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Recent BMGs with critical size ≥ 10 mm

Zr47Ti8Cu8Ni10Be27             Johnson (Caltech)
Vitreloy

Pd60Cu30Ni10P20 Inoue (Tohoku Univ.)

Fe48Cr15Mo14Y2C15B6 Poon (Virginia Univ.)
Amorphous steelp

Ca65Mg15Zn20 15mm Kim (Yonsei Univ.)
Ca60Mg25Ni20 13mm
Mg65Cu20Ag5Gd10 11mmMg65Cu20Ag5Gd10 11mm
Mg65Cu7.5Ni7.5Zn5Ag5Gd5Y5 14mm

A.L. Greer, E. Ma, MRS Bulletin, 2007; 32: 612.



Alloy design and new BMG development 

Ca-Mg-Zn alloy system

 Dense packed structure
Heat of mixing

 Decrease of melting temp.

Ca
19.7 nm

-72

Heat of mixing
[kJ/mol]

T = below 623 K-72-20

Mg Zn

Te  below 623 K

-1316.0 nm 13.8 nm

Tm
Ca = 1112 K

Deep eutectic condition
Te/ Tm

Ca = 0.560
- Large difference in atomic size
- Large negative heat of mixing



Ca-Mg-Zn alloy system
Mg

15 mm in diameter sample
Ca65Mg15Zn20

g y y

70

using Cu mold casting method using Cu mold casting method 
in air atmosphere

(self-fluxing effect by Ca)

80

90

Ca
10 3020 40 Zn

Maximum diameter for glass formation in CaMaximum diameter for glass formation in Ca--rich Carich Ca--MgMg--Zn alloy systemZn alloy system

over 10mm over 7mm over 3mm over 1mm below 1mm

* J. Mater. Res. 19, 685 (2004)
* Mater. Sci. Forum 475-479, 3415 (2005)



Measurement and calculation of Rc in Ca65Mg15Zn20 alloy system
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⇒Critical cooling rate for glass formation calculated from CCT and CHT curves

(a) bottom position : 149 K/s(a) bottom position : 149 K/s (b) middle position : 93 K/s(b) middle position : 93 K/s (c) top position : (c) top position : 20 K/s

* Trans. Indian Inst. Met. 58, 739 (2005)
* Met. Mater. –Int. 11, 1 (2005)

is in good agreement with measured value.



Development of Mg-based BMGs

Injection casting

MM NiNi NdNd

MgMg--CuCu--Y Y 
(ID(IDmaxmax= 4, 1990)= 4, 1990)

MgMg--CuCu--GdGd
(D(Dmaxmax= 8, 2003)= 8, 2003)

MM NiNi GdGd

[Mg-Cu based] MgMg--CuCu--LnLn
(Id(Idmax= 5, 2005)= 5, 2005)

[M Ni b d]

Injection casting Squeeze casting

MgMg--NiNi--NdNd
(ID(IDmaxmax= 3.5, 1992)= 3.5, 1992)

MgMg--NiNi--GdGd
(ID(IDmaxmax= 4, 2005)= 4, 2005)

MgMg--NiNi--YY[Mg-Ni based]

[Mg-Zn based] MgMg--ZnZn--CaCa

MgMg--CuCu--YY MgMg--CuCu--YY--GdGd MgMg--CuCu--GdGd

[ g ] gg
(ID(IDmaxmax= 4, 2005)= 4, 2005)

MgMg CuCu YY
(ID(IDmaxmax= 4)= 4)

MgMg CuCu YY GdGd
(D(Dmaxmax= 6)= 6)

MgMg--CuCu--XX--GdGd
(x =(x = AgAg Ni)Ni)

MgMg--CuCu--AgAg--YY--GdGd
(D(D = 9 2004)= 9 2004)

gg
(D(Dmaxmax= 8)= 8)

MgMg--CuCu--XX--YY
(( AA Ni Z Al)Ni Z Al)

Conventional copper mold casting

(x = (x = AgAg, Ni), Ni)
(D(Dmaxmax= 11, 2005)= 11, 2005)

(D(Dmaxmax= 9, 2004)= 9, 2004)(x = (x = AgAg,Ni,Zn, Al),Ni,Zn, Al)
(ID(IDmaxmax= 6, SD= 6, SDmaxmax = 10, = 10, 
2000)2000)

MgMg CuCu AgAg NiNi ZnZn YY Mg-Cu-Ag-Ni-Zn-Y-Gd MgMg--CuCu--AgAg--NiNi--ZnZn--GdGd

