
Overview



Which materials can offer…

� The yield strength of high end steels

� The elas�city of plas�cs

� Corrosion resistance like precious metals

� The possibility to cast finished polished surfaces 
in one step

?
� Bulk Metallic Glasses
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Overview

� Bulk Metallic Glass (Amorphous Metals)

� Alloy Proper�es

� Mechanical Proper�es

� Chemical behavior

� Applica�ons

� Produc�on

� Summary
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FACE CENTERED CUBIC STRUCTURE (FCC)

Atoms touch each other along face diagonals.
--Note:  All atoms are identical; the face-centered atoms are shaded
   differently only for ease of viewing.

ex: Al, Cu, Au, Pb, Ni, Pt, Ag

  - Coordination #= 12

4 atoms/unit cell: (6 face x 1/2) + (8 corners x 1/8)
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Atomic Radii and Crystal Structures for 16 Metals

Metal 
Crystal

Structure a
Atomic
Radius b

(nm)

Metal 
Crystal

Structure a
Atomic
Radius b

(nm)

Aluminum FCC 0.1431 Molybdenum BCC 0.1363

Iron (α)

FCC 0.1750 Zinc HCP 0.1332Lead

HCP 0.1253 Silver FCC 0.1445Cobalt

BCC 0.1241 Tungsten BCC 0.1371

Chromium BCC 0.1249 Platinum FCC 0.1387

Gold FCC 0.1442 Titanium (α) HCP 0.1445

Cadmium HCP 0.1490 Nickel FCC 0.1246

Copper FCC 0.1278 Tantalum BCC 0.1430

a FCC = face-centered cubic;  HCP = hexagonal close-paked;  BCC = body-centered cubic

b A nanometer (nm) equals 10 -9 m; to convert from nanometers to angstrom units (Å), multiply the nanometer value by 10



Structure Ma�ers
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Amorphous Metals

-  Polycrystalline grains of varying shapes
   and sizes.
-  Misaligned planes of atoms slip past
   each other easily, absorbing energy and
   allowing dislocations to move, making
   deformation permanent.
-  Grain boundaries represent weak spots

Most Metals Metallic Glass
-  Cooled faster than atoms can

rearrange into a crystal
- Dislocation movement obstructed so

absorbs less energy and rebounds
elastically to its initial shape

- Resistant to corrosion and wear
- Slow heat conduction limits casting



Vit1B Structure
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Zr Be Ti Cu Ni
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BMG Product Placement
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Resilience
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Energy that can be absorbed per 
volume before plastic deformation.

Alloy
YA

MPa
E-Modul

GPa
URV=1/2(YS^2/E)

MPa Urρ= URV / ρ

Vit105 1524 93 12.5 1,90
Federstahl
1.7176 1250 210 3.7 0,50
Ti-6Al-4V 880 128 3.0 0,68
7075 
Aluminium 503 73 1.7 0,61



Characteris�c proper�es of Bulk Metallic Glasses

� Complex shaping  “in one step”

� Elas�city/spring proper�es

� High Strength(~ 1500 MPa)

� Tight tolerances (like CNC)

� High reflec�vity (polishes surfaces)

� High Hardness (53 HRC)

� Corrosion resistance

� Bio compa�bility

� CNC machining possible
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Mechanical proper�es of Vit105
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Yield Strength Re ~ Rm 1524 MPa

Young´s Modulus 93 GPa

Elas�city ~ 1,80 %

Hardness 53 HRC

Fa�gue limit at 10^7 cycles 304 MPa

Fracture Toughness K1C ~ 40 Mpa m^1/2

Poisson´s 0,38



Physical proper�es of Vit105
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Density 6.57 g/cm³

Heat capacity 329 J/kg K

Heat Volume 2161 kJ/m³K

Thermal Expansion 12 µm/mK

Electric Resistance 160 µOhm cm

Glas Transi�on Temperature 399°C

Crystalisa�on Temperature 468°C

Opera�ng Temperature ≤250°C

non magne�c µd = 0,999991





Storyline of BMG

� Since the 90́ s Materion is supplier for Liquidmetal®

� 2010: Liquidmetal® contacts Materion to supply the 
finished alloys

� 2015:  Engel introduces metal injections molding 
machine  “-e-motion 100”
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�

� 2019:  Engel introduces new metal injections molding 
machine  “Victory 120”

2018:    Eutectix replace Materion in producing and 
promoting BMG

� 2019:   RS Acciai become official reseller in european
market about BMG

� 2020:   Eutectix agreement with Liquidmetal®



Bulk Metallic Glass Supply Chain
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Vacuum Injection Molding - Producer

Materion VIM unit (Elmore, OH) -
Materion

BMG Alloy Feedstock –
Materion/Engel



BMG Injec�on Molding Machine
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Rapid Discharge Forming Process
► Input Material

► 5mm Dia. Rods
► 8mm Dia. Rods
► Length determined by part to mfg

►High Product Yield

►Recycle of alloy?
Yes, material can be 

cleaned and recycled?
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Bulk Metallic Glass – What else is special?

Springs and Gears

Small scale extrusions
Rapid 

Discharge 
Forming

Golden et al., Adv Mater, 23 , 461 (2011)

Ease of processing
� Thermoplastic forming
� Rapid discharge forming
� Injection molding
� Die casting

Blow Molding



Injec�on Molding Guidelines

� Wandstärke: mind. 0,4 mm; nominal 1,00 mm

� Zu hohe Temperaturen führen zu Kristallisa�on (Zeit und 
Temperaturabhängig)

� Max. 80 g pro Teil (13 cm³)

� Max. projizierte Fläche 100 mm X 100 mm

� Bauteilauslegung: sprödes Versagen amorpher Metalle
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Injec�on Molding Produc�on Tolerance

BMG CNC MIM

Tolerance ± 8 µm ±8 µm ± 75 – 125 µm

27

Form Toleranzen

Func�on given part, linear
shape

±0.02 per 25.4 mm

Standard tolerance, linear 
shape

±0.05 mm per 25.4 mm

Flatness 0.05 mm

Straightness 0.05 mm

Angle 0.001 mm/mm

Concentricity 0.05 mm

Roundness 0.05 mm



Chemical Proper�es of Vit 105

� Salt Spray Test according to ASTM B117 – no signs of corrosion

� Resistant to acids and bases

� High corrosion and wear resistance

� Passed various biocompa�bility tests:
Toxicity, Irrita�on, Sensi�za�on, Systemic Toxicity, 
Hemocompa�bility, Mutagenicity, Pyrogenic�y
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BMG – Production History Overview

VIIC Furnace (VC9)

Casting mold (weight = 600kg)

Scaled production:
� Scaled from batches of 10  and 3 0  kg
� Currently batches of ~85  kg
� Alloyed and cast under vacuum

Crucible charged for alloying



BMG – Production History Overview

Mold, alloyed rods partially removed

Scaled production
� Each batch is cast into rods
� Rods are separated from the 

reusable casting material
� Finished rods are sold as 

complete rods or cut to length

Complete rods removed from the mold
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Bulk Metallic Glass Markets

Industrial Components

Sporting Equipment
Watches and Luxury Goods

Consumer Electronics (CE)

Biomedical

Oil and Gas

Performance 
Automotive

Aerospace/Defense



BMG Gears - NASA
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BMG Gears
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BMG Gears
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BMG Gears
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