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Amloy enables weight reduction  
for high performance components in automotive

Hans-Jürgen Wachter  and Valeska Melde

Abstract: Amloy is an acronym for amorphous alloy, also known as metallic glass or amorphous metal. 
It is an undercooled frozen metallic liquid with an amorphous, chaotic atomic order, offering superior 
properties in comparison to crystalline metals and alloys used in today’s applications. The high strength 
combined with a high elasticity and comparatively low density to steel allows by example the manufactur-
ing of more robust, smaller, thinner and lighter components. Injection molding or additive manufacturing 
technologies allow the near net shape processing of Amloy in industrial scale. The development of a 
completely new injection molding process allows the manufacturing of net shape amorphous parts within 
60-90 seconds at tight tolerances and without necessarily required post processing. 3D printing enables 
completely new designs using honeycomb or bionic structure elements and by taking advantage of the 
high strength of the material, weight reduction up to 30% in comparison to Titanium alloys are within 
reach allowing a further optimization of high-performance light weight components.  

Amloy 

Definition of Amloy
Amloys are undercooled frozen metallic liquids with a chaotic atomic order similar to glass. Thus, this 

new material class is also called metallic glass or amorphous metal. 
During the quenching of a metallic liquid, no phase transition from liquid to solid takes place, which 

leads to the benefit that there is close to no shrinkage of the material enabling the manufacturing of net 
shape components without post-processing. In addition, Amloy is mechanically robust and chemically 
resistant as no crystallization takes place. Crystallization leads to grain and phase boundaries, which are 
the weak points of crystalline materials.

Metallic glass has been studied for more than 30 years and was originally developed at CalTech Univer-
sity, CA. In the 1970s, it was possible to manufacture thin ribbons or sheets. Cooling rates of 1,000,000 
Kelvin per second were required to shock-freeze the melt. In the 1990s, the first bulk metallic glass was 
developed, which allowed products of a few millimeters in size. The main alloy compositions at that time 
were Palladium, Platinum or Magnesium. Only in the beginning of the 21st century, it became possible 
to manufacture glass-matrix composites, which enable the manufacturing of components in the range of 
centimeters within the scientific world. One major reason for this advancement was the development of 
optimized alloys which need cooling rates of only 100 Kelvin per second. 

Fig. 1. Metallic glass development over time: Development of amorphous metals from nm- to cm-scale.  
Source: Heraeus Amloy Technologies GmbH
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Today the most promising amorphous alloys are based on Zirconium, Titanium and Copper. Heraeus 
Amloy Technologies is developing and processing such amorphous alloys. The current offering includes 
two Zirconium-based amorphous alloys (AMZ4 and VIT105) and one Copper-based amorphous alloy 
(AMC4). 

In a joint effort, Heraeus Amloy and Saarland University continue research and development activities 
in order to broaden the range of alloys towards Titanium, Platinum and Palladium for industrial applica-
tions. Titanium is the light-weight material of choice for the aerospace industry and the medical industry. 
Titanium and its alloys is widely accepted as biocompatible material. The disadvantage of today’s Titani-
um alloys are their strength and the elasticity, both are rather low and can be dramatically improved by 
the use of amorphous Zirconium- or Titanium alloys. Precious metals, especially amorphous Platinum, is 
of high interest to the jewelry industry to improve hardness and scratch resistance. 

Material properties
The non-crystalline structure of amorphous alloys leads to material properties which could not be 

combined in one material in the past, i.e. a high hardness and strength combined with a high elasticity at 
the same time. Normally, a yield strength of a crystalline material, like stainless steel, is at 0.2 % elastic 
strain before plastic deformation takes place. Amloy shows elastic behavior up to 2.0 % combined with a 
strength of more than 2000 N/mm² before plastic deformation starts.

Fig. 2. Comparison of crystalline materials with an amorphous metal, i.e. VIT105, in regard to flexural strength vs. strain.  
Source: Heraeus Amloy Technologies GmbH

The high flexural strength of the material enables the design of thinner or smaller, and, thus, lighter parts. 
The low density of 6.6-6.8 gram per cubic centimeter are an additional plus to realize light weight products. 

