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Background
Amorphous alloys, also known as Metallic Glasses
(MGs), have a combination of high toughness and
strength, good wear resistance, as well as enhanced
corrosion resistance. So far, the exploration of new
glass forming systems and prediction of Glass
Forming Regions (GFRs) are the main challenges in
the development of MGs. The empirical rule of glass
forming ability gets difficulties to meet the
requirement of designing new MGs.
Fig. 2. Unique microstructures of the amorphous alloys

Fig. 1. Amorphous alloys showing excellent mechanical properties

The T0 curves in phase diagrams have been
experimentally proven to relate to the formation of
metastable phases, especially the amorphous
phases. However, traditional thermodynamic
interpretation of the T0 curves may become
ambiguous to explain their particularities in rapid
solidification, which greatly restricts their
widespread applications.

Fig. 3. Relationship between GFRs and T0 curves in phase

diagrams. The shape of T0 curves are closely related to GFA
and GFRs.
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Fig. 4. Flow diagram of new thermodynamic
interpretation of the T0 curves in the present work.

Here, we have investigated the
thermodynamic particularities of the
T0 curves by analyzing Gibbs energy
changes of the liquid–solid transitions
in both slow and rapid solidification.
Phase transitions in these two
situations are controlled by different
equilibrium states. After illustrated
the particularities of T0 curves, we
could propose an efficient GFA
indicator in combination with stable
phase diagrams.

Conclusions
To sum it up, by comparing the
DFs of UL in both rapid and slow
solidifications, we have explicitly
illustrated the thermodynamic
particularities of T0 curves.
• Slow solidification:
the nucleation and growth can
occur
along
the
direction
determined by the total energy
decreasing, due to the sufficient
diffusion.
• Rapid solidification:
the nucleation and growth of
crystals cannot occur under the
control of local interface equilibrium.
Furthermore, we propose an
efficient indicator to predict novel
MGs and GFRs, phase diagrams +
T0 curves.
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Fig. 5. Schematic energy changes for crystallization during (a) slow solidification and (b) rapid solidification. The solid red arrows indicate the DFs
of the whole system, which is equal to the DFs of LP at the beginning of solidification. The DFs of SS are shown as blue arrows.

The composition ranges are divided into the solid solution (SS), the SS + liquid phase (LP), and
LP by the contact points of the Gl and Gs curves and their common tangent. The direction of the
red arrow, which starts from Gl and ends at tangent, implies the direction of phase transition, while
its length represents the magnitude of the DFs.
At the very beginning of the slow solidification process, SS with the same composition as its
melt will form, with no composition aggregation in liquid. The nuclei is not stable, ∆𝐺𝑠𝑙 > ∆𝐺𝑙𝑠 .
Because there is a sufficient diffusion time, crystallization still occur driven by total energy
decreasing.
As for the rapid solidification process, at the composition x>x0, the energy conditions is not
satisfied for LP to crystallize ∆𝐺𝑙𝑠 < ∆𝐺𝑠𝑙 . Although the total DFs are still a positive value, the
nucleation and growth of crystals do not occur under the control of local interface equilibrium.

Results

Fig. 6. Calculated T0 curves with stable phase diagrams of (a) Cu-Zr system, (b) Ni-Zr system, (c) Fe-Zr system, and (d) Cu-Hf system. The glass
forming temperatures and crystallization temperatures information inserted are taken from

“Phase diagram+T0 curves”indicator for GFA: Systems with plunging T0 curves in phase
diagrams are promising candidates for easy MGs forming, while the GFRs are the composition
ranges between two T0 curves. The rationality of present indicator is verified by experimental
information, which is in satisfactory agreements with the T0-curve defined amorphous areas.
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