parameters to assess the glass forming ability of
liquids,” J. Non. Cryst. Solids, vol. 351, no. 16-17, pp. 13661371, 2005, doi:
10.1016/j.jnoncrysol.2005.03.006.

F. C. Li et al., “Amorphous—nanocrystalline alloys: fabrication, properties, and

applications,” Mater. Today Adv., vol. 4, 2019, doi: 10.1016/j.mtadv.2019.100027.

Z.Dan, Y. Yamada, and A. Makino, “Dependence of soft magnetic properties of Fe81-
85.5S12B10P1.5-6Cul alloys on P content,” IEEE Trans. Magn., vol. 50, no. 4, pp. 85—
88,2014, doi: 10.1109/TMAG.2013.2287023.

Z. Jia et al., “Ultra-sustainable Fe 78 Si 9 B 13 metallic glass as a catalyst for activation
of persulfate on methylene blue degradation under UV-Vis light,” Sci. Rep., vol. 6, no.
October, pp. 1-10, 2016, doi: 10.1038/srep38520.

183



[207]

[208]

[209]

[210]

[211]

[212]

[213]

[214]

[215]

[216]

[217]

P. Yiu, C. H. Hsueh, and C. H. Shek, “Electroplastic forming in a Fe-based metallic glass
ribbon,” J. Alloys Compd., vol. 658, pp. 795-799, 2016, doi:
10.1016/j.jallcom.2015.11.033.

M. L. F. Nascimento, L. A. Souza, E. B. Ferreira, and E. D. Zanotto, “Can glass stability
parameters infer glass forming ability ?,” vol. 351, pp. 3296-3308, 2005, doi:
10.1016/j.jnoncrysol.2005.08.013.

K. Sangwal, B. Surowska, and P. Btaziak, “Analysis of the indentation size effect in the

microhardness measurement of some cobalt-based alloys,” vol. 77, pp. 511-520, 2002.

N. K. Mukhopadhyay, J. Bhatt, A. K. Pramanick, B. S. Murty, and P. Paufler, “Synthesis
of nanocrystalline/quasicrystalline Mg32(Al,Zn) 49 by melt spinning and mechanical
milling,” J. Mater. Sci., vol. 39, no. 1617, pp. 5155-5159, 2004, doi:
10.1023/B:JMSC.0000039202.27103.4c.

M. Igbal and W. H. Wang, “Synthesis and characterization of Mg-based amorphous alloys
and their use for decolorization of Azo dyes,” IOP Conf. Ser. Mater. Sci. Eng., vol. 60,
no. 1, 2014, doi: 10.1088/1757-899X/60/1/012035.

M. Calvo-Dahlborg, “Structure and embrittlement,” Mater. Sci. Eng. A, 1997.

V. 1. Tkatch, A. I. Limanovskii, S. N. Denisenko, and S. G. Rassolov, “The effect of the
melt-spinning processing parameters on the rate of cooling,” Mater. Sci. Eng. A, vol. 323,

no. 1-2, pp. 91-96, 2002, doi: 10.1016/S0921-5093(01)01346-6.

R. C. Ruhl, “Cooling rates in splat cooling,” Mater. Sci. Eng., vol. 1, no. 6, pp. 313-320,
1967, doi: 10.1016/0025-5416(67)90013-4.

A. Zambon, B. Badan, G. Vedovato, and E. Ramous, “Through ribbon cooling rates and
related nanostructures in melt spun Fe/Ni base hyperquenched alloys,” Mater. Sci. Eng. A,
vol. 304-306, no. 1-2, pp. 592-597, 2001, doi: 10.1016/S0921-5093(00)01541-0.

X. F. Miao, Y. G. Wang, and M. Guo, “Structural, thermal and magnetic properties of Fe-
Si-B-P-Cu melt-spun ribbons: Application of non-isothermal kinetics and the amorphous
random anisotropy model,” J. Alloys Compd., vol. 509, no. 6, pp. 2789-2792, 2011, doi:
10.1016/j.jallcom.2010.11.101.

N. Li, L. Liu, and K. C. Chan, “Deformation behavior and indentation size effect in

184



amorphous and crystallized Pd40Cu30Ni10P20 alloy,” J. Mater. Res., vol. 24, no. 5, pp.
1693-1699, 2009, doi: 10.1557/jmr.2009.0222.

[218] B. Movahedi, M. H. Enayati, and C. C. Wong, “Study on nanocrystallization and
amorphization in Fe-Cr-Mo-B-P-Si-C system during mechanical alloying,” Mater. Sci.

Eng. B, vol. 172, no. 1, pp. 50-54, 2010, doi: 10.1016/j.mseb.2010.04.016.

[219] J. J. Sufiol, N. Clavaguera, and M. T. Clavaguera-Mora, “Comparison of Fe-Ni-P-Si
alloys prepared by ball milling,” J. Non. Cryst. Solids, vol. 287, no. 1-3, pp. 114-119,
2001, doi: 10.1016/S0022-3093(01)00568-3.

[220] R. Q. Guo, C. Zhang, Y. Yang, Y. Peng, and L. Liu, “Corrosion and wear resistance of a
Fe-based amorphous coating in underground environment,” Intermetallics, vol. 30, pp.

94-99, 2012, doi: 10.1016/j.intermet.2012.03.026.

[221] R. Q. Guo, C. Zhang, Q. Chen, Y. Yang, N. Li, and L. Liu, “Study of structure and
corrosion resistance of Fe-based amorphous coatings prepared by HVAF and HVOF,”
Corros. Sci., vol. 53, no. 7, pp. 2351-2356, 2011, doi: 10.1016/j.corsci.2010.12.022.

[222] A. Singh and S. P. Harimkar, “Spark plasma sintering of in situ and ex situ iron-based
amorphous matrix composites,” J. Alloys Compd., vol. 497, no. 1-2, pp. 121-126, 2010,
doi: 10.1016/j.jallcom.2010.03.081.

[223] C. Kyu, H. Sang, S. Yong, J. Chul, D. Hyang, and S. Lee, “Microstructure and
mechanical properties of Cu-based bulk amorphous alloy billets fabricated by spark
plasma sintering,” vol. 406, pp. 293-299, 2005, doi: 10.1016/j.msea.2005.06.043.

[224] D. Ouyang, N. Li, and L. Liu, “Structural heterogeneity in 3D printed Zr-based bulk
metallic glass by selective laser melting,” J. Alloys Compd., vol. 740, pp. 603—609, 2018,
doi: 10.1016/j.jallcom.2018.01.037.

[225] D. Ouyang, N. Li, W. Xing, J. Zhang, and L. Liu, “3D printing of crack-free high strength
Zr-based bulk metallic glass composite by selective laser melting,” Intermetallics, vol. 90,

no. April, pp. 128-134, 2017, doi: 10.1016/j.intermet.2017.07.010.

[226] C. Suryanarayana, “Mechanical alloying and milling,” Mech. Alloy. Milling, vol. 46, pp.
1-472, 2004, doi: 10.4150/kpmi.2006.13.5.371.

[227] L. Schultz, “Formation of amorphous metals by mechanical alloying,” Mater. Sci. Eng.,

185



[228]

[229]

[230]

[231]

[232]

[233]

[234]

[235]

[236]

[237]

vol. 97, pp. 15-23, 1988, doi: https://doi.org/10.1016/0025-5416(88)90004-3.

J. Eckert, M. Seidel, N. Schlorke, A. Kiibler, and L. Schultz, “Solid State Processing of
Bulk Metallic Glass Forming Alloys,” Mater. Sci. Forum, vol. 235-238, pp. 23-28, 1996,
[Online]. Available: https://api.semanticscholar.org/CorpusID:138834910

K. R. Ravi, Indumathi, R. Subramanian, and B. S. Murty, “Spark plasma sintering of Fe-
Cr-Mo-P-B-C-Si amorphous alloy,” Mater. Sci. Forum, vol. 710, pp. 320-325, 2012, doi:
10.4028/www.scientific.net/MSF.710.320.

J. Petrik, P. Blagko, S. Markulik, M. Solc, and P. Palfy, “The Indentation Size Effect
(ISE) of Metals,” Crystals, vol. 12, no. 6, 2022, doi: 10.3390/cryst12060795.

K. Sangwal, “On the reverse indentation size effect and microhardness measurement of

solids,” vol. 63, pp. 145—-152, 2000.

J. G. Wang, B. W. Choi, T. G. Nieh, and C. T. Liu, “Crystallization and nanoindentation
behavior of a bulk Zr—Al-Ti—Cu—Ni amorphous alloy,” J. Mater. Res., vol. 15, no. 3, pp.
798-807, 2000, doi: 10.1557/JMR.2000.0114.

T. Xu, R. Li, R. Xiao, G. Liu, J. Wang, and T. Zhang, “Tuning glass formation and brittle
behaviors by similar solvent element substitution in (Mn,Fe)-based bulk metallic glasses,”

Mater. Sci. Eng. A, vol. 626, pp. 16-26, 2015, doi: 10.1016/j.msea.2014.12.048.

W. Guo et al., “Fabrication and Characterization of Thermal-Sprayed Fe-Based
Amorphous/Nanocrystalline Composite Coatings: An Overview,” J. Therm. Spray
Technol., vol. 23, no. 7, pp. 1157-1180, 2014, doi: 10.1007/s11666-014-0096-z.

M. Igbal, W. S. Sun, H. F. Zhang, J. I. Akhter, and Z. Q. Hu, “Effect of additional
elements on mechanical properties of a specially constituted Zr-based alloy,” Mater. Sci.

Eng. A, vol. 447, no. 1-2, pp. 167-173, 2007, doi: 10.1016/j.msea.2006.10.039.

P. M. Sargent, “Use of the Indentation Size Effect on Microhardness for Materials
Characterization.,” ASTM Spec. Tech. Publ., no. January 1985, pp. 160—-174, 1985, doi:
10.1520/stp32956s.

S. E. E. Profile, S. E. E. Profile, and S. E. E. Profile, “The Indentation Size Effect (ISE) of
Metals,” no. June, 2022, doi: 10.3390/cryst12060795.

186



[238] K.J. Laws, K. F. Shamlaye, B. Gun, and M. Ferry, “Synthesis of copper-based bulk
metallic glasses in the ternary Cu-Mg-Ca system,” J. Alloys Compd., vol. 486, no. 1-2,
pp. 27-29, 2009, doi: 10.1016/j.jallcom.2009.06.205.

[239] P. Yu, H. Y. Bai, M. B. Tang, and W. L. Wang, “Excellent glass-forming ability in simple
Cu50Zr 50-based alloys,” J. Non. Cryst. Solids, vol. 351, no. 14-15, pp. 1328-1332,
2005, doi: 10.1016/j.jnoncrysol.2005.03.012.

[240] D. V. Louzguine-Luzgin et al., “Cooling rate, structure, thermal stability and
crystallization behaviour of Cu-based bulk glass-forming alloys,” J. Phys. Conf. Ser., vol.
144, 2009, doi: 10.1088/1742-6596/144/1/012047.

[241] E. S. Park et al., “Formation of amorphous phase in melt-spun and injection-cast Cu
60Zr30Ti10 alloys,” Scr. Mater., vol. 51, no. 3, pp. 221-224, 2004, doi:
10.1016/j.scriptamat.2004.04.012.

[242] J. C. Foley and T. A. Lograsso, “Characterization of Gas Atomized Cu48Ti34Zr10Ni8
Amorphous Alloy Characterization of Gas Atomized Cu48Ti34Zr10Ni8 Amorphous
Alloy,” 1998, doi: 10.1557/PROC-554-199.This.

