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Material gains

V R&D: MATERIAL SCIENCE

High-performance technology and long-term 
societal challenges are combining to bring 
about an array of exciting developments in 
material science. These leaps forward are 
facilitating fresh ideas to improve what we 
have and create new things that we don’t.

smart substances that change shape, or accurately analyze  
how different atoms behave. A combination of increasingly 
high-performance instruments and rapid leaps forward in 
computing power is facilitating new ideas to improve existing 
materials and create solutions to problems. In a sector that has 
traditionally been slow and expensive, scientists can now use 
powerful predictive models and simulation techniques to ex-
plore potential new materials without having to make them. 

Looking for the materials genome 
By using a cluster of supercomputers, the Materials Project 
provides open access to information on known and predicted 
materials, and offers analysis tools to create new ones. The 
project is working on creating what it calls the “materials 
genome” and has already simulated more than 60,000 mater-
ials, collecting information about their basic properties. Its  
aim is to become the Google of materials, enabling research-
ers to enter the properties they require and receive a list of 
potential solutions. 

C
an you imagine a plastic inspired by the genetic 
code of squid teeth, that fixes damage in the  
presence of water? This is opening up a range of 
fascinating possibilities for clothing, biomedical 

devices and deep-sea cables. Or imagine a material that can 
convert waste carbon dioxide into fuel, instead of releasing it 
into the atmosphere. It might sound like science fiction, but 
these are just two examples of the fascinating new possibilities 
offered by dramatic progress in the world of material science. 

A host of innovations in the sector are rapidly transform-
ing the way we make things, from lights to buildings to trans-
portation. “In all areas of technology, advanced materials play 
a crucial role,” says Norbert Huber, from the advanced engin-
eering materials department at the Helmholtz Association, 
Germany’s largest scientific research body. “Technological 
breakthroughs are unthinkable without the appropriate new  
materials and related production technologies.”

Some scientists are referring to a new “golden age” for ma-
terials, in which we can develop high-strength composites and 

By Geoff Poulton
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1 Computer model of the molecular structure 
of graphene, a very strong and flexible layer 
of graphite.   2 Graphene can also be used 
for technical textiles and functional wearables.   
3 Colored scanning electron micrograph  
of a crumpled layer of graphene, which  
is expected to replace silicon in nanometer  
applications.   4 Just two atoms thick, a  
new graphene supermembrane has been 
developed that is waterproof, breathable and 
superlight.

In addition to this progress made in fundamental research,  
a major external driver in material development is external  
demand, says Norbert Huber. “This is closely linked to long-
term societal challenges. Population growth, for example,  
has implications on areas as wide-ranging as energy supply, 
mobility, communication and the environment.” Indeed, the 
challenge of developing processing technologies and products 
with significantly reduced energy consumption and emissions 
is behind some of the most fascinating new developments in 
material technology. 

Each year, millions of metric tons of the thermoplastic 
polymer PET are produced. It is commonly used in everyday 
items like plastic bottles, carpets and sportswear. While it can 
be recycled, PET is derived from petrochemicals and its heavy 
use has attracted growing criticism. An eco-friendlier alterna-
tive is currently under development at Dutch company 
Avantium. Polyethylene furanoate (PEF) is a high-quality poly-
ester plastic made from plant-based industrial sugars: 100 per-
cent recyclable, it is independent from petroleum-based 

Morphing planes Cornell University 
researchers have created a substance 
that could enable an aircraft to 
change its wings in flight and dive into 
water, morphing into a submarine. 
The hybrid material combines stiff 
metal and porous silicone foam. 
bit.ly/2jjqcoK

Supercoating An allotrope of carbon, 
graphene has an incredible combina-
tion of properties: stronger than dia-
mond, incredibly light and an efficient 
conductor of heat and electricity. It is, 
however, very difficult to work with in 
its purest form. One potential solution 
is to add graphene nanocoatings to 
other materials, giving them some of 
its qualities. 
bit.ly/2jEQKQW

Paper or plastic? Paptic is a wood-
fiber-based material that blends the 
look, feel and sustainability of paper 
with the strength and functionality of 
plastic. Its Finnish creators have 
already begun to sell Paptic bags. 
www.paptic.com

Spiberman QMONOS is a synthetic 
spider silk from Japanese firm Spiber. 
It makes the material by genetically 
modifying bacteria to produce a pro-
tein that is then spun into an incredi-
bly strong, lightweight silk. QMONOS 
has already been used for a special 
coat by clothing firm The North Face. 
www.spiber.jp/en 

Smart fabric ThermalTech could be 
the next big thing in athletic wear: the 
lightweight fabric is made of 100% 
stainless-steel mesh covered in a 
solar selective coating. It absorbs 
light and spreads it around the body 
to keep the wearer warm without the 
need for bulky clothing. 
thermaltechfabric.com
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products, and the environmental costs their extraction and re-
finement entail. PEF’s carbon footprint is 50–70 percent lower 
than today’s PET, a study says. In October 2016, Avantium 
signed a joint venture with chemical company BASF to build a 
reference PEF manufacturing plant and license the technology 
for industrial-scale production. It hopes to introduce PEF bot-
tles to this multi-billion-dollar market in 2018.

