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> Brief introduction of BMGs and BMG matrix composites

— 2 different deformation behaviors of BMGCs depending on 2"d phases
work-softening vs work-hardening behavior — Self healing?

> Development of “Work-hardenable” BMGCs with transformable 2"
phases

1) Fabrication of BMGCs with transformable 2"d phases

2) Evaluation of deformation mechanism in BMGCs

> Comparison of Work-hardenability depending on 2nd Phases
3) Hard ceramic, Soft crystalline, Transformation mediated

4) Different martensitic transformation temperature

mm) Optimization of work-hardenability in BMGCs with
transformable 2"? phases by controlling V; and M temp.
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Necessity of work hardenable bulk metallic glass composites
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: Metallic Glasses Offer a Unique Combination of High Strength and High Elastic Limit
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Necessity of work hardenable bulk metallic glass composites
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Metallic glass : Weaken
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Possibility : Metallic Glasses has an intrinsic plasticity
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Necessity of work hardenable bulk metallic glass composites

Shear bands form by accumulation of defects during deformation.

clear boundary between
undeformed matrix and
shear bands
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Necessity of work hardenable bulk metallic glass composites

1) Ductile phase
— Work softening

DYC.Cone e

dendrite BMG

Ir

N b7.6cuD.SBe12.5

39.6T]33.9

2) Transformation media
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Work-hardening in tension
from martensitic transformation
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Necessity of work hardenable bulk metallic glass composites

\u\l Work-hardening behavior of BMGCs in tension
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Yuan Wu, et al. Adv. Mater. 2010, 22, 2770-2773 [XRD pattern & Morphology of secondary phase before / after tensile test]
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Necessity of work hardenable bulk metallic glass composites

Douglas C. Hofmann, SCIENCE VOL 329 10 SEPTEMBER 2010

Work-hardening in tension

1) DUCtiIe phasg 0008 from martensiﬁFtransformaﬁon
— Work softening

2) Transformation media
— Work hardening
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To develop ultratough BMGCs : Control the characteristics of 2"d phase

1. Size & Distribution
2. Volume fraction ‘ Modulated Ex-situ Composite

3. Transformability: Martensitic transformation
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Preparation of metallic glass and SMA powders

Preparation of Gas atomized powders

1. Matrix Cu-based system
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Superelastic property of TiNiCu 2" phase

2 Stress induced transformation

Nano-indentation
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Preparation of BMGC by Spark Plasma Sintering Method

Vacuum
chamber

Discharge

Temperature : 440~470°C

Time : 15min

13mm disc, 7mm height

Fabrication : Spark plasma sintering

Pressing at Supercooled Liquid Region of mixed powders with high pressure (600MPa)
to consolidate the sample through viscous flow of metallic glass matrix.
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2 SEMimage

Fabrication : Spark plasma sintering

2 XRD pattern
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Compression test: Large plasticity and work-hardening behavior

Cu-based BMG + x% TiNiCu Cu-based BMGC with 20% TiNiCu
1x104S! Uniaxial compression N
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1. Large plasticity and Work hardening behavior
2. Fracture crack — propagate through interface of the 2"d phase and matrix
3. Multiple shear bands: initiation & propagation
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Deformation Mechanism of BMGC with transformable 2"d phase

Neutron diffraction

" Powerful tool for analyzing internal strain/phase in bulk samples

during deformation

- Neutron source
diffractometer,
wave length=1.46A

- Gauge volume:
2X2%x2mm?3
(a@ong theradial direction)

| - Deep penetration

depth (several
centimeters in most

materials)
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In-situ neutron diffraction measurement under compression

{ Cu-based BMGC with
1800 4 transformable 2nd phase
1 (20% TiNiCu)
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Work hardening of BMGCs

1. M.T.is constrained by horizontal frame of MG matrix because of the imbalance of
Poisson’s ratio during M.T.(~0.5) with elastic loading of MG matrix(~0.33).
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In-situ neutron diffraction measurement under compression
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Work hardening of BMGCs
1. M.T.is constrained by horizontal frame of MG matrix because of the imbalance of
Poisson’s ratio during M.T.(~0.5) with elastic loading of MG matrix(~0.33).
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In-situ neutron diffraction measurement under compression

| Cu-based BMGC with
1800 4 transformable 2"d phase
{1 (20% TiNiCu)
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Work hardening of BMGCs
2. M.T./slip deformation of 2"d phase are allowed to proceed with formation of shear
bands in the metallic glass matrix near yield strength.
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In-situ neutron diffraction measurement under compression
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Work hardening of BMGCs
2. M.T./slip deformation of 2"d phase are allowed to proceed with formation of shear

bands in the metallic glass matrix near yield strength.
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In-situ neutron diffraction measurement under compression
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Mechanism of Work-hardening in BMGC with transformable 2"d phase

“Strain hardening of 2"d phase contributes to work hardening behavior of BMGC.”

BMGMC

Stress

Work hardening

Strain

Matrix
0
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v
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Bulk metallic glass composite

> Comparison of Work-hardenability depending on 2nd Phases

Hard ceramic, Soft crystalline, Transformation mediated
— Applying deformation mechanisms to serrated flow

Different martensitic transformation temperature
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Comparison of Work-hardenability depending on 2"d Phases
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Comparison of Work-hardenability depending on 2"? Phases
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ss(MPa)

Mechanism of Work-hardening in BMGC with transformable 2"d phase

Serrated flow
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Manipulation of Work-hardenability by Controlling 2"d Phases

Yielding : Martensitic transformation
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Change the characteristics of 2nd phase
1. Different characteristic of Martensitic Transformation (A, B, C)

2. Same weight fraction (~volume fraction) of 2" phase (20%)
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Manipulation of Work-hardenability by Controlling 2"d Phases

Measurement of martensitic transformation stress : Nano-indentation
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Manipulation of Work-hardenability by Controlling 2"d Phases
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Conclusions

1. Newly developed ex-situ BMGCs with transformable TiNiCu 2" phase
exhibit large plasticity and superior work-hardening behavior.

2. Work hardening of BMGCs with transformable 2"d phase is from
delayed strain hardening of 2"d phase after matrix yielding, which
can be evaluated by in-situ neutron diffraction measurement
under compression test.

3. The reason of superior work hardenability of BMGMCs with
transformation mediated 2"d phase is supposed to come from
higher performance of absorbing dissipated energy of shear
band by strain hardening and martensitic transformation.

4. We can optimize work-hardenability of BMGCs by controlling
the fraction & martensitic transformability of 2"d phase in BMGC.

— “Work hardenability” o< “Strain hardenability after M.T.”
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