[243] E. S. Park, H. J. Chang, D. H. Kim, T. Ohkubo, and K. Hono, “Effect of the substitution
of Ag and Ni for Cu on the glass forming ability and plasticity of Cu60Zr30Til0 alloy,”
Scr. Mater., vol. 54, no. 9, pp. 1569-1573, 2006, doi: 10.1016/].scriptamat.2006.01.023.

[244] N. Mattern, “Structural and magnetic nano-clusters in Cu50Zr50-xGdx(x=>5at%) metallic
glasses,” Acta Mater., 2016.

[245] H. Y. Ding and K. F. Yao, “High entropy Ti20Zr20Cu20Ni 20Be20 bulk metallic glass,”
J. Non. Cryst. Solids, vol. 364, no. 1, pp. 9-12, 2013, doi:
10.1016/j.jnoncrysol.2013.01.022.

[246] C. N. Kuo, J. C. Huang, X. H. Du, Y. C. Chen, X. J. Liu, and T. G. Nieh, “Effects of V on
phase formation and plasticity improvement in Cu-Zr-Al glassy alloys,” Mater. Sci. Eng.

A4, vol. 561, pp. 245-251, 2013, doi: 10.1016/;.msea.2012.11.011.

[247] B. Escher, U. Kiihn, J. Eckert, C. Rentenberger, and S. Pauly, “Influence of Ag and Co
additions on glass-forming ability, thermal and mechanical properties of Cu—Zr—Al bulk

metallic glasses,” Mater. Sci. Eng. A, vol. 673, pp. 90-98, 2016, doi:

187



[248]

[249]

[250]

[251]

[252]

[253]

[254]

[255]

10.1016/7.msea.2016.06.081.

Z.Xie, Y. Zhang, Y. Yang, X. Chen, and P. Tao, “Effects of rare-earth elements on the
glass-forming ability and mechanical properties of Cu46Zr47-x AI7M x (M = Ce, Pr, Tb,
and Gd) bulk metallic glasses,” Rare Met., vol. 29, no. 5, pp. 444-450, 2010, doi:
10.1007/s12598-010-0147-7.

E. S. Park and D. H. Kim, “Phase separation and enhancement of plasticity in Cu-Zr-Al-Y
bulk metallic glasses,” Acta Mater., vol. 54, no. 10, pp. 2597-2604, 2006, doi:
10.1016/j.actamat.2005.12.020.

D. Cao, Y. Wu, X. J. Liu, H. Wang, X. Z. Wang, and Z. P. Lu, “Enhancement of glass-
forming ability and plasticity via alloying the elements having positive heat of mixing
with Cu in Cu48Zr48Al4 bulk metallic glass,” J. Alloys Compd., pp. 382391, 2019, doi:
10.1016/j.jallcom.2018.10.396.

H. min ZHAI H. feng WANG, and F. LIU, “Effect of minor Nb addition on mechanical
properties of in-situ Cu-based bulk metallic glass composite,” Trans. Nonferrous Met.
Soc. China (English Ed., vol. 27, no. 2, pp. 363-368, 2017, doi: 10.1016/S1003-
6326(17)60040-2.

J. Wu, W. Li, Y. Pan, J. Qi, and J. Wang, “Microalloying and microstructures of Cu-based
bulk metallic glasses & composites and relevant mechanical properties,” Mater. Des., vol.

89, pp. 1130-1136, 2016, doi: 10.1016/j.matdes.2015.10.054.

L. Deng, B. Zhou, H. Yang, X. Jiang, B. Jiang, and X. Zhang, “Roles of minor rare-earth
elements addition in formation and properties of Cu-Zr-Al bulk metallic glasses,” J.

Alloys Compd., vol. 632, pp. 429-434, 2015, doi: 10.1016/j.jallcom.2015.01.036.

M. Malekan, S. G. Shabestari, R. Gholamipour, and S. H. Seyedein, “Effect of Ge
addition on mechanical properties and fracture behavior of Cu-Zr-Al bulk metallic glass,”
J. Alloys Compd., vol. 484, no. 1-2, pp. 708711, 2009, doi:
10.1016/j.jallcom.2009.05.023.

E. S. Park, D. H. Kim, T. Ohkubo, and K. Hono, “Enhancement of glass forming ability
and plasticity by addition of Nb in Cu-Ti-Zr-Ni-Si bulk metallic glasses,” J. Non. Cryst.
Solids, vol. 351, no. 14-15, pp. 1232—-1238, 2005, doi: 10.1016/j.jnoncrysol.2005.02.019.

188



[256]

[257]

[258]

[259]

[260]

[261]

[262]

[263]

[264]

[265]

[266]

E. S. Park, H. J. Chang, and D. H. Kim, “Improvement of glass-forming ability and phase
separation in Cu-Ti-rich Cu-Ti-Zr-Ni-Si bulk metallic glasses,” J. Alloys Compd., vol.
504, no. SUPPL. 1, pp. 27-30, 2010, doi: 10.1016/j.jallcom.2010.04.129.

L. Zhang et al., “Distribution of Be in a Ti-Based Bulk Metallic Glass Composite
Containing B-T1,” J. Mater. Sci. Technol., vol. 33, no. 7, pp. 708-711, 2017, doi:
10.1016/5.jmst.2016.03.025.

K. K. Song et al., “Thermal stability and mechanical properties of Cu 46Zr 46Ag 8 bulk
metallic glass and its composites,” Mater. Sci. Eng. A, vol. 559, pp. 711-718, 2013, doi:
10.1016/j.msea.2012.09.013.

J. F. Li, Z. H. Huang, and Y. H. Zhou, “Crystallization of amorphous Zr 60 Al 15 Ni 25
alloy,” Intermetallics, vol. 15, no. 8, pp. 1013-1019, 2007, doi:
10.1016/j.intermet.2006.12.006.

B. Smili, “by electrical resistivity measurements,” vol. 2, pp. 1053-1067, 2019.

P. Zhang, J. Li, Y. Hu, and Y. Zhou, “Effect of rolling deformation on the structure of
bulk Zr60Cu30Al110 amorphous alloy,” J. Alloys Compd., vol. 475, no. 1-2, pp. 165-167,
2009, doi: 10.1016/j.jallcom.2008.07.040.

T. H. Li et al., “Significantly enhanced mechanical properties of ZrAlCo bulk amorphous
alloy by microalloying with Ta,” Intermetallics, vol. 93, no. September 2017, pp. 162—
168, 2018, doi: 10.1016/j.intermet.2017.12.008.

Y. Wang, J. Wang, and C. Li, “Effect of Si, Pd and la additions on glass forming ability
and thermal stability of Zr-Ni-based amorphous alloys,” J. Alloys Compd., vol. 509, no. 7,
pp. 3262-3268, 2011, doi: 10.1016/j.jallcom.2010.12.035.

Y. H. Li et al., “Effects of Ni addition on the glass-forming ability, mechanical properties
and corrosion resistance of Zr-Cu-Al bulk metallic glasses,” Mater. Sci. Eng. A, vol. 528,

no. 29-30, pp. 8551-8556, 2011, doi: 10.1016/j.msea.2011.07.077.

Q. S. Zhang, W. Zhang, and A. Inoue, “Ni-free Zr-Fe-Al-Cu bulk metallic glasses with
high glass-forming ability,” Scr. Mater., vol. 61, no. 3, pp. 241-244, 2009, doi:
10.1016/j.scriptamat.2009.03.056.

J. H. Han ef al., “Phase separation in Zr56-xGdxCo 28 Al16 metallic glasses (0 < x < 20),”

189



[267]

[268]

[269]

[270]

[271]

[272]

[273]

[274]

[275]

[276]

Acta Mater., vol. 66, pp. 262-272, 2014, doi: 10.1016/j.actamat.2013.11.013.

W. Zhou, W. P. Weng, and J. X. Hou, “Glass-forming Ability and Corrosion Resistance
of Zr-Cu-Al-Co Bulk Metallic Glass,” J. Mater. Sci. Technol., vol. 32, no. 4, pp. 349-354,
2016, doi: 10.1016/j.jmst.2015.12.012.

J. Zhu et al., “Formation of Zr-based bulk metallic glass with large amount of yttrium
addition,” Intermetallics, vol. 92, no. September 2017, pp. 55-61, 2018, doi:
10.1016/j.intermet.2017.08.018.

T. Wang, L. Wang, Q. Wang, Y. Liu, and X. Hui, “Pronounced Plasticity Caused by
Phase Separation and B-relaxation Synergistically in Zr-Cu-Al-Mo Bulk Metallic
Glasses,” Sci. Rep., vol. 7, no. 1, pp. 1-9, 2017, doi: 10.1038/s41598-017-01283-5.

N. D. de Campos Neto, W. M. de Paula, F. S. Pereira, C. J. Parrish, and M. F. De
Oliveira, “Influence of Small Content Elements Additions on the Glass Forming Ability
of Zr-based Bulk Metallic Glasses Alloys,” Mater. Res., vol. 21, no. 6, 2018, doi:
10.1590/1980-5373-mr-2017-1088.

Q. He and J. Xu, “Locating Malleable Bulk Metallic Glasses in Zr-Ti-Cu-Al Alloys with
Calorimetric Glass Transition Temperature as an Indicator,” J. Mater. Sci. Technol., vol.

28, no. 12, pp. 1109-1122, 2012, doi: 10.1016/S1005-0302(12)60180-7.

M. Bakkal, A. J. Shih, R. O. Scattergood, and C. T. Liu, “Machining of a Zr-Ti-Al-Cu-Ni
metallic glass,” Scr. Mater., vol. 50, no. 5, pp. 583-588, 2004, doi:
10.1016/j.scriptamat.2003.11.052.

“Chapter 3 Metallic Glass Matrix Composite Honeycombs,” pp. 29-45.

Y. Liu, Y. M. Wang, H. F. Pang, Q. Zhao, and L. Liu, “A Ni-free ZrCuFeAlAg bulk
metallic glass with potential for biomedical applications,” Acta Biomater., vol. 9, no. 6,

pp. 7043-7053, 2013, doi: 10.1016/j.actbio.2013.02.019.

W. Zhou, J. Hou, Z. Zhong, and J. Li, “Effect of Ag content on thermal stability and
crystallization behavior of Zr-Cu-Ni-Al-Ag bulk metallic glass,” J. Non. Cryst. Solids,
vol. 411, pp. 132-136, 2015, doi: 10.1016/j.jnoncrysol.2014.12.036.

S. Chen et al., “Phase separation and significant plastic strain in a Zr-Cu-Ni-Al-Fe bulk

metallic glass,” Mater. Sci. Eng. A, vol. 656, pp. 84—89, 2016, doi:

190



[277]

[278]

[279]

[280]

[281]

[282]

[283]

[284]

[285]

10.1016/j.msea.2016.01.032.

Y. Zhang, J. Yao, X. Zhao, and L. Ma, “Ti substituted Ni-free Zr65-
xTixCul7.5Fe10Al7.5 bulk metallic glasses with significantly enhanced glass-forming
ability and mechanical properties,” J. Alloys Compd., vol. 773, pp. 713-718, 2019, doi:
10.1016/j.jallcom.2018.09.292.

Y. Zhang, D. Q. Zhao, R. J. Wang, M. X. Pan, and W. H. Wang, “Glass forming ability
and properties of Zr/Nb-based bulk metallic glasses,” Mater. Trans. JIM, vol. 41, no. 11,
pp. 1423-1426, 2000, doi: 10.2320/matertrans1989.41.1423.