The energy content, which can be stored within a material is given by the area under the yield strength. 
As visualized in Fig.2, amorphous alloys are excellent at storing and releasing mechanical energy, which 
lead to many use cases for various industries.

Even if the material is called glass, it can be plastically deformed as shown in Fig. 2. But it is hard as 
glass. The hardness of an amorphous metal can reach up to 600 HV (Vickers Hardness), see Fig. 3.

Fig. 3. Comparison of Vickers hardness between Copper-based or Zirconium-based amorphous alloys and crystalline materials,  
i.e. Martensitic Stainless Steel, Stainless Steel and Titanium. Source: Heraeus Amloy Technologies GmbH
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Applications requiring high loads and a high elastic limit and a high creep resistance Amloy is the ma-
terial of choice, too. A good surface finish is a prerequisite to achieve a good fatigue life performance. A 
surface defect can easily lead to a crack initiation, which is not stopped by any phase- and grain boundar-
ies like in crystalline material.

Composite material or an additional coating of the surface as practiced in the glass or telecommunica-
tion fiber industry reduces the risk of surface defects and thereby the risk of a crack initiation.  

Fig. 4. Fatigue strength of Amloy; Source: Heraeus Amloy Technologies GmbH

In terms of corrosion resistance, amorphous metals outperform stainless steel, which is traditionally the 
material of choice when it comes to corrosive environments. The better the surface structure of an amor-
phous metal is, the less corrosion will appear. If the surface structure is not optimal, some pitting might 
appear or under certain conditions a reaction between Chlorides and Zirconium can occur which can be 
recognized as white spots on the surface. In each case it is a local phenomenon. 

Fig. 5. Comparison of 316L Steel, Titanium Grade 5 and VIT105 (Zr-based amorphous alloy) in regard to corrosion penetration [1]. 
Source: Heraeus Amloy Technologies GmbH

For Zirconium-based alloys, cytotox-tests were conducted to provide a biocompatibility proof. During 
those tests, no abnormal cell deformations were identified after 72 hours of incubation to elutes. With 
this result, the material is categorized to be biocompatible according to ISO 10993-5 [2].

It is important to mention  that the amorphous structure lead to an isotropic behavior of all mentioned 
properties. As a consequence, amorphous components have identical properties in all dimensions, which 
simplifies the design and support the product in its applications.

Limitations of amorphous metals
Where there is light, there is also shadow, according to a German saying. This is true for Amloy, too. By 

all the mentioned exceptional properties and its deep temperature ductility, the weak point is its stability 
at high temperatures. The temperature range between glass transition (approx. 410°C) and crystallization 
(approx. 490 °C) describes the limit of use cases for this material. Between the two temperatures the 
material becomes viscous and can be plastically deformed like a polymer. The property can be used for 
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post-processing of components if the exposure time within the temperature range is not exceeded and 
crystallization takes place. 

To avoid creep and crystallization we recommend the use of Amloy materials for application exposed to 
maximum 350°C. 

Near Net Shape Processing solutions

Injection molding of amorphous components
In the past, very small amorphous components could be manufactured in manual scientific driven 

processes like casting. Geometries were limited in this process and due to manual work, yield rates and 
repeatability were rather low. 

It is now possible to use an injection molding process for the manufacturing of amorphous components. 
The companies Engel Austria and Heraeus Amloy Technologies developed a new concept of metal injection 
molding equipment. By optimizing pre-material and equipment in a joint-effort the cycle time is reduced 
by 70% compared to solutions of the past. To manufacture one or several repeatable components with 
tight tolerances in cycle times of approximately 80 seconds in a single production step is now possible. 