Lighter, stronger, faster
Cutting fuel consumption has become an increasingly pressing 
issue for transportation industries, with weight reduction a key 
enabler. At five times stronger than steel and twice as stiff with 
just a third of the weight, the appeal of carbon-fiber-reinforced 
plastic to engineers and designers is obvious. Until recent 
years, however, cost and time of production limited its use. 
Advancements in manufacturing technology are changing 
things: approximately half the weight of the latest airliners, 
such as Boeing’s 787, are made of carbon fiber composite; car 
manufacturers such as BMW are now able to create high-vol-
ume carbon fiber body parts. 

Which isn’t to say that metal is likely to be phased out 
anytime soon. The development of cutting-edge lightweight 
alloys is opening up new options. APWorks, a subsidiary of 
aerospace firm Airbus, has created its own aluminum-magne-
sium-scandium alloy, known as Scalmalloy: tough and 

corrosion-resistant, it is lightweight like aluminum but almost 
as strong as titanium. The company has already used it to cre-
ate the world’s largest 3D-printed cabin component – the “bi-
onic partition.” Its design mimics cellular structure and bone 
growth, resulting in a structurally strong part that weighs 45 
percent less than current versions. When applied to the entire 
cabin and to the current backlog of its A320 planes, Airbus es-
timates this design approach could save up to 465,000 metric 
tons of CO2 emissions a year.

Scalmalloy has been created specifically for use with 3D 
printing, and shows the impact of new processing and manu-
facturing techniques on the world of materials. These develop-
ments may often go unseen by consumers, but their impact can 
be significant. Susan Trolier-McKinstry, Penn State University 
professor and 2017 president of the Materials Research Society, 
cites a new technique developed by her colleagues called cold 
sintering as an example. “As well as enabling combinations of 
incompatible materials like ceramics and plastics, it presents 
major potential to lower energy use and cost,” she says. 
“Instead of operating at temperatures of 1,000°C, as is tradi-
tional, cold sintering works between room temperature and 
200°C. It’s faster, too: densification can occur in minutes rather 
than hours.” The Penn State team thinks the process could be 
used to create a variety of building materials, biomedical im-
plants and electronic components. Trolier-McKinstry 

1 The molecular structure of graphene, com-
posed of hexagonally arranged carbon atoms.   
2 The molecular beam epitaxy machine is used 
to create atomically clean interfaces between 
graphene sheets and metal contacts. It helps 
scientists find the best material combinations 
for creating graphene devices.   3 3D-printed 
lightweight graphene aerogel has excellent 
electrical conductivity and mechanical stiffness 
and exhibits supercompressibility.   4 Aerogel 
(“liquid smoke”) is a synthetic, porous, ultralight 
material derived from a gel, in which the liquid 
component has been replaced with a gas.
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anticipates widespread adoption to be fast, probably in the next 
five years, “simply because it’s such a paradigm shift.” But for 
every new material or process that enjoys rapid adoption,  
there are plenty that don’t make the grade. One of the main 
challenges is cost – new developments must be affordable  
for industrial application. “There are many materials that  
actually have superior properties to those that have been  
conventionally adopted, but because they are too difficult  
to make inexpensively, we don’t find them in products,”  
explains Trolier-McKinstry. 

The issue of sustainability can also be a problem for new 
materials, particularly when it comes to recycling. “New ma-
terials are always handicapped in comparison with more es-
tablished ones with well-developed recycling chains,” says 
Norbert Huber. “However, there is an increasing awareness 
that conventional materials and related technologies that have 
a potential of only a low percent of further improvement will 
have to be replaced by totally new solutions. With that, the 
corresponding recycling chains must also be established.”

Visions of the future
At MIT’s Self-Assembly Lab, Skylar Tibbits and his team are 
developing one of the most exciting new solutions. They have 
pioneered 4D printing, a way of programming materials to 
change shape by themselves when confronted with external 

forces such as water, light or temperature change. Tibbits re-
fers to it as “robotics without wires or motors.”  

The technique has already been tested in the automobile 
and aviation industries, but its revolutionary potential could be 
applied to a huge variety of areas: shoes and clothing that opti-
mize their form and function depending on the environment; 
home products that adapt to heat or moisture to improve com-
fort or add functionality; even machines and structures that 
can assemble themselves.

Smart materials like this will become increasingly impor-
tant, says Susan Trolier-McKinstry. “One of the things that 
make our field so fascinating is that it sits at the junction be-
tween chemistry, physics, engineering and, increasingly, com-
puting. It’s fascinating to look around and think about how you 
can combine these elements to make the materials and pro-
cesses that will shape our future.” <

“Technological break- 
throughs are unthinkable  
without appropriate  
new materials and related  
production technologies.” 
Norbert Huber, Helmholtz Association

   For more information:
V   The Materials Project’s database of known and predicted 

materials: materialsproject.org
V   Avantium, a research company looking into renewable 

chemistry: www.avantium.com
V   Materials Research Society: www.mrs.org
V   MIT’s lab for self-assembly and programmable materials:  

www.selfassemblylab.net
V   Skylar Tibbits on smart materials: youtu.be/N2bbdjqbKKk

5 Scalmalloy is a high-
performance aluminum 
powder with the strength 
of titanium.  6 Its proper-
ties (3D printable, light-
weight, tough, corrosion-
resistant) make it ideal 
for robotics, automotive 
and aerospace industries.   
7 Paptic material offers 
a combination of paper 
and plastic qualities and is 
80% degradable.
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