X. Rao et al., “Preparation and mechanical properties of a new Zr-Al-Ti-Cu-Ni-Be bulk
metallic glass,” Mater. Lett., vol. 50, no. 5-6, pp. 279-283, 2001, doi: 10.1016/S0167-
577X(01)00240-3.

W. H. Wang and H. Y. Bai, “Role of small atoms in the formation and properties of Zr-
Ti-Cu-Ni-Be bulk amorphous alloys,” J. Appl. Phys., vol. 84, no. 11, pp. 5961-5968,
1998, doi: 10.1063/1.368891.

A. A. Kiindig, M. Ohnuma, D. H. Ping, T. Ohkubo, and K. Hono, “In situ formed two-
phase metallic glass with surface fractal microstructure,” Acta Mater., vol. 52, no. 8, pp.

2441-2448, 2004, doi: 10.1016/j.actamat.2004.01.036.

X.F.Wu, Z. Y. Suo, Y. Si, L. K. Meng, and K. Q. Qiu, “Bulk metallic glass formation in
a ternary Ti-Cu-Ni alloy system,” J. Alloys Compd., vol. 452, no. 2, pp. 268-272, 2008,
doi: 10.1016/j.jallcom.2006.11.010.

A. Inoue, N. Nishiyama, K. Amiya, T. Zhang, and T. Masumoto, “Ti-based amorphous
alloys with a wide supercooled liquid region %,” vol. 61, pp. 2851-2854, 2007, doi:
10.1016/j.matlet.2007.03.048.

D. V. Louzguine and A. Inoue, “Nanocrystallization of Ti-Ni-Cu-Sn amorphous alloy,”

Scr. Mater., vol. 43, no. 4, pp. 371-376, 2000, doi: 10.1016/S1359-6462(00)00425-5.

P. Gargarella, S. Pauly, M. S. Khoshkhoo, C. S. Kiminami, U. Kiihn, and J. Eckert,
“Improving the glass-forming ability and plasticity of a TiCu-based bulk metallic glass
composite by minor additions of Si,” J. Alloys Compd., vol. 663, pp. 531-539, 2016, doi:
10.1016/j.jallcom.2015.12.160.

191



[286]

[287]

[288]

[289]

[290]

[291]

[292]

[293]

[294]

[295]

[296]

S. F. Zhao, Y. Shao, P. Gong, and K. F. Yao, “A Centimeter-Sized Quaternary Ti-Zr-Be-
Ag Bulk Metallic Glass,” vol. 2014, pp. 2—7, 2014.

P. Gong, X. Wang, Y. Shao, N. Chen, and K. Yao, “Ti-Zr-Be-Fe quaternary bulk metallic
glasses designed by Fe alloying,” Sci. China Physics, Mech. Astron., vol. 56, no. 11, pp.
2090-2097, 2013, doi: 10.1007/s11433-013-5271-6.

M. Q. Tang et al., “TiZr-base Bulk Metallic Glass with over 50 mm in Diameter,” J.
Mater. Sci. Technol., vol. 26, no. 6, pp. 481486, 2010, doi: 10.1016/S1005-
0302(10)60077-1.

S. F. Zhao, N. Chen, P. Gong, and K. F. Yao, “New centimeter-sized quaternary Ti-Zr-
Be-Cu bulk metallic glasses with large glass forming ability,” J. Alloys Compd., vol. 647,
pp. 533-538, 2015, doi: 10.1016/j.jallcom.2015.05.214.

H. Zhai, H. Wang, and F. Liu, “Effects of Sn addition on mechanical properties of Ti-
based bulk metallic glass composites,” Mater. Des., vol. 110, pp. 782-789, 2016, doi:
10.1016/j.matdes.2016.08.051.

P. Gong, K. F. Yao, X. Wang, and Y. Shao, “Centimeter-sized Ti-based bulk metallic
glass with high specific strength,” Prog. Nat. Sci. Mater. Int., vol. 22, no. 5, pp. 401-406,
2012, doi: 10.1016/j.pnsc.2012.10.007.

Y. C. Kim, W. T. Kim, and D. H. Kim, “A development of Ti-based bulk metallic glass,”
Mater. Sci. Eng. A, vol. 375-377, no. 1-2 SPEC. ISS., pp. 127-135, 2004, doi:
10.1016/j.msea.2003.10.115.

N. Nishiyama, K. Amiya, and A. Inoue, “Bulk metallic glasses for industrial products,”

Mater. Trans., vol. 45, no. 4, pp. 1245-1250, 2004, doi: 10.2320/matertrans.45.1245.

L. Zhang et al., “A Ti136.2 Zr 30.3 Cu 8.3 Fe 4 Be 21.2 bulk metallic glass with
exceptional glass forming ability and remarkable compressive plasticity,” J. Alloys

Compd., vol. 562, pp. 205-210, 2013, doi: 10.1016/j.jallcom.2013.02.047.

Z.Y. Zhang et al., “Effects of Sn addition on phase formation and mechanical properties
of TiCu-based bulk metallic glass composites,” Intermetallics, vol. 42, pp. 68-76, 2013,
doi: 10.1016/j.intermet.2013.05.009.

S. F. Zhao, Y. Shao, X. Liu, N. Chen, H. Y. Ding, and K. F. Yao, “Pseudo-quinary Ti 20

192



[297]

[298]

[299]

[300]

[301]

[302]

[303]

[304]

Zr 20 Hf 20 Be 20 (Cu 20-x Ni x ) high entropy bulk metallic glasses with large glass
forming ability,” Mater. Des., vol. 87, pp. 625-631, 2015, doi:
10.1016/j.matdes.2015.08.067.

P. Li, G. Wang, D. Ding, and J. Shen, “Glass forming ability, thermodynamics and
mechanical properties of novel Ti-Cu-Ni-Zr-Hf bulk metallic glasses,” Mater. Des., vol.

53, pp. 145-151, 2014, doi: 10.1016/j.matdes.2013.06.060.

H. Wang et al., “Effect of cobalt microalloying on the glass forming ability of Ti-Cu-Pd-
Zr metallic glass,” J. Non. Cryst. Solids, vol. 379, pp. 155-160, 2013, doi:
10.1016/j.jnoncrysol.2013.08.001.

S. L. Zhu, X. M. Wang, and A. Inoue, “Glass-forming ability and mechanical properties
of Ti-based bulk glassy alloys with large diameters of up to 1 cm,” Intermetallics, vol. 16,
no. &, pp. 1031-1035, 2008, doi: 10.1016/j.intermet.2008.05.006.

D. Q. Ma,J. Li, Y. F. Zhang, X. Y. Zhang, M. Z. Ma, and R. P. Liu, “Effect of
compositional tailoring on the glass-forming ability and mechanical properties of TiZr-
based bulk metallic glass matrix composites,” Mater. Sci. Eng. A, vol. 612, pp. 310-315,
2014, doi: 10.1016/j.msea.2014.06.041.

Q. Hu, M. W. Fu, X. R. Zeng, and C. L. Ma, “Thin-walled Ti41.5Zr2.5Hf5Cu
42.5N17.58i1 bulk metallic glass tubes: Promising energy absorbers and lightweight
structures,” J. Alloys Compd., vol. 546, pp. 180-184, 2013, doi:
10.1016/j.jallcom.2012.08.027.

H. Zhai, Y. Xu, F. Zhang, Y. Ren, H. Wang, and F. Liu, “Effect of transition metal
elements (Cu, Ni, Co and Fe) on the mechanical properties of Ti-based bulk metallic glass
composites,” J. Alloys Compd., vol. 694, pp. 1-9, 2017, doi:
10.1016/j.jallcom.2016.09.280.

D. B. Zhou, S. P. Wang, S. G. Wang, H. J. Ai, and J. Xu, “Bulk Metallic Glasses: MRI
Compatibility and Its Correlation with Magnetic Susceptibility,” J. Mater. Sci. Technol.,
vol. 32, no. 6, pp. 496-504, 2016, doi: 10.1016/j.jmst.2016.04.001.

Y. Liu, G. Wang, H. Li, S. Pang, K. Chen, and T. Zhang, “Ti-Cu-Zr-Fe-Sn-Si-Sc bulk
metallic glasses with good mechanical properties for biomedical applications,” J. Alloys

Compd., vol. 679, pp. 341-349, 2016, doi: 10.1016/j.jallcom.2016.03.224.

193



[305] Y.J. Huang, J. Shen, J. F. Sun, and X. B. Yu, “A new Ti-Zr-Hf-Cu-Ni-Si-Sn bulk
amorphous alloy with high glass-forming ability,” J. Alloys Compd., vol. 427, no. 1-2, pp.
171-175, 2007, doi: 10.1016/j.jallcom.2006.03.006.

[306] A. Inoue, T. Zhang, and T. Masumoto, ‘“Production of Amorphous Cylinder and Sheet of
La55AI125Ni20 Alloy by a Metallic Mold Casting Method,” Mater. Trans. JIM, vol. 31,
no. 5, pp. 425428, 1990, doi: 10.2320/matertrans1989.31.425.

[307] R.Li, S. Pang, and T. Zhang, “Lanthanum-Cerium Based Bulk Metallic Glasses with
Superior Glass-Forming Ability,” Mater. Sci., 2006.

[308] Q. K. Jiang et al., “La-based bulk metallic glasses with critical diameter up to 30 mm,”
Acta Mater., vol. 55, no. 13, pp. 4409-4418, 2007, doi: 10.1016/j.actamat.2007.04.021.

[309] C. Wang et al., “Intermediate Temperature Brittleness in Metallic Glasses,” Adv. Mater.,
vol. 29, no. 14, 2017, doi: 10.1002/adma.201605537.

[310] Q. K. Jiang, G. Q. Zhang, L. Y. Chen, Q. S. Zeng, and J. Z. Jiang, “Centimeter-sized
(La0.5Ce0.5)-based bulk metallic glasses,” J. Alloys Compd., vol. 424, no. 1-2, pp. 179—
182, 2006, doi: 10.1016/j.jallcom.2006.07.007.

[311] P. Li, F. Meng, Y. Wang, M. Dong, J. Shi, and P. Song, “Glass forming ability and
thermodynamic properties in novel La-Al-Cu-Co bulk metallic glasses,” J. Rare Earths,

vol. 33, no. 9, pp. 972-976, 2015, doi: 10.1016/S1002-0721(14)60514-7.

[312] E. S. Park and D. H. Kim, “Effect of manipulating atomic scale heterogeneity on
plasticity in Mg-based bulk metallic glasses,” Intermetallics, vol. 18, no. 10, pp. 1867—
1871, 2010, doi: 10.1016/j.intermet.2010.01.025.

[313] J. Q. Wang, P. Yu, and H. Y. Bai, “Minor addition induced enhancement of strength of
Mg-based bulk metallic glass,” J. Non. Cryst. Solids, vol. 354, no. 52-54, pp. 5440-5443,
2008, doi: 10.1016/j.jnoncrysol.2008.08.010.

[314] X. K. Xi, D. Q. Zhao, M. X. Pan, and W. H. Wang, “Highly processable Mg65Cu25Tb10
bulk metallic glass,” J. Non. Cryst. Solids, vol. 344, no. 3, pp. 189-192, 2004, doi:
10.1016/j.jnoncrysol.2004.07.057.

[315] G. B. Liu, P. Gao, S. Q. Yang, Z. Xue, and M. L. Zhang, “Effects of Zn addition on the
glass forming ability and mechanical properties of Mg-Cu-Gd bulk metallic glasses,” J.

