
 

Researcher creates mathematical models to
advance smart polymer materials
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Guido Kusters created mathematical models to aid in the development of
smart polymers, and he defended his Ph.D. thesis cum laude at the
Eindhoven University of Technology Department of Applied Physics
and Science Education on May 29.
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"It's very likely you've already used one or more smart polymers today,"
Kusters says.

"Like hair gel. That's soft and malleable when you squeeze it out of the
tube, but once it's in your hair it gets hard so your haircut will remain
firmly in place for the rest of the day. These materials are fundamentally
soft, which is familiar from things like elastic bands, toothpaste, and any
plastic packaging."

Kusters explains soft materials often have an unambiguous function.
Plastic packaging, for example, separates the product from its
surroundings. But it's exactly the ease with which these materials can
change shape that makes them very suitable for more complex functions
in which they, for instance, need to adapt to changes in the environment.

Then these materials are called soft responsive materials, says Kusters,
and this is what he spent the past four years extensively researching.

Accessible method

Instead of spending hours in the lab, Kusters mainly worked on his
laptop. He had a clear mission: he wanted to make the development of
smart polymers more efficient using mathematical models. But doesn't
carrying out experiments teach us more?

"If it were that easy doing it in a lab, we would," Kusters emphasizes.
"We're often dealing with very precious materials and lengthy tests. You
can't try something out quickly. Especially when it comes to the
optimization of smart polymers, a calculation model will provide a more
rapid indication of the way in which a material can be improved."

He's not the first to try and fit smart polymers into a model, says
Kusters. And yet, his approach is unique, partly because his project is
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part of a large research consortium—Soft Advanced Materials. This
involves multiple universities and research institutes working together,
also with several industrial partners.

"In earlier models, much more complex mechanisms were used, in a
numerical way. That makes it very precise but does require having a new
complicated calculation carried out every time. Our new modeling
method is much more accessible, as well as generically applicable.
Which means it's also easier to use in industry."

Fertilizer granule

Kusters reaches for a little bag that's lying on his desk, right next to his
voluminous dissertation.

"It's one thing to make a model, but I also wanted to show that this
model can be used for a great many smart polymers. From relatively
simple polymer materials to more biological structures. I really
researched a wide spectrum."

Kusters has opened the bag and takes out a few small granules.
"Collaboration partner Corbion produces this urea granules, which are
used in largescale agriculture. Normally, nutrients are released at the
same time, but a gradual release would be much more desirable for
plants and the environment. This can be achieved by coating the granules
in a smart polymer."

The idea sounds simple, he says. "In a damp environment, the polymer
layer will expand, making it porous. This allows the nutrients to dissolve
into the water and be released. But the big challenge is to adapt the
release profile of those polymer layers to the needs of the crops. And for
this, we need to have a better understanding of the behavior of the
polymer coating."
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Kusters' model provided the required insights. "A fertilizer granule must
keep releasing nutrients for the entire plant cycle, which is six months at
the very least. This means practical experiments are very time-
consuming. We've analyzed which mechanisms are important for the
release. The thickness of the coating, how the water flows through the
passages, how crystalline the polymer we