MgMg--CuCu--AgAg--PdPd--YY MgMg--CuCu--AgAg--PdPd--GdGd

MgMg--CuCu--AgAg--NiNi--ZnZn--YY
(ID(IDmaxmax= 9, 2003)= 9, 2003)

Mg Cu Ag Ni Zn Y Gd MgMg CuCu AgAg NiNi ZnZn GdGd
(Dmax= 14) (D(Dmaxmax= 11)= 11)(strong oxygen resistance)

gg gg
(WQD(WQDmaxmax= 12, 2001, = 12, 2001, 

IDIDmaxmax=7)=7)

gg gg
(D(Dmaxmax= 10, 2003)= 10, 2003)



Development of Mg-based BMGs



Measurement of Rc in Mg BMG (Dmax=14 mm)
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Parameters for GFA suggested so far :

Based on thermal analysis (Tg, Tx and Tl): thermodynamic and kinetic aspects

Parameters for GFA suggested so far :

Trg = Tg/Tl D. Turnbull et al., Contemp. Phys., 10, 473 (1969)

K = (Tx - Tg) / (Tl - Tx) A. Hruby et al., Czech.J.Phys., B22, 1187 (1972)

ΔT* = (Tm
mix-Tl) / Tm

mix I. W. Donald et al., J. Non-Cryst. Solids, 30, 77 (1978)

ΔTx = Tx – Tg A. Inoue et al., J. Non-Cryst. Solids, 156-158, 473 (1993)

γ = T / (T + T ) Z P L d C T Li A t M t i li 50 3501 (2002)γ =  Tx / (Tl + Tg) Z.P. Lu and C. T. Liu, Acta Materialia, 50, 3501 (2002)

Based on thermodynamic and atomic configuration aspectsBased on thermodynamic and atomic configuration aspects
σ = ΔT* × P’                     E. S. Park et al., Appl. Phys. Lett. , 86, 061907 (2005)

ΔT* : Relative decrease of melting temperature + P’ : atomic size mismatchΔT* : Relative decrease of melting temperature +  P’ : atomic size mismatch

: can be calculated simply using data on melting temp. and atomic size



< V - T diagram > < TTT diagram >

Li id

Supercooled
liquid

Supercooled

Liquid

 

R

Tx

p
liquid

Glass

V
o
lu
m
e

Rc
Critical cooling rate

Tm T mixT

Crystal

 

m TmTg

Temperature

T T Tm
l T mix,cal0 Tm

s

Supercooled
liquid

Glass Liquid

Tg Tx m Tm0
Mixtures of melting temp.



GFA Parameters on the basis of thermodynamic or kinetic aspects :  

1) ΔTx parameter = Tx - Tg

- quantitative measure of glass stability toward crystallizationquantitative measure of glass stability toward crystallization
upon reheating the glass above Tg: stability of glass state

- cannot be considered as a direct measure for GFA

2) K t (T T )/(T T ) ΔT /(T T )2)  K  parameter = (Tx-Tg)/(Tl-Tx) =ΔTx/(Tl-Tx)
- based on thermal stability of glass on subsequent reheating
- includes the effect of Tl , but similar tendency to ΔTx

3) ΔT* parameter = (Tm
mix – Tl)/ Tm

mix

- iT
n

nmixT  ( where n and T i are the mole fraction and melting point respectively

- evaluation of the stability of the liquid at equilibrium state      

mT
i inmT  ( where ni and Tm

i are the mole fraction and melting point, respectively,   
of the i th component of an n-component alloy.)

- alloy system with deep eutectic condition ~ good GFA
- for multi-component BMG systems: insufficient correlation with GFA

Tm
mix represents the fractional departure of Tm with variation of compositions 

and systems from the simple rule of mixtures melting temperature



Time Temperature Transformation diagram: 
1) ΔT = T - T1) ΔTx  Tx Tg
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Time Temperature Transformation diagram: 
2) K=(T -T )/(Tl-T )=ΔT /(Tl-T )2) K=(Tx-Tg)/(Tl-Tx)=ΔTx/(Tl Tx)
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GFA Parameters on the basis of thermodynamic or kinetic aspects :  

1) ΔTx parameter = Tx - Tg
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l
Tmix

mT Relative decrease of melting temperature

mix
mT

lmT  *:  ratio of Temperature difference between liquidus temp. Tl and 
imaginary melting temp. Tm

mix to Tm
mix

2.0*T in most of glass forming alloys                                    

by I.W. Donald  et al. (J. Non-Cryst. Solids, 30, 77 (1978))
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Ca-Mg-Zn alloy system
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