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1. Introduction: Change of T, depending on composition
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I T, and T, Change Depending on Zr Content in Zr-Cu Binary System
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Decrease of T, depending on Zr content

“Develop novel Zr-rich Zr-TM glassy alloy system for low T,”

ESPark Research Group



Retention of Liquid Phase

Phase diagram of Ni-Zr binary system
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Near eutectic composition, liquid phase keeps stable even at low temperature — “Large GFA ”
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I Thermodynamic and Structural Point
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A. Takeuchi et al., Materials Transactions, 46, 12, 2005, 2817-2829

Atomicradius [A]  Atomic radius difference [%] AH, ;. [k]/mol]
Zr 1.62 — —
Cu 1.28 21.0 -23
Ni 1.25 22.8 -49
Co 1.25 22.8 -41

Consider atomic radius difference(Ar/r,) and heat of mixing(AH,;) relation by empirical rules about GFA,
Ni, Co — Large Ar/r, (~22.8%) and negative AH_;, (over -40k¥mol)
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I Characteristic Temperature Plot in Phase Diagram

Phase diagram of Cu-Zr binary system
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Phase diagram of Ni-Zr binary system
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Linear correlation of T, depending on its composition
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I Characteristic Temperature of Zr-TM (=Cu, Ni, Co) Binary Metallic Glass (£
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2. Other property changes depending on its compaosition
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I “Atomic packing density and its influence...”

(on

Plastic strain (%)

ELSEVIER

Available online at www.sclencedirect.com
ScienceDirect

Scripta Matenalia 57 (2007) 805808

% SCripta MATERIALIA

www.elsevier.com/locate/scriptamat

Atomic packing density and its influence on the properties
of Cu—Zr amorphous alloys

Kyoung-Won Park.® Jae-il Jang,” Masato Wakeda.® Yoji Shibutani® and Jae-Chul Lee**

Investigate relationship between structural properties of MG and its properties
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1. Using 14 ribbon samples (50um thickness X 2mm width) with composition range from Cu,Zr5, to Cu,yZrs,,

Nanoindentation test = Hardness (converted to the yield strength, g, (MPa)=274H (GPa)), Young's modulus

2. Using 9 rod samples (¢ 1mm X 30mm height) with different composition ranging from Cu,gZrs, to Cu,yZr5,,

Room-temp. compression test — Stress-strain curve, Yield strength, Plastic strain,

Yield strength (GPa)
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I “Atomic packing density and its influence...”
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K.W. Park et al., Scripta Materialia, 57, 2007, 805-808
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DSC measurement — crystallization temperature, T, (cf. T;)

In this study, focus on composition of the highest T,

Cu content (at.%) in Cu,Zrg.,

Any correlation of T, or T, with other properties?

Yield strength (GPa)
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I “Atomic packing density and its influence...”
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Atomic packing density (%

1. Not precise method, using just simple experimental method
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K.W. Park et al., Scripta Materialia, 57, 2007, 805-808

General structural properties: atomic packing density, volume change
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— Atomic packing density measured, mixture of @4 and 5mm steel balls

(relative size 1.250, similar with 1.254, atomic radius ratio of Cu and Zr)

2. Free volume evaluated based on MD simulations (using simple potential

database, the Lennard-Jones potential)

Volume, V

Cu content (at.%) in Cu,Zr; g0«

Liquid

Undercooled
Liquid

Glass

Crystal

Ty = fictive temperature

T T,=T, je
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I “Atomic packing density and its influence...”

K.W. Park et al., Scripta Materialia, 57, 2007, 805-808

Detail structural properties: SRO structure (3-D simulation, 2-D simulation)
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1. 3-D Voronoi polyhedral fraction = Dominant SRO structure, (0, 0, 12, 0) Icosahedron
2. For simple analysis, using 2-D Voronoi polygon fraction — Dominant SRO structure, Pentagon

(fivefold symmetry exhibiting the densest packing with the highest shear resistance)
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3. Correlation between elastic moduli and Tg
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I Correlation between elastic modulus and T,

W.H. Wang, Journal of Non-Crystalline Solids, 351, 2005, 1481-1485
W.H. Wang, Journal of Applied Physics, 99, 2006, 093506
W.H. Wang, Progress in Materials Science, 57, 2012, 487-656
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I “Atomic packing density and its influence...”
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Investigate relationship between structural properties of MG and its properties
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I “Properties inheritance in metallic glasses”

JOURNAL OF APPLIED PHY SICS 111, 123519 (2012)
Properties inheritance in metallic glasses

Wei Hua Wang (iT T 4)®
Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China

W.H. Wang, Progress in Materials Science, 57, 2012, 487-656
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I “Propertiesinheritance in metallic glasses”

W.H. Wang, Journal of Applied physics, 111, 2012, 123519

Ez e El

weak spring: solvent- B
solvent bonding E,

<:::> Metallic glass Solvent metal

stiff spring: solute-
solvent bonded cluster

Metallic glass =

GMG = GSG!