194



[316]

[317]

[318]

[319]

[320]

[321]

[322]

[323]

[324]

[325]

Alloys Compd., vol. 588, pp. 59-63, 2014, doi: 10.1016/j.jallcom.2013.11.036.

S. Gonzélez, D. V. Louzguine-Luzgin, J. H. Perepezko, and A. Inoue, “Mechanical
properties of Mg-Li-Cu-Y metallic glass composites,” J. Alloys Compd., vol. 504, no.
SUPPL. 1, pp. 114116, 2010, doi: 10.1016/j.jallcom.2010.02.141.

K. M. Liu, H. T. Zhou, B. Yang, D. P. Lu, and A. Atrens, “Influence of Si on glass
forming ability and properties of the bulk amorphous alloy Mg60Cu30Y'10,” Mater. Sci.
Eng. A, vol. 527, no. 29-30, pp. 7475-7479, 2010, doi: 10.1016/j.msea.2010.08.030.

W. Qin, J. Li, H. Kou, X. Gu, X. Xue, and L. Zhou, “Effects of alloy addition on the
improvement of glass forming ability and plasticity of Mg-Cu-Tb bulk metallic glass,”
Intermetallics, vol. 17, no. 4, pp. 253-255, 2009, doi: 10.1016/j.intermet.2008.08.011.

J. S. Kyeong, D. H. Kim, J. I. Lee, and E. S. Park, “Effects of alloying elements with
positive enthalpy of mixing in Mg 65Cu 25Gd 10 bulk-forming metallic glasses,”
Intermetallics, vol. 31, pp. 915, 2012, doi: 10.1016/j.intermet.2012.04.008.

C. Dun, H. Liu, and B. Shen, “Enhancement of plasticity in Co-Nb-B ternary bulk
metallic glasses with ultrahigh strength,” J. Non. Cryst. Solids, vol. 358, no. 23, pp. 3060—
3064, 2012, doi: 10.1016/j.jnoncrysol.2012.08.007.

J. Wang, L. Wang, S. Guan, S. Zhu, R. Li, and T. Zhang, “Effects of boron content on the
glass-forming ability and mechanical properties of Co-B-Ta glassy alloys,” J. Alloys
Compd., vol. 617, pp. 7-11, 2014, doi: 10.1016/j.jallcom.2014.07.187.

L. Bie et al., “Preparation and properties of quaternary CoMoPB bulk metallic glasses,”
Intermetallics, vol. 71, pp. 7-11, 2016, doi: 10.1016/j.intermet.2015.12.008.

Q. K. Man, Y. Q. Dong, C. T. Chang, X. M. Wang, and R. W. Li, “Co-Based bulk
metallic glasses with good Soft-Magnetic properties and high strength,” Mater. Sci.
Forum, vol. 898 MSF, pp. 703-708, 2017, doi: 10.4028/www.scientific.net/MSF.898.703.

Q. Man et al., “Glass-forming ability and magnetic properties of CoFeMoYB bulk glassy
alloys with large supercooled liquid region,” J. Alloys Compd., vol. 504, no. SUPPL. 1,
pp- 132-134, 2010, doi: 10.1016/j.jallcom.2010.03.043.

Y. Dong et al., “Glass-forming ability and soft magnetic properties of (Co
0.6Fe0.3Ni10.1)67B 22+xS16-xNb5 bulk glassy alloys,” J. Alloys Compd., vol. 509, no.

195



[326]

[327]

[328]

[329]

[330]

[331]

[332]

[333]

[334]

[335]

SUPPL. 1, pp. 206-209, 2011, doi: 10.1016/j.jallcom.2011.01.045.

G. Zhang et al., “Effects of Cu additions on mechanical and soft-magnetic properties of
CoFeBSiND bulk metallic glasses,” J. Alloys Compd., vol. 737, pp. 815-820, 2018, doi:
10.1016/j.jallcom.2017.12.176.

T. Bitoh, A. Makino, A. Inoue, and A. L. Greer, “Large bulk soft magnetic
[(Fe0.5C00.5)0.75B 0.20S10.05]96Nb4 glassy alloy prepared by B203 flux melting and
water quenching,” Appl. Phys. Lett., vol. 88, no. 18, pp. 14, 2006, doi:
10.1063/1.2201900.

T. Zhang et al., “Centimeter-scale-diameter Co-based bulk metallic glasses with fracture
strength exceeding 5000 MPa,” Chinese Sci. Bull., vol. 56, no. 36, pp. 3972-3977, 2011,
doi: 10.1007/s11434-011-4765-8.

H. Men, S. J. Pang, and T. Zhang, “Effect of Er doping on glass-forming ability of Co50
Cr15 Mo14 C15B6 alloy,” J. Mater. Res., vol. 21, no. 4, pp. 958-961, 2006, doi:
10.1557/jmr.2006.0109.

A. Hitit and H. Sahin, “The effect of iron content on glass forming ability and thermal
stability of Co-Fe-Ni-Ta-Nb-B-Si bulk metallic glass,” Metals (Basel)., vol. 7, no. 1,
2017, doi: 10.3390/met7010007.

M. Gogebakan, “Crystallization Studies of A185Y 10 Fe 5-x Nix (x=0,2.5,5)
Alloys,” vol. 12, no. October, pp. 521-523, 2003.

E. M. and Y. Waseda, “Anomalous X-ray scattering on Amorphous Al87Y8Ni5 and
Al190Y10 alloys,” 1989.

Z. Chen, X. Xu, H. Zhang, S. Chen, and J. Su, “Effect of the Addition of Large Atomic
Size Elements on the Glass Formation of Al-Ca-Ni Amorphous Alloys,” IOP Conf. Ser.
Mater. Sci. Eng., vol. 394, no. 3, 2018, doi: 10.1088/1757-899X/394/3/032010.

Z.Yan, Y. Liu, S. Pan, Y. Hu, J. Pang, and W. Wang, “The structural evolution of
AI86N19La5 glassy ribbons during milling at room and cryogenic temperatures,”

Materials (Basel)., vol. 11, no. 10, 2018, doi: 10.3390/mal1101956.

S. F. Chen, J. K. Chen, S. L. Lin, and Y. L. Lin, “Effects of B upon glass forming ability
of Al 87 Y 8 Ni 5 amorphous alloy,” J. Alloys Compd., vol. 565, pp. 29-36, 2013, doi:

196



[336]

[337]

[338]

[339]

[340]

[341]

[342]

[343]

[344]

[345]

10.1016/j.jallcom.2013.02.135.

J. Sun, X. Bian, and Y. Bai, “Effect of minor similar elements substitution on glass
forming ability and fragility of Al-Ni-based amorphous alloys,” Procedia Eng., vol. 16,
pp- 755-762, 2011, doi: 10.1016/j.proeng.2011.08.1151.

G. Li et al., “Influences of similar elements on glass forming ability and magnetic
properties in Al-Ni-La amorphous alloy,” J. Mater. Sci. Technol., vol. 26, no. 2, pp. 146—
150, 2010, doi: 10.1016/S1005-0302(10)60024-2.

H. Wang, H. M. Fu, H. F. Zhang, and Z. Q. Hu, “A practical thermodynamic method to
calculate the best glass-forming composition for bulk metallic glasses,” Int. J. Nonlinear

Sci. Numer. Simul., vol. 8, no. 2, pp. 171-178, 2007, doi: 10.1515/IJNSNS.2007.8.2.171.

H. Choi-yim, D. Xu, and W. L. Johnson, “Ni-based bulk metallic glass formation in the
Ni—Nb-Snand Ni—-Nb-Sn— X (X =B, Fe, Cu) alloy systems Ni-based bulk
metallic glass formation in the Ni — Nb — Sn and,” no. August 2018, 2003, doi:
10.1063/1.1544434.

M. Lee, D. Bae, W. Kim, and D. Kim, “Ni-Based Refractory Bulk Amorphous Alloys
with High Thermal Stability,” Mater. Trans., vol. 44, no. 10, pp. 2084-2087, 2003, doi:
10.2320/matertrans.44.2084.

M. Andreato et al., “Selection of Compositions with High Glass Forming Ability in the
Ni-Nb-B Alloy System,” pp. 1-5, 2012.

X. Ma, N. Zhen, J. Guo, Q. Li, C. Chang, and Y. Sun, “Preparation of Ni-based bulk
metallic glasses with high corrosion resistance,” vol. 443, pp. 91-96, 2016, doi:
10.1016/j.jnoncrysol.2016.04.020.

X. Ma, Q. Li, L. Chang, C. Chang, H. Li, and Y. Sun, “Enhancement on GFA and
mechanical properties of Ni-based bulk metallic glasses through Fe addition,”

Intermetallics, vol. 90, no. July, pp. 5862, 2017, doi: 10.1016/j.intermet.2017.06.012.

M. Ishida et al., “Fillability and imprintability of high-strength Ni-based bulk metallic
glass prepared by the precision die-casting technique,” Mater. Trans., vol. 45, no. 4, pp.

1239-1244, 2004, doi: 10.2320/matertrans.45.1239.

A. Hitit, H. Sahin, P. Oztiirk, and A. M. Asgim, “A New Ni-Based Metallic Glass with

197



High Thermal Stability and Hardness,” pp. 162—171, 2015, doi: 10.3390/met5010162.

[346] J. K. Lee, H. J. Kim, T. S. Kim, S. Y. Shin, Y. C. Kim, and J. C. Bae, “Deformation
behavior of Ni-based bulk metallic glass synthesized by spark plasma sintering,” vol. 188,
pp. 801-804, 2007, doi: 10.1016/j.jmatprotec.2006.11.206.

[347] G. Xie, D. V Louzguine-luzgin, H. Kimura, A. Inoue, and F. Wakai, “Large-size ultrahigh
strength Ni-based bulk metallic glassy matrix composites with enhanced ductility
fabricated by spark plasma sintering,” vol. 121907, pp. 14, 2008, doi:
10.1063/1.2902282.

[348] G. Q. Yue et al., “Local structure order in Pd 78 Cu 6 Si 16 liquid,” Sci. Rep., vol. 5, no.
March, pp. 4-10, 2015, doi: 10.1038/srep08277.

[349] A. Takeuchi et al., “Pd20Pt20Cu20Ni20P20 high-entropy alloy as a bulk metallic glass in
the centimeter Intermetallics,” Intermetallics, vol. 19, no. 10, pp. 1546—1554, 2011, doi:
10.1016/.intermet.2011.05.030.

[350] L. Shao et al., “Pulsed laser beam welding of Pd 43 Cu 27 Ni 10 P 20 bulk metallic
glass,” Sci. Rep., vol. 7, pp. 1-7, 2017, doi: 10.1038/s41598-017-08460-6.

[351] S.J. Pang, T. Zhang, K. Asami, and A. Inoue, “Synthesis of Fe-Cr-Mo-C-B-P bulk
metallic glasses with high corrosion resistance,” Acta Mater., vol. 50, no. 3, pp. 489—497,
2002, doi: 10.1016/S1359-6454(01)00366-4.

[352] N. Chen, H. Zhang, and K. F. Yao, “Formation and mechanical properties of Pd-Si binary
bulk metallic glasses,” Adv. Mater. Sci. Eng., vol. 2014, 2014, doi: 10.1155/2014/647197.

[353] N. Nollmann, I. Binkowski, V. Schmidt, H. Rosner, and G. Wilde, “Impact of micro-
alloying on the plasticity of Pd-based bulk metallic glasses,” Scr. Mater., vol. 111, pp.
119-122, 2016, doi: 10.1016/j.scriptamat.2015.08.030.

