Amorphous alloys
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Temperature dependence of

the viscosity of Se At a cooling rate q1 > q2:
thermodynamic glass transition

temperature Tg,H(gl) > Tg,H(g2)



Technologies of production of BMG
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ribbons, thickness: 0,1~1mm ribbons,thickness: ~ 50 um




»first amorphous alloy”: AuSi - 1960
W. Clement, R.H. Willens and P. Duwez, Nature 187 (1960) 869

»first bulk metallic glass”: PdNi(P, Si) - 1984
H.W. Kui, A.L.Greer, D.Turnbull, Appl. Phys. Letters, 45(1984)615

,.next metallic glasses” : MgLnM (M = Ni, Cu, Zn) — 1988
LaAl(TM) 1989
Zr-based — 1990

Tohoku University — A. Inue

ZrTiCuNiBe (Vitreloy 1) — 1990
CalTec — W.L.Johnson
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Elastic limit (MPa)
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Elastic limit o, plotted against modulus E for 1507 metals, alloys, metal matrix
composites and metallic glasses. The contours show the yield strain o, /E and
the resilience ¢?/E.
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Fracture toughness and modulus for metals, alloys, ceramic, glasses, polymers
and metallic glasses. The contours show the toughness G, in kdm-.



Effect of alloying (negative enthalpy of mixing):
- reduction of melting point (formation of eutectics)

- ease of glass formation
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Composition dependence: T j,,iqus large, T, small, Good glass
former: Ty / Ty ctement =1/ 3; Tg/ Toyy~2/3;



Early-Late Transition
Metal

Metal-Metalloid
Glass forming ability of
metallic alloys

Multi-component alloys
(confusion principle)

Large difference in
atomic radii
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Large negative enthalpy
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Kinetic control for (metallic) glass formation

Nucleation Control

Growth Control

Kinetic balance to tune microstructg\re development !
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Thermal Stability

-

Pd,,Cu

H Mli 0 I:.EI]

Pd . Cu_.Ni, P,

Differental scanning calorimetry [unit scale]

Emdﬁmmﬁmwm

6.82

7.01

T pdmmdupzu
+ 10 K/min

" i 4 . "

(i Y T'I Jl] AN Q00 1000
Temperature [K]
I PddllCLhﬂNi'll]PEB Pddﬂ-a'l??“impiﬂ PddDNidUPZU

Glass trans. temperature T [K]| 564 571 568
SmrtofaystaﬂizaﬁmT g 650 681 665

10.42

Tyl Tel

0.71

0.71

0.64




HREM (a), its Fourier
transform as an insert
in the corner, and two
fragments after
reverse Fourier
vt transfer of the alloy
i (ol Cu20Ni29Ti252r17
Clee At :.‘.f‘!-fa"}." (G1C) after melt
a5 spinning at 20 m/s

HREM (a), its
Fourier transform as
an insert in the
corner, and reverse
Fourier transform (b)
of Cu25Ni25Ti25Zr25
(GO) after melt
spinning at 10 m/s
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Fig. 4. Tensile stress—strain curves of the cast bulk metallic glasses. (a)
Zr,, Al Ni, Cu,.Be,.: (b) Zr Al Ni Cun,..

X Xiae et al. [ Jowmnal gf Allovs and Compeounds 351 (2003) 324-328
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Plastic deformation of a thin plate of a thin plate of Pd,; :Cu,Si; 5
glass in tension. Shear bands are consistent with work-softening.

H. Kimura, PhD Thesis (1978) Tohoku Univ.