Fig. 6. Process flow for metal injection molding of amorphous components from pre-material to finished product;  
Source: Heraeus Amloy Technologies GmbH

In principle, the process is similar to polymer injection molding with the major difference that an inductive 
melt chamber is used to melt the metallic pre-material at temperatures above 1,000°C. The melt is here-
after shot into the cavity of the mold tool by a plunger, undercooled and quenched without shrinkage. The 
use of a metallic pre-material as segment, which is placed by a robot into the melt chamber and not plastic 
granulates heated and moved into the cavity by a worm gear distinguish both technologies. Breaking- or 
cutting- off the runners and sprue from the finished parts is equal to polymer injection molding. With the 
injection molding process, amorphous parts of 0.5 to 5 mm thickness can be manufactured. The maximum 
length of a part is between 100 and 150 mm, depending on thickness and geometry of the component

The number of parts per cycle mainly depends on part size, geometry and the pre-material weight. The 
pre-material weight ranges from 40 to 120 grams in order to minimize unused material. Components can be 
manufactured within tolerances of +/-10 µm due to the missing phase transition from liquid to solid which 
results in a low shrinkage of less than 0.5% and with a mirror like surface finish Ra 0.05 µm if required.

These are huge advantages of the described amorphous metal injection process in comparison to the 
powder injection molding (PIM) process. PIM uses metallic powder which is bound by an organic binder. 
This powder mixture can be processed by a standard polymer injection molding equipment, where the 
powder mixture is heated and injected by a worm gear into the mold cavity. The binder within the so called 
manufactured “green part” has to be removed in a de-binding process at elevated temperatures. Hereafter 
the “brown part” has to be sintered at temperatures close to the melting point to achieve the final metal-
lic component, which leads in total to a shrinkage of 25 to 40% compared to the injection molded green 
part. Shape distortion of the sintered parts might require post-processing. Additionally, the accuracy of the 
finished PIM-parts is 30–80 micrometers and the rough surface finish requires extensive post-processing to 
allow their use for applications with high tolerances and smooth surface finish. 

The injection molding of amorphous metals is a net shape process offering an overall high yield and offers 
with it an advantage versus processes requiring an extensive long process chain using various additional 
processing technologies leading to an overall lower yield with all its consequences by example higher cost, 
more scrap, more energy consumption.  

pre-material Molded part with runner Assembled part

60-90 seconds 
fastest cycle time in the market 

2nd generation injection 
molding machine 

Net shape 
technology Tight tolerances
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Simulation of the material flow can save time and money in the pre-development phase. For example, 
Heraeus Amloy simulates the flow behavior of amorphous metal melt during injection molding and ana-
lyzes in advance whether the manufacturing process is suitable for the specific component, and where the 
design of the component and mold can be optimized. This leads to shorter development times, reduced 
cost and optimized mold tool design as given in Fig. 7.

Fig. 7. Example of material flow simulation for metal injection molding of amorphous components.  
Source: Heraeus Amloy Technologies GmbH

Since October 2019, a 2K-process is for the first time shown at the K-fair in Düsseldorf, offering to 
over-mold an amorphous component with polymers or a metallic crystalline component made of an alloy 
with a melting point above 1000°C with an amorphous metal.    

Additive manufacturing of amorphous components
Additive manufacturing of amorphous components is a second net shape processing solution. With the 

help of 3D printing or overlay welding, the dimensional limitations are no longer a matter of importance 
as the melt pool and the required energy can be controlled in such a way, that the critical cooling rate is 
always achieved during build-up of the components. The only limitation is the size of the build plate or 
printing chamber. Heraeus Amloy offers qualified spherical powders for additive manufacturing processes. 
These powders can be processed in general on all available SLM machines. 

Fig. 8. Additive manufacturing: Schematic description of the value chain from powder to printed component. Source: Heraeus Amloy 
Technologies GmbH

To benefit from the technology mostly a reverse engineering of the part and its use in a given assem-
bly or interaction with other components is required. Heraeus Amloy supports the reverse engineering 
approach together with the customers to optimize the powder and parameter solution to achieve the best 
results in regard to effort and cost.

ADDITIVE MANUFACTURING

Melting Atomisation Printing



6

Fig. 9. Services involved to optimize powders and parameters during reverse engineering.  
Source: Heraeus Amloy Technologies GmbH

 
Like with injection molding, Heraeus is working with industry partners to optimize the printing equip-

ment to the needs of amorphous powder printing to realize shorter printing times and achieve better 
surface finish and mechanical properties. 