2o

HEeLGLRVQOHPORD
< 0000000000000

n
=

FRTRDGVB VOB
SReGeo0Reson®
0920060000589
DARPOESEDCBERe
S002000PP999Ee
— 0080000000000

O@OEFSORDECOOS

A 4

Simple model of MG with a stiff spring (solute-solvent bonding) and less stiff spring (solvent-solvent bonding)
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“Blastic moduli inheritance and the weakest link in bulk metallic glasses” {§

week ending

PRL 108, 085501 (2012) PHYSICAL REVIEW LETTERS 24 FEBRUARY 2012

Elastic Moduli Inheritance and the Weakest Link in Bulk Metallic Glasses

D. Ma,! A.D. Stoica,! X.-L. Wang."? Z.P. Lu.? B. Clausen,” and D.W. Brown®

TABLE 1. Experimental Young's modulus (E) and shear modulus () for BMGs and their solvent elements (Sol). Also listed are the
ratios of BMG to solvent in terms of £ and G, respectively. Data for solvents were taken from [6].

BMGs Sol E (GPa) (5 (GPa) Ref.

BMG Sol Ratio BMG Sol Ratio “Conventionally, the elasticity of a glass is
ZrsCuyCoygAlyg Zr 101.7 98.0 1.04 37.6 350 1.07 [1] viewed as what takes place in an isotropic
Zrg 2Tii3sNipCup sBeaa s Zr 912 98.0 099 35.9 35.0 1.03 [1]1  solid, i.e., elastic bond stretching and uniform
Z1 5 NbyCu o Feg Beo, Zr 95.7 98.0 0.98 352 35.0 1.01 7] straining at all scales.”
ZrgNbyCuy Nijs Beyg 7r 939 98.0 096 34.3 35.0 0.98 (71
ZrCugAlg Zr 937 98.0 0.96 343 35.0 0.98 [8]
Zrg ¢ Tis 1 CiygoNipy 1 Alygs Zr 927 98.0 095 34.0 35.0 0.97 (71
ZrgCusy Zr 85.0 98.0 087 31.3 35.0 0.89 [8]
Zr4s TisCuyg NijpAlyg 7r 85.0 98.0 087 31.0 35.0 0.89 18]
Zrsy sNbsCuy5 sNijpAlLg - 847 ggg {)::)2 zﬂ'g :58 ggx [7] " “In this letter, we set out to investigate the
Erg Y Al4Coy Er 71.1 70. 1.02 27. 28. .96 B .. - -
Hl-}‘l ;Iy E‘Uh;[‘,’” Zes Ho 93 5.0 107 262 260 101 :g: elasticity ... zidopt the moduli of their solvent
HosAlsCox Y16 Ho 69.1 65.0 1.06 26.2 26.0 1.01 [9) €Somponents
Dyas Y 10Al24Coyg Fea Dy 642 61.0 1.05 24.4 25.0 (.98 [10]
MegsClss Gd, g Mg 49.1 44.7 1.10 18.6 17.3 1.08 (1]
Lags CuygNisCos Alys La 41.9 17.9 111 15.6 14.9 1.05 (81
Lag, CuyoNigg Al La 357 17.9 0.94 134 14.9 0.90 (81
Lag, Cuyy 5 Agy s NisCosAl La 35.0 37.9 092 13.0 14,9 0.87 (1] e .
P::,‘,Nilfljgl I:(‘_.UM 14 B 379 310 101 136 150 091 (10 ‘Since the e-lastlc modulus. reflects the
CegCuagNby Al Ce 31.0 115 093 12.0 13.5 .80 (12) inherent stiffness of atomic bonds, Table 1
CeggCusgbes Al Ce 30.8 135 092 11.8 13.5 0.87 [8] suggests that solvent-solvent bonds are
CeqgCuypNijgAlyg Ce 303 335 0.90 11.5 13.5 (.85 [10] essentially responsible for the elasticity of
Feg Mo CryMogEr Cys Bg Fe 193 2114 091 75 81.6 092 [13] BMGs”
Fes;CrisMoyEn CysBg Fe 195 2114 002 75 81.6 0.92 [13]
Au,,.}__qAg_q__ql-’dl_;(_'um.;Sim 3 Au 744 78.5 095 26.5 26 1.02 I 14'
ALISSCIJ\_q Si]n Au 69.8 78.5 (.89 24.6 26 (.95 I ].4'
Mean 097 0.96
Standard Deviation 007 0.07
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I “Blastic moduli inheritance and the weakest link in bulk metallic glasses

D. Ma, et al., Physical Review Letters, 108, 2012, 085501

To explore evidence of the structural origin from solvent component, in-situ neutron diffraction study of @6mm Zr-based
BMG (Zrg, 5Cu,; gNiy4 gAl;oTis) under compressive stress (10M Pa, 500M Pa, 1000M Pa, 1500M Pa)
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Strain-sensitive region — Junction among the solute-centered clusters and/or the superclusters by excess solvent atoms
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I Conclusion

N. Mattern et al., Journal of non-crystalline solids, 354, 2008, 1054-1060
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