[354] N. Chen, L. Martin, D. V. Luzguine-Luzgin, and A. Inoue, “Role of alloying additions in
glass formation and properties of bulk metallic glasses,” Materials (Basel)., vol. 3, no. 12,

pp. 5320-5339, 2010, doi: 10.3390/ma3125320.

198



LIST OF CONFERENCES/WORKSHOPS

. ISMANAM-2019: I have presented one part of my work in poster presentation title was

“Critically assessing alloy design criteria of metallic glasses”, at Chennai.

. PMAI-2022: T have presented one part of my work in oral presentation; title was
Preparation and characterization of Fe48Cr15Mo14C15B6Y?2 alloy by Cu-mould casting
and Mechanical alloying technique.

. EMSI Workshop held in 2019 at IIT BHU, Varanasi.

. A3 days’ workshop on Material characterization held at NIT Hamirpur.

200



LIST OF PUBLICATION

1. S. Kumari, R.K. Mandal, Factors influencing the metallic glass formation in alloy

systems, J. Alloys Compd,826(2020),154033.

2. S. Kumari, Aman Kumar Lal Das, R.K. Mandal, Indentation characteristics of

glass/glass-nanocomposites in Fe-based alloys, Materials Letters,370(2024),136836.

3. S.Kumari, R.K. Mandal, Effect of Processing route on phase evolution and Indentation

characteristics of Fe-based alloys (Under writing process).

199



ANNEXURE-I

Table 1: Various Parameters of Fe-based Metallic glasses

Alloy design No. of alloys | Representative alloy e/a range Vg range Rr KF range G1/2 Gy/2
153 1 Fe80P13C7 1.47 0.881 1.6 1.81 1.56
264 2 Fe78Si9B13 1.53-193 0.89-0.97 1.51 1.8-2.3 1.56
269 1 Fe85P16Cul 1.34 0.831 1.51 1.72
445 1 Fe84B13Dy3 1.32 0.33 1.51 1.7 1.56 1.56
578 1 Fe85B10P5 1.3 0.91 1.51 1.73 1.56
654 1 Fe77B18Zr5 1.38 0.432 1.95 1.76
662 1 Fe77B18Ti5 1.51 0.553 1.78 1.82
917 1 Fe72Nb2B14 1.24 0.536 1.74 1.78 1.56
921 1 Fe86B7C7 1.56 0.897 1.6 1.85 1.56 1.53
27 1 Fe75P16B6AI3 1.64 0.59 1.74 1.87
0.896-
33 4 (FeNi)80P14B6 1-1.2 0.898 1.52 1.58-1.7 1.56
34 1 Fe81B13.5Si3.5C2 1.43 0.876 1.6 1.78 1.56 1.53
35 1 Fe79B13Si5Mo3 1.56 0.467 1.66 1.84
96 1 Fe66Mo6B18Zr10 1.71 0.467 1.95 1.83 1.56 1.56
154 9 Fe80P10C7B3 1.4-1.6 0.85-0.89 1.6 1.8-1.9 1.56 1.56
0.31-
201 2 Fe68B23Y5Nb4 1.64-1.72 0.311 2.19 1.84-1.86 1.56 1.56
251 1 Fe50Ni30B13C7 1.17 0.83 1.61 1.7
0.57-
254 2 Fe72B20Si4Nb4 1.68 0.573 1.74 1.91 1.56 1.56
436 5 Fe77.5S19B13Y0.5 1.53-1.6 0.29-0.31 2.19 1.82-1.84 1.79 1.79
263 5 Fe78Si8.75B13P0.25 1.5-1.9 0.88-0.96 1.51 1.82-1.92 1.56
270 5 Fe85P158SilCul 1.35-1.39 | 0.86-0.89 1.2 1.72-1.73 1.56 2.19
0.332-
441 4 Fe84B9Si4Dy3 1.3-1.36 0.337 2.16 1.70-1.71 1.56 1.56
446 10 Fe85Si1.5B9Cu0.5P4 1.30-1.36 | 0.83-0.85 1.55 1.72-1.75 1.56
452 1 Fe83.3Si4Cu0.7B12 1.36 0.831 1.55 1.76 1.56
579 4 Fe84B10P5Nb1 1.34-1.50 | 0.59-0.61 1.74 1.74-1.8 1.56 1.56