The mechanical properties in printed components are slightly lower as for cast components, which has 
its nature in the printing process itself. Printing direction, porosity and higher oxygen content influence 
the properties as shown in the following diagram.

Fig. 10. Strength 3D printed vs. cast amorphous components. Source: Heraeus Amloy Technologies GmbH

Even the mechanical properties for amorphous components are lower as in the as cast conditions, the 
additive manufactured amorphous components show superior properties in comparison to Titanium grade 
5 or steel printed crystalline components. 

The high strength difference of the amorphous metals helps to optimize the geometry of components by 
reducing dimensions of actual parts and with it achieves weight reduction. 

Advantages for the automotive industry

Amorphous alloys the light weight material of the future?
Since reduction of weight became one key topic for the automotive industry, Titanium, Aluminum or 

Magnesium and their alloys are in many cases the materials of choice. The major reason is their low den-
sity. In comparison to steel materials, weight could be reduced tremendously. An additional advantage is 
the good corrosion resistance. 

The amorphous alloys show a much better ratio of young modulus x strain or yield strength x strain to 
density as Titanium alloys. As consequence, even with a higher density of approx. 6.8 g/cm³ in comparison 
to approx. 4.5 g/cm³ for Titanium alloys the weight saving can be in the range of 20-40%.  This in turn 
means that components can be designed smaller, which supports the trend of miniaturization, designed in 
the same dimension but withstanding much higher loads or offering longer cycle times in their application.
 

› High quality powders

› PSD optimization / customization

› Powder analytics 

› Alloy development

› Re-conditioning of powders

› Prototyping and printing of small 
series (LBM, EBM)

› Post-processing 

› Metallurgical analytics

› Equipment recommendations

› Development of printing and 
post-processing parameters

› Design optimization, part screening*

› Process and part simulation
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Fig. 11. Elastic energy storage of Titanium alloys vs. Amloy compositions: weight savings of 20-40% in comparison to TI Grade 5; 
Source: Heraeus Amloy Technologies GmbH

 
Amorphous metals in automotive applications

With its material properties, amorphous metals offer solutions for vehicles of tomorrow. In particular, 
components which experience high stress and high elasticity like components for clutches or transmission 
(axles and gears) are a good example for the application of amorphous metals. Amloy supports a longer life-
time of such components and, at the same time, helps adjusting designs towards thinner lighter products.

Due to its high elasticity combined with a high strength the use of amorphous material for spring or 
damping application offers a good fit. The flexural strength of 1.8-2.0 % enables spring parts and hinges 
to be made of amorphous metals, being either able to stretch the component further or having a longer 
lifetime. The additional 2-4 per cent plastic deformation avoids catastrophic failure.

Décor elements are another important aspect in the automotive industry. Plastic is not always the 
material of choice when it comes to high quality appearance or an excellent haptic. Amorphous alloys are 
scratch resistant and can be manufactures to a mirror-like or dull look without post-processing, including 
imprints, depending on the surface finish of the tool cavity. Further, due to its low heat conductivity the 
haptic of the material is excellent, too. 

Amorphous metals in vehicles of the future
Current trends show that it becomes more important to miniaturize components or making them 

thinner. In the latter trend, steel is reaching its limits. The high strength of amorphous metals supports 
the trend of getting smaller and/or thinner and offers a solution for a need which could not be satisfied 
before. Designers can overcome current limits and develop completely new parts. 

With the miniaturization, weight can be reduced and, thus, CO2 emissions can be reduced, too, which 
is also an aim for the automotive industry. 

Not only in traditional automobiles, miniaturization plays a role. New forms of transportation only 
become possible where components can become smaller and weight can be reduced or creep resistant 
materials for small high rotating propellers are required. Examples are drones or flying taxis.

Fig. 12. The mobility of the future; Picture credits: Adobe Stock / chesky*
*Image can be used free of charge to visualize the article “Amloy enables weight reduction for high performance components in 
automotive”

The new material class of Amloy exceeds the limitation of today’s materials and enables the develop-
ment of miniaturization and weight reduction of parts and components as well as new technologies.
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