1852




584 1 Fe79.4P13C7Cu0.6 147 0.823 1.65 181 153 1.56
585 1 Fe79.4P13C7NbB0.6 1.5 0.586 1.85 1.82 1.56 1.56
[0.87-
926 4 Fe75C05P13C7 1.07-137 0.89] 1.61 1.63-1.77 1.56
655 7 Fe77B18TilZr4 142-148 | 042043 | 195 | 1.77-191 1.56 1.56
688 9 (Fe0.76Dy0B0.24)96Nb4 162,175 | 029-0.56 | 2.16 1.85-1.9 156
918 3 Fe71.5Nb2B14Cu0.5 124-125 | 051052 | 2.16 1.78 1.56 1.56
922 3 Fe85.5B7C7Cu0.5 1.56 0.82-0.83 | 1.65 1.85 1.56 1.56
964 3 (Fe74Nb6B20)99Cr] 135-158 | 058059 | 174 | 1.76-186 1.56
967 1 Fe0.76Si0.096B0.084P0.06 1.57 0.897 1.51 1.85 156
980 4 (Fe72Mo4B24)96Dy4 1.73-1.77 | 030031 | 2.16 | 1.89-1.93 1.53 1.53
94 2 Fe45Ni2IMo6B18Zr10 1.50-1.55 | 046047 | 195 | 1.78-1.84 1.56 1.56
111 4 Fe43Cr16Mol6C15B10 160-1.70 | 065066 | 176 | 1.88-192 1.49 1.56
150 2 Fe52C020B20Si4Nb4 0.96-128 | 0.57-058 | 1.74 1.581.74
196 5 Fe65C03B23Y 5Nb4 1517 | 031032 | 2.19 | 1.79-1.86 1.56
[(Fe0.5C00.5)0.75B0.2Si0.05196
163 1 Zr4 0.82 0.422 1.95 1.48 1.79 1.82
245 1 Fe75Cr5P9B4CT 122 0.867 1.61 171 1.56
0.848-
252 2 Fe50Ni30B13C6B1 1.15-1.16 0.849 1.61 1.69-1.7 1.56 1.53
255 15 Fe72B20Si4Nb3.9Cu0.1 1.66-1.68 | 0.56-057 | 1.74 191 1.56 1.56
258 1 (Fe0.76Si0.09B0. 1P0.05)99Nb1 1.6 0.588 1.74 1.86 1.56 1.56
281 5 (Fe0.9Ni0.1)72B20Si4Nb4 132-1.6 | 053057 | 174 1.76-1.9 1.56
286 1 Fe7IMo5P12C10B2 1.83 0.665 1.76 1.97 1.56
304 6 Fe76.0C7.0Si3.3B5.0P8.7 0.71-1.6 | 0.71-0.90 16 1.53-1.87 1.53
430 2 Fe61Col0Y8Nb1B20 140-1.44 | 031034 | 2.19 1.7-1.76 1.56
[(Fe0.5Ni0.5)0.78B0.21P0.01]97
461 12 Nb3 1.08-1.16 | 0.5-0.59 1.76 1.65-1.7 1.56 1.56
586 1 Fe78.8P13C7Cu0.6Nb0.6 15 0.59 1.76 1.82 1.53
604 1 Fe40Ni35P10C10B5 125 0.845 1.61 1.74
605 1 Fe40C035P10C10B5 0.9 0.839 1.61 1.56
696 7 (Fe0.74Tb0.01B0.2Si0.05)96Nb4 | 1.71-1.85 | 0.30-034 | 2.17 | 1.88-191 1.53 1.53
704 5 (Fe0.9C00.1)63Dy6B22Nb4 1.04-1.58 | 033064 | 2.16 1.56-1.8 1.43 1.46
903 1 Fe61Col0Ti3Y6B20 1.41 0.327 2.19 1.72 1.59
959 1 Fe77Mo3P12C4B4 1.69 0.684 1.76 1.89 1.56
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(Fe0.76S10.096B0.084P0.06)98M
968 02 1.66-1.84 | 0.68-0.69 1.66 1.88-1.94 1.56
7 Fe72A15Ga2P11C6B4 1.62 0.698 1.85 1.85 1.75 1.72
38 Fe61Co7Zr10Mo5SW2B15 1.56-1.65 0.48-0.78 1.95 1.76-1.79 1.56
39 Fe56Co7Ni7Zr8Nb2B20 1.31 0.447 1.95 1.7
102 Fe61Co7Zr10Mo5W2AI15.5 1.57 0.57-0.58 1.29 1.66 1.53 1.05
103 Fe61Co7Zr10Mo5W28Sil5.15 1.73 0.52-0.53 1.39 1.78 1.53 1.05
105 Fe61Co7Zr10Mo5W2P15.15 1.57-1.58 0.36-0.5 1.51 1.78-1.94 1.53 1.05
104 Fe61Co7Zr10Mo5W2C15.15 1.73-3.05 0.47-0.48 2.07 1.83-2.21 1.53 1.05
151 Fe52C020B20Si4Nb4Crl 1.12-1.22 | 0.66-0.59 1.74 1.65-1.71 1.56
157 Fe25C025Ni25(P0.4C0.4B0.2)25 0.82-0.85 0.83-0.85 1.61 1.51-1.53 1.56 1.53
195 Fe48Cr15Mol14C15B6Y2 1.11-1.56 | 0.30-0.31 233 1.63-1.82 1.72
207 (Fe70Mn20Cr10)68Zr7Nb3B22 0.71-1.12 | 0.42-0.46 1.95 1.39-1.65
208 (Fe69Mn26Cr5)68Zr10C3B19 0.64 0.468 1.95 1.32
213 (Fe69Mn26Cr5)68Zr4Ti4B24 0.74 0.442 1.95 1.41
(Fe0.76Si0.09B0.
259 1P0.05)98.75Nb1Cu0.25 1.6 0.58-0.59 1.74 1.86 1.56 1.56
(Fe83.3Si4B8P4Cu0.7)99.75Al0.
276 25 1.7 0.6-0.61 1.74 1.88
287 (Fe0.9Ni0.1)71Mo5P12C10B2 1.68-1.75 0.66-0.67 1.76 1.9-1.93 1.56 1.72
305 Fe75.0C7.0Si3.3B5.0P8.7Gal.0 1.6-1.7 0.67-0.68 1.74 1.88-1.90
428 Fe61Col0Zr5W2Y2B20 1.36 0.316 2.19 1.72 1.53 1.53
434 Fe61Co8Zr3Y3Ni5B15 1.11 0.308 2.19 1.62 1.53
447 Fe85Si1.4B9Cu0.5P4C0.1 13 0.83-0.84 1.65 1.72-1.73 1.56 1.56
606 Fe40Co020Ni15P10C10BS 1.05 0.837 1.65 1.64
891 Fe60Co8Zr10Mo5W2B15 1.54 0.48 1.95 1.75 1.72
960 Fe70Cr7Mo3P12C4B4 1.24 0.685 1.76 1.7 1.56 1.53
(Fe60Mn25Cr5Nil10)68Zr7Nb3B
215 22 0.71 0.46 1.39 1.37 1.79 1.79
244 Fe41Co7Cr15Mo14C15B6Y2 1.42 0.305 1.76 1.77 1.46
247 Fe45Cr20Mol10W2C15B6Y2 1.31-1.34 | 0.30-0.33 233 1.72-1.75 1.56 1.56
425 Fe61Col10Zr2.5Hf2.5Nb2W2B2 1.12 0.234 1.45 1.63
426 Fe61Col0Zr3H2W2Y2B20 1.40-1.41 0.255 2.19 1.71 1.66 1.59
433 Fe61Co8Zr4Y2NiSNb5B15 1.35 0.305 2.19 1.74 1.72
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Fe71.2C7.0S13.3B5.5P8.7Cr2.3Al
633 1 2.0 1.51 0.572 1.74 1.84 1.56 1.46
Fe0.61C00.10Zr0.025Hf0.025Ti0.
904 1 02W0.02B0.20 1.44 0.245 1.95 1.75 1.56
908 1 (Fe41Co7Cr15Mo14Y2C15)94B6 1.34 0.287 2.33 1.77 1.72 1.79
961 3 Fe62Ni8Cr7Mo3P12C4B4 1-1.2 0.68-0.69 1.76 1.61-1.66 1.56 1.53
Table 2: Various Parameters of Cu-based Metallic glasses
Alloy No. Representative alloy e/a range Vr Ry Krrange | Gy/2 Gy/2
design of range
alloys
93 22 Cu54.5Mg9.1Ca36.4 1.45-3.94 0.29- 1.55 1.68-2.06 | 1.23[238]
0.62
175 19 (Cu0.5Zr0.5)98A12 1.28-1.42 0.71- 1.25 1.42-1.76 | 1.39[239]
0.75
181 2 Cud5Zr45Ag10 1.6-1.68 0.75 1.25 1.53-1.56 | 1.39[240] 1.39[240]
738 4 Cu60Zr30Til0 1.42-1.53 0.68- 1.25 1.49-1.53 | 1.72[241]
0.75
31 9 Cu48Ti34Zr10Ni8 1.3-2.0 0.63- 1.28 1.43-1.75 | 1.39[242] 1.39[242]
0.75
857 6 Cu55Ag5Zr30Til0 1.67-2.81 0.69- 1.25 1.59-1.94 | 1.72[243]
0.75
527 1 Cu50Zr45Gd5 1.32 0.54 1.25 1.42 1.46[244] 1.46[244]
204 4 Cu60Zr20Hf20Ti10 2.1-2.68 0.73- 1.25 1.69-1.84 | 1.39[245] 1.39[245]
0.77
300 5 (Cud7.5Zrd47.5A15)99V1 1.34-1.7 0.73- 1.25 1.44-1.57 | 1.39[246]
0.75
518 4 Cud3Zr43A17Ag7 1.42-1.68 0.75- 1.25 1.46-1.55 | 1.35[247]
0.77
519 3 Cud6Zr45A17Gd2 1.4-1.48 0.54- 1.41 1.46-1.47 | 1.33[248] 1.33[248]
0.55
529 23 Cud6Zr45Y2A17 1.32-2 0.5-0.63 | 1.41 1.41-1.5 1.33[249] 1.33[249]
557 11 Cud7.2Zr46.5A15.5Nb0.8 1.3-1.53 0.72- 1.25 1.43-1.52 | 1.33[250]
0.75
739 1 (Cu0.6Zr0.3Ti0.1)95Nb5 1.62 0.68 1.25 1.59 1.39[251]
743 3 Cu50.2Zr40.5Ti8.5Mo00.5 1.47-1.5 0.72- 1.25 1.5-1.52 3.03[252] 3.03[252]
0.73
751 3 Cud7.5Zr47A15C00.5 1.28-1.32 0.75 1.28 1.42-1.44 | 0.62[247]
767 4 (Cud47Zr45A18)99Lu 1 1.4-1.44 0.59-0.6 | 1.41 1.46-1.47 | 1.39[253]
775 4 (Cu47Zr45A18)99Dy1 1.4-1.44 0.55- 1.25 1.46-1.47 | 1.39[253]
0.57
778 1 Cu45Zr48A14Ga3 1.4 0.75 1.25 1.54 1.39[250]
783 1 Cu47.7Zr48A14C00.3 1.31 0.75 1.28 1.43 1.39[250]
784 1 Cud7.5Zr48Al4Cr0.5 1.3 0.75 1.28 1.43 1.39[250]
785 1 Cu47.5Zr48 Al4Fe0.5 1.3 0.75 1.29 1.43 1.39[250]
786 1 Cu47.7Zr48 A14Mo0.3 1.33 0.75 1.25 1.44 1.39[250]
787 1 Cu47.7Zr48A14W0.3 1.33 0.75 1.25 1.44 1.39[250]
947 4 (Cu50Zr43Al17)Gel 1.35-1.5 0.73- 1.29 1.45-1.51 1.36[254]
0.75
994 4 (Cu50Zr43A17)99.5Si0.5 1.36-1.4 0.73 1.39 1.46-1.48 | 1.36
755 1 Cu46.25Zr46.25A15Ag2Co00.5 1.41 0.75 1.28 1.66 1.26[247] 1.19[247]
866 4 Cu47Ti33Zr9Nb2Ni8Sil 2.06-2.27 0.5-0.51 | 1.39 1.92-2 1.39[255]
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873 4 Cu47Ti33Zr11(Ni6Sn2)Sil 2-2.03 0.59- 1.4 1.73-1.76 | 1.43[256] 1.43[256]
0.63
877 1 Cud7(Ti31Sn2)Y 11Ni8Sil 2.12 0.69 1.56 1.73 1.43[256] 1.43[256]
878 1 Cu47(Til6Y15Sn2)Zr11Ni8Sil 1.8 0.52 1.56 1.59 1.43[256] 1.43[256]
651 1 Cu45Zr45AI5Ni5 1.24 0.78 1.25 1.39 1.63[257] 1.56[257]
202 3 Cu56Zr44 1.22-1.25 0.72- 1.25 1.39-1.49 | 1.56[258] 1.56[258]
0.75
Table 3: Various Parameters of Zr-based Metallic glasses
Alloy No. of Representative alloy e/a Vr Rgr Kr Gi/2 G,/2
design alloys range range range
44 2 Zr60Al15Ni25 1.35-1.5 | 0.8-0.82 | 1.28 1.4-1.47 | 1.33[259] | 1.22[259]
587 1 Zr66.7Ni33.3 1 0.82 1.28 1.27 1.33[260]
138 7 Z10.606Cu0.29A10.104 1.35- 0.75- 1.25 1.33- 1.29[261] | 1.29[261]
2.83 0.83 1.79
355 5 Zr54Ai17C029 0.96-1.2 | 0.79- 1.28 1.26- 1.33[262]
0.81 1.35
588 2 Zr65.7Ni33.3Sil 1.02- 0.80- 1.39 1.28- 1.29[263] | 1.22[263]
1.07 0.82 1.31
590 2 Zr65.7Ni33.3Pd1 1.03- 0.81- 1.28 1.29- 1.29[263]
1.13 0.82 1.33
592 2 Zr65.7Ni33.3Lal 1.01- 0.83- 1.51 1.27 1.29[263]
1.04 0.84
230 8 B30Fe16.8Zr53.2 0.85-1.5 | 0.50- 1.95 1.21-
0.81 1.71
1 9 Zr65A17.5Ni10Cul7.5 1.31- 0.8-0.86 | 1.28 1.12- 1.26[264]
1.55 1.46
164 26 Zr48Cu36AI8AgS 1.67-3.4 | 0.75- 1.25 1.11- 1.33[144] | 1.19[144]
0.82 1.94
190 7 Zr48Cu47.9A14Fe0.1 1.17-3.5 | 0.75- 1.29 1.33- 1.33[265]
0.84 1.98
523 4 Zr54Gd2Co28Al16 1.07- 0.57- 1.44 1.3-1.34 | 1.08[266]
1.26 0.61
638 3 (Zr46Cu46A18)99Co1 1.3-1.36 | 0.74- 1.28 1.44- 1.39[267]
0.75 1.45
677 5 Zr54Co28A116Y2 1.07- 0.57- 1.44 1.3-1.36 | 1.26[268] | 1.39[268]
1.22 0.83
191 1 Zr48Cu47.5A14Mo00.5 3.51 0.75 1.25 1.99 1.36[269]
192 2 (Zr55Cu30A110)99Nb1.0 1.41- 0.77- 1.25 1.45- 1.39[270]
1.46 0.78 1.46
352 1 Zr61Ti2Cu25A112 1.6 0.84 1.25 1.47 1.36[271]
358 5 (Zr54A117C029)99Tal 1.06- 0.79-0.8 | 1.28 1.31- 1.33[262]
1.14 1.34
8 5 Zr41.2Ti13.8Cul2.5Ni10Be22.5 1.48- 0.70- 1.42 1.48- 1.36
2.32 0.76 1.76
19 2 Zr52.5Ti5Al10Cul7.9Ni14.6 1.46- 0.79- 1.28 1.46- 1.39[272]
1.52 0.81 1.47
20 1 Zr5TNb5AI10Cul5.4Nil12.6 1.56 0.81 1.28 1.48 1.39[139]
182 3 Zr36.6Ti31.4Nb7Cu5.9Bel9.1 2.86- 0.73- 1.42 1.84- 1.33[273]
2.92 0.78 0.87
347 1 Zr60.14Cu22.31Fe4.85A19.7A¢3 1.48 0.83 1.42 1.44 1.39[274] | 1.39[274]
393 13 Zr69Cul2.5Ni10A17.5Agl 1.44- 0.64- 1.28 1.41- 1.33[275] | 1.33[275]
2.04 0.86 1.63
556 1 Zr62Cul8Nil0.4Al8Fel.6 1.31 0.79 1.29 1.41 1.33[276]
887 4 Zr63Ti2Cul7.5Fel0Al7.5 1.22- 0.82- 1.29 1.35- 1.26[277] | 1.33[277]
1.37 0.83 1.41
939 2 Zr45Nb10Cul13Nil0Be22 1.62- 0.71- 1.42 1.55-1.6 | 1.33[278] | 1.29[278]
1.74 0.73
941 1 Zr48Nb8Cul2Be24Fe8 1.56 0.72 1.42 1.54 1.33[278] | 1.29[278]
985 2 Zr46Cu31.64Ag8.36Al8Be6 1.83- 0.75- 1.42 1.59- 1.33[144] | 1.36[144]
1.87 0.76 1.61
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937 1 Zr37A110Ti12.5Cul1.25Ni9Be20.25 | 1.87 0.706 1.42 1.64 1.22[279]
940 2 Zr45Nb8Cul13Ni4Be22Fe8 1.48- 0.70- 1.42 1.52- 1.33[278] | 1.29[278]
1.58 0.71 1.55
945 1 Zr41Til4Cul2.5Ni10Be22.5C1 1.8 0.71 2.07 1.71 1.39[280] | 1.43[280]
946 1 Zr34Til15CulONil1Be28Y2 1.83 0.48 1.59 1.74 1.39[146] | 1.43[146]
543 4 La5.3Zr51.6Cu7.2Ni20.6Al15.4 1.23- 0.51- 1.51 1.36-1.5 | 2.37[281]
1.72 0.53
Table 4: Various Parameters of Ti-based Metallic glasses
Alloy No. of Representative alloy e/a Vr Rgr Krrange | Gy/2 G,/2
design alloys range range
145 1 Ti50Cu45Ni5 245 0.83 1.17 1.87 1.43[282] | 1.43[282]
146 1 Ti50Cu45Co5 2.4 0.83 1.18 1.86 1.39[283]
147 1 Ti50Cu45Fe5 2.35 0.83 1.17 1.84 1.39[283]
148 1 Ti50Cu45Si5 2.65 0.82 1.26 1.92 1.39[283]
10 1 Ti50Ni20Cu25Sn5 235 0.63 1.3 1.82 1.43[284] | 1.43[284]
12 3 Ti34Zr11Cu47Ni8 2-2.28 0.64- 1.28 1.73-1.8 1.43[285] | 1.46[285]
0.65
87 4 Ti41Zr25Be32Ag2 2.76- 0.69- 1.42 1.89-1.92 | 1.36[286]
2.98 0.71
91 1 Ti41Zr25 Be28Fe6 245 0.69 1.42 1.82 1.33[287]
366 11 Ti41Zr25Be32Ni2 2.5- 0.67- 1.42 1.83-1.9 1.36[288]
2.76 0.69
407 9 Ti41Zr25Be32Cu2 2.61- 0.56- 1.42 1.86-1.98 | 1.36[289]
2.78 0.69
506 3 (Ti0.4Zr0.1Cu0.34Pd0.14)100 2.85- 0.66- 1.28 1.95-1.96 | 1.43[140] | 1.43[140]
3.0 0.67
562 1 Ti50Ni15Cu32Sn3 2.45 0.62 1.28 1.86 1.43[290] | 1.43[290]
566 1 Ti41Zr25Be29Al5 2.74 0.7 1.42 1.88 1.33[291]
988 1 Ti61.66Zr26.55Nb10.07Cul.72 3.38 0.81 1.25 1.91
9 10 Ti40Zr25Ni8Cu9Bel8 2.3- 0.66- 1.42 1.77-1.86 | 1.33[292] | 1.33[292]
2.76 0.72
11 1 Ti52Cu23NilIMo7Fe7 2.6 0.64 1.18 1.9 1.43[293]
92 9 (Ti41Zr25Be28Fe6)93Cu? 2.16- 0.65- 1.42 1.76-1.81 | 1.36[294]
2.42 0.68
406 4 Ti43.15Z19.59Cu36.24Ni9.06Sn1.96 2.28- 0.63- 1.39 1.79-1.81 | 1.43[295] | 1.43[295]
2.3 0.65
423 1 Ti20Zr20Hf20Be20Ni20 23 0.71 1.42 1.76 1.36[296]
493 5 Ti29.44Cu46.72Ni7.88Zr7.6Hf8 .4 2.1- 0.65- 1.28 1.76-1.95 | 1.43[297] | 1.43[297]
2.19 0.66
354 8 Til6.7Zr16.7Hf16.7Cul6.7Ni16.7Be16.7 2.08- 0.67- 1.42 1.73-1.8 1.59[296]
2.47 0.71
499 3 (Ti0.425Cu0.425Ni0.075Zr0.075)99.5Si0.5 | 2.24- 0.64- 1.39 1.8-1.81 1.46[285] | 1.46[285]
2.27 0.65
507 5 (Ti0.4Zr0.1Cu0.34Pd0.14)98Co2 2.53- 0.64- 1.28 1.87-1.94 | 1.43[298] | 1.43[298]
2.85 0.66
515 3 (Ti40Zr10Cu38Pd12)98Nb2 2.9- 0.67 1.28 1.94 1.43
2.93
559 3 Ti40Zr10Cu34Pd14Sn2 2.97- 0.67- 1.26 1.92-1.94 | 1.43[299] | 1.33[299]
3.0 0.68
567 5 (Ti41Zr25Be29A15)98Cu2 2.42- 0.67- 1.42 1.81-1.87 | 1.33[291] | 1.39[291]
2.71 0.69
577 1 Ti38.8Zr28.8Cu6.2Be16.2Nb10 2.87 0.74 1.42 1.87
650 1 Ti47.5Zr33Cu5.8Co3Bel2.5 2.67 0.78 1.42 1.79
721 3 Ti41Cu36Zr10Pd12Nil 2.75- 0.67 1.25 1.9-1.93 1.39[140]
2.87
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724 4 Ti41Cu36Zr10Pd12Pt1 3 0.67 1.25 1.9-1.96 1.39[140] | 1.49[140]
989 4 Ti60.06Zr26.15Nb10.62Cul.88Sn1.29 3.34- 0.79 1.26 1.9-1.91
3.37
564 1 Ti45Ni15Cu25Sn3Be7Zr5 2.32 0.62 1.43 1.82 1.43[292] | 1.46[292]
573 2 (Ti32.8Zr30.2Cu9Ni5.3B¢22.7)0.95Nb5 2.44- 0.71 1.42 1.85-1.89 | 1.29[300] | 1.29[300]
2.57
575 2 (Ti32.8Z130.2Cu9Fe5.3B¢22.7)0.95Nb5 2.34 0.71 1.42 1.77 1.29[300] | 1.29[300]
488 1 Ti41.5Zr2.5Hf5Cu42.5Ni7.5Sil 2.36 0.64 1.42 1.84 1.43[301] | 1.43[301]
746 1 Ti45Zr25Nb6Sn2Cu5Bel7 3 0.71 1.43 1.89 1.86[302] | 1.31[302]
747 1 Ti45Zr25Nb6Sn2Ni5Bel7 2.85 0.71 1.43 1.87 1.86[302] | 1.31[302]
748 1 Ti45Zr25Nb6Sn2Co5Bel7 2.8 0.71 1.43 1.86 1.86[302] | 1.31[302]
749 1 Ti45Zr25Nb6Sn2Fe5Bel7 275 0.71 1.43 1.85 1.86[302] | 1.31[302]
346 1 Ti47Cu38Zr7.5Fe2.5Sn2Sil Ag2 2.51 0.65 1.26 1.84 1.39[303]
348 4 Ti46Cu40Zr7.5Fe2.5Sn2Si1Scl 2.38- 0.64- 1.4 1.82 1.39[304]
2.41 0.65
489 4 Ti41.5Zr2.5Hf5Cu41.5Ni7.5Si1Snl 2.37- 0.61- 1.4 1.82-1.94 | 1.43[305]
243 0.66
Table 5: Various Parameters of La-based Metallic glasses
Alloy No. of Representative alloy e/a Vr Rg K range G,/2 Gy/2
design alloys range range
46 3 La55AI125Ni20 1.95-2.4 | 0.58 1.51 | 1.49-1.52 1.12[306]
713 2 La55A125Cu20 2.52-2.6 | 0.72- 1.47 | 1.52-1.55
0.76
47 4 La55AI125Ni10Cul0 2.45- 0.72- 1.51 | 1.49-1.55
2.55 0.78
166 1 (La0.5Ce0.5)65A110C025 2.06 0.75 1.5 1.42 1.12[307]
167 1 (La0.5Ce0.5)65A110Cu25 2.56 0.75 1.47 | 1.53 1.12[307]
541 3 La27.5Zr27.5Ni20A125 1.55- 0.55- 1.51 | 1.46-1.56 1.23[281]
2.45 0.61
542 3 La27.5Zr27.5Cu25A120 1.83-2.1 | 0.52- 1.47 | 1.52-1.54 1.23[281]
0.72
813 7 La62Al114Cu20Ag4 2.61- 0.75- 1.47 | 1.52-1.58 1.12[308]
2.88 0.83
165 1 (La0.5Ce0.5)65A110(C00.6Cu0.4)25 2.72 0.6 1.5 1.56 1.12[307]
537 8 La27.5Zr27.5Cul5Nil5Al15 1.63-2.3 | 0.59- 1.51 | 1.4-1.54 1.23[281]
0.69
714 1 La55AI125Ni5Cul0Co5 2.45 0.72 1.5 1.53 1.12[309]
830 1 La32Ce32A116Ni5Cul5 2.61 0.74 1.5 1.54
814 10 La62Al114(Cu5/6Agl/6)20(Nil/2Col/2)4 | 2.37- 0.74- 1.51 | 1.46-1.53 1.12[309]
2.61 0.79
831 5 La32Ce32A116Ni5Cul2Co3 2.37- 0.74 1.51 | 1.49-1.53 1.19[310]
2.55
238 8 La62Al114Cu22Co2 2.04- 0.75 1.5 1.41-1.5 1.09[311]
2.44
Table 6: Various Parameters of Mg-based Metallic glasses
Alloy No. of Representative alloy e/a Vr Rr Kr range Gi/2 G,/2
design alloys range range
22 1 Mg70Ni20Y 10 1.7 0.66 1.44 1.45
78 2 Mg61Cu28Gd11 1.83- 0.64 1.41 1.5-1.51 1.23[137] | 1.39[137]
1.85
484 2 Mg60Cu30Y10 1.8-2.12 | 0.63- 1.41 1.5-1.57 1.26[312]
0.64
3 1 Mg65Cu25Y5Gd5 1.85 0.64 1.41 1.5 1.23[313]
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5 3 Mg65CulSY10Ag10 2.07- 0.48- 1.41 1.55-1.69 1.26
2.76 0.68
663 Mg65Cu25Tb10 2 0.66 1.39 1.55 1.26[314]
72 Mg50A122.5Ga22.5Cas 2.57 0.48 1.42 1.69
79 5 (Mg61Cu28Gd11)98Cd2 1.84-2 0.63- 1.41 1.51-1.55 1.33[137] | 1.39[137]
0.64
81 3 Mg62Zn3Cu25Gd10 1.81- 0.63- 1.41 1.49-1.57 1.26[315] | 1.26[315]
2.05 0.65
84 3 Mg56Li9Cu25Y10 1.66- 0.63- 141 1.46-1.48 1.26[316] | 1.39[316]
1.76 0.64
330 2 Mg65Cu20Ag5Gd10 2.07-2.3 | 0.65- 1.41 1.55-1.6 1.26[312]
0.66
485 3 Mg60Cu29Y10Sil 1.83 0.63 1.56 1.51-1.52 1.33[317] | 1.33[317]
664 4 Mg65Cu22.5Ag2.5Tb10 2.01- 0.67- 1.39 1.54-1.62 1.26[318]
2.35 0.68
668 Mg63Be2Cu25Tb10 2 0.65 1.58 1.55
669 Mg65Cu20Zn5Tb10 2.07 0.67 1.39 1.56
836 3 (Mg65Cu25Gd10)99Cal 1.85 0.49- 1.55 1.48-1.5 1.26[319]
0.51
839 4 (Mg65Cu25Gd10)99Y1 1.86- 0.65- 1.41 1.5-1.53 1.23[319]
2.04 0.67
843 2 (Mg65Cu25Gd10)99Co1 1.76- 0.64- 1.44 1.48-1.49 1.26[319]
1.82 0.65
845 6 (Mg65Cu25Gd10)99Bel 1.85 0.62- 1.59 1.51-1.52 1.26[319]
0.64
71 Mg70Al11GallCa5Ni3 222 0.51 1.58 1.57
332 Mg65Cu7.5Ni7.5Ag5Zn5Gd10 2.02 0.66 1.44 1.54
333 Mg65Cu7.5Ni7.5Ag5Zn5Gd5Y5 | 2.02 0.66 1.44 1.54 1.31[312]
Table 7: Various Parameters of Co-based Metallic glasses
Alloy No. of | Representative alloy e/a Vkr Rg Ky G2 G,2
design | alloys range | range range
295 5 Co64Nb8B28 1.88- | 0.54- 1.74 | 2-2.05 | 1.56[320]
1.96 0.56
892 4 Co62B30Ta8 1.92- | 0.51- 1.74 | 2.02- 1.56[321]
2.07 0.55 2.12
900 3 Co73Mo7P14B6 1.36- | 0.71- 1.66 1.74- 1.56[322]
1.56 0.72 1.81
308 15 Co46Fe20B22Si6Nb6 0.77- | 0.56- 1.74 1.17- 1.56[323] 1.59[323]
1.74 0.57 1.93
896 4 Co41Fe28Mo4Y5B22 0.87- | 0.31- | 2.19 1.5 1.56[324]
0.9 0.32
313 5 (Co00.6Fe0.3Ni0.1)67B22Si6Nb5 1.13- | 0.56- 1.74 | 1.67- 1.56[325]
1.15 0.59 1.7
336 5 [(C00.7Fe0.3)0.68B0.219Si0.051Nb0.05]99.9Cu0.1 | 1.17 0.57 1.74 | 1.33- 1.56[326]
1.69
169 1 [(Fe0.5C00.5)0.75B0.2Si0.05]96Nb4 0.61 0.58 1.74 | 1.36 1.98[327] 1.98[327]
216 2 Co43Fe5Cr15Mo14C15B6Er2 141- | 0.26- | 2.44 1.75- 1.53[328]
1.45 0.27 1.79
978 1 Co50Cr15Mo14C15B6 1.52 0.68 1.76 1.83 1.53[329] 1.56[329]
172 1 Co48Cr15Mo14C15B6Er2 1.56 0.27 244 | 1.81 1.53[329] 1.56[329]
217 2 Co41Fe20Ni2Ta2.75Nb2.75B26.5Si5 0.98- | 0.52- 1.74 | 1.62- 1.56[330] 1.59[330]
1.28 0.55 1.79
219 1 Co43.5Fe20Ta5.5B31.5 1.25 0.53 1.74 1.77
380 1 (C00.535Fe0.1Ta0.055B0.31)98Mo2 1.63 0.54 1.74 | 1.93
987 2 [(Co0.535Fe0.1Ta0.055B0.31)0.98Mo00.02]99Si1 1.65- | 0.54 1.74 | 1.94
1.67
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Table 8: Various Parameters of Al-based Metallic glasses

Alloy No. of Representative alloy e/a Vi Ry Kr range Gi/2 Gy/2
design alloys range range
23 1 AlI85Y10Fe5 275 0.54 1.45 1.82 1.4[331]
24 2 AlBTY8NiS 2.85 0.53 1.44 1.85 1.39[332] | 1.39[332]
25 1 Al70Fe20Zr10 1.65 0.69 1.29 1.59
29 3 AIB5Nil0Zr5 2.34- 0.68-0.7 | 1.28 1.79-1.84
2.64
55 1 Al76Cul9Zr5 2.54 0.69 1.25 1.84
64 6 Al76.9Mg15.4Pd7.69 3.07- 0.73- 1.16 1.9-2
341 0.75
139 1 Al88Ca7Ni5 2.78 0.42 1.58 1.82 1.33[333] | 1.39[333]
616 1 AlB6Ni9Las 2.73 0.59 1.51 1.68 1.33[334] | 1.39[334]
621 12 AlI82Ni7Gd11 2.67- 0.51- 1.44 1.82-1.86 1.65[335]
2.85 0.54
56 5 Al74.5Cul5Ni5Zr5.5 2.37- 0.67- 1.28 1.81-1.82
2.46 0.68
63 1 Al82Nil1Zr5Co2 2.51 0.69 1.28 1.82
70 1 Al75Mg9.5Pd12.5Ca3 3.25 0.41 1.43 1.93
73 4 Al35Mg35Ga25Ca5 2.6-2.74 | 0.45- 1.42 1.71-1.75
0.47
140 1 AlI88Ca6bNi5Nal 2.77 0.41 1.58 1.81 1.39[333] | 1.33[333]
141 1 Al88Ca6bNi5Eul 2.79 0.32 1.59 1.81 1.39[333] | 1.33[333]
142 1 AlI88Ca6Ni5Srl 2.77 0.48 1.73 1.85 1.39[333] | 1.33[333]
185 1 Al84Nil10Ce6 2.71 0.46 1.49 1.83 1.26[336] | 1.33[336]
186 1 Al84Nil0(Ce3La3) 2.71 0.48 1.51 1.84 1.33[336]
617 1 Al86Ni9(La0.5Ce0.5)5 2.73 0.61 1.44 1.67 1.33[337]
187 1 AlB4Nil0Ce3Gd3 2.71 0.48 1.48 1.84 1.33[338]
188 1 AlB4Nil0Ce3Nd3 2.71 0.47 1.47 1.85 1.33[338]
189 1 Al84Nil0Ce3Pr3 2.7 0.57 1.48 1.7 1.33[338]
620 1 (AI87Y8Ni5)85B15 2.87 0.47 2.19 1.94 1.33[335] | 1.33[335]
77 1 [Al40Mg40Gal5Ca5]99Nil 2.6 0.46 1.58 1.71
618 1 AlB6(Ni0.5C00.5)9(La0.5Ce0.5)5 | 2.82 0.6 1.51 1.69 1.39[337]
Table 9: Various Parameters of Ni-based Metallic glasses
Alloy No. of Representative alloy e/a Vrrange | Ry Ky range Gy/2 G,/2
design alloys range
13 1 Ni59.5Nb33.6Sn6.9 241 0.57 1.3 1.9 1.72[339]
14 1 Ni60Nb30Tal0 2.6 0.79 1.15 1.98 1.56[340]
97 4 Ni62.0Nb35.0B3 2.46-2.61 | 0.76-0.78 | 1.74 1.97-2 1.49[341]
221 7 Al20La35Ni45 1.5-1.95 0.53-0.61 | 1.51 1.38-1.49
28 1 Ni75Nb5P16B4 1.6 0.62 1.74 1.83
37 4 Ni70Mo5Nb5P14B6 1.17-1.85 | 0.42-0.63 | 1.74 1.67-1.92 1.46[342]
481 3 Ni66Fel0P14B6Ta4 0.2-1.26 0.61 1.74 1.16-9.21 1.53[343]
36 6 Ni65Cr5Mo5Nb5P16B4 0.73-1.6 0.59-0.63 | 1.74 1.41-1.82 1.46[342]
341 1 Ni53Nb20Zr8Ti10Co6Cu3 2.02 0.6 1.28 1.79 1.41[344]
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17 1 NiSIW31.6B17.4 2.93 0.71 1.7 2.19 1.46[345] | 1.43[345]
205 1 Ni46Cu5W31.6B17.4 293 0.71 1.7 2.18 1.46[345] | 1.43[345]
52 2 Ni59Zr20Ti16Si2Sn3 1.68-1.87 | 0.59-0.62 | 1.4 1.64-1.72 1.46[143] | 1.49[143]
180 1 Ni59Zr15Ti13Si3Sn2Nb7AlIl | 1.88 0.6 1.4 1.73 1.46[346]
938 1 Ni52.5Nb10Zr15Til5Pt7.5 2.3 0.62 1.25 1.84 1.43[347]

Table 10: Various Parameters of Pd-based Metallic glasses

Alloy No. of Representative alloy e/arange | Vrrange | Rgp Kr range Gy/2 G,/2
design alloys

40 8 Pd78Cu6Sil6 5.07-6 0.91-0.92 | 1.19 1.85-2.53 1.43[348] | 1.39[348]

41 3 Pd48Ni32P20 3-4.35 0.79 1.29 2.16-2.41 1.43[349] | 1.39[349]

42 1 Pd73Fe7Si20 5.04 0.89 1.19 2.46

4 3 Pd40Cu30Ni10P20 3.45 0.81 1.29 2.24-2.45 1.46[350]

161 1 Pd20Pt20Cu20Ni20P20 3 0.8 1.23 2.13 1.46[351]

975 2 Pd81Sil9 5.6-5.62 0.92 1.19 2.53 1.43[352]

583 1 (Pd40Ni40P20)99Co1 2.96 0.79 1.29 2.15 1.43[353]

925 1 (Pd40Ni40P20)99.4Fe0.6 | 2.98 0.78 1.29 2.16 1.43[353]

289 1 Pd40Ni10Cu30Si5P15 3.35 0.81 1.29 223 1.49[354]

972 4 Pd40Ni40Si2P18 3.02-3.06 | 0.79 1.29 2.16-2.17 1.49[354]

760 1 Pd79Aul.5Ag3Si16.5 5.7 0.81 1.25 2.53 1.43[354]

203 2 Pd79Ag5Sil6 5.64-5.65 | 0.81-0.94 | 1.25 2.52 1.43[354]

54 1 Pd80Au3.5Si16.5 5.62 0.93 1.19 2.52 1.43[354]

Table 11: System stabilized by Fermi surface-Brillouin zone interaction with Kr = G1/2

Alloy No. of Representative alloy e/a Krrange | Gi/2
design alloys range
31 9 Cu48Ti34Zr10Ni8 1.3-2.0 | 1.43-1.75 1.39[55]
33 4 (Fe Ni1)80P14B6 1-1.2 1.58-1.7 1.56[7]
175 19 (Cu0.5Zr0.5)98A12 1.28- 1.42-1.76 1.39[52]
1.42
192 2 (Zr55Cu30A110)99Nb1.0 1.41- 1.45-1.46 1.39[84]
1.46
195 2 Fe48Cr15Mo14C15B6Y2 1.11- 1.63-1.82 1.72[39]
1.56
300 5 (Cu47.5Zr47.5A15)99V1 1.34-1.7 | 1.44-1.57 1.39[59]
347 1 71r60.14Cu22.31Fe4.85A19.7Ag3 | 1.48 1.44 1.39[89]
358 5 (Zr54A117C029)99Tal 1.06- 1.31-1.34 1.33[75]
1.14
426 2 Fe61Co10Zr3Hf2W2Y2B20 1.40- 1.71 1.66[42]
1.41
433 1 Fe61Co8Zr4Y2NiSNb5B15 1.35 1.74 1.72[29]
436 5 Fe77.5S19B13Y0.5 1.53-1.6 | 1.82-1.84 1.79[13]
527 1 Cu50Zr45Gds 1.32 1.42 1.46[57]
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588 2 Zr65.7Ni33.3Sil 1.02- 1.28-131 | 1.29[76]
1.07

590 2 Zr65.7Ni33.3Pd1 1.03- 1.29-133 | 1.29[76]
1.13

592 2 Zr65.7Ni33.3Lal 1.01- 1.27 1.29[76]
1.04

638 3 (Zr46Cud6A18)99Co1 13-136 | 1.44-1.45 | 1.39[81]

677 5 Zr54C028A116Y2 1.07- 13-136 | 1.26[82]
1.22

767 4 (Cud7Zr45A18)99Lu 1 1.4-1.44 | 1.46-1.47 | 1.39[66]

775 4 (Cud7Zr45A18)99Dy 1 1.4-1.44 | 1.46-1.47 | 1.39[66]

783 1 Cud7.7Zr48A14C00.3 131 1.43 1.39[63]

784 1 Cud7.5Zr48AI4Cr0.5 13 1.43 1.39[63]

785 1 Cud7.5Zr48Al4Fe0.5 13 1.43 1.39[63]

786 1 Cu47.7Zr48A14Mo0.3 1.33 1.44 1.39[63]

787 1 Cud7.7Zr48AI4W0.3 133 1.44 1.39[63]

891 1 Fe60Co8Zr10MoSW2B15 1.54 1.75 1.72[44]

908 1 (Fe41Co7Cr15Mo14Y2C15)94B6 | 1.34 1.77 1.72[50]

961 3 Fe62Ni8Cr7Mo3P12C4B4 1-1.2 1.61-1.66 | 1.56[34]

994 4 (Cu50Zr43A17)99.58i0.5 136-1.4 | 1.46-1.48 | 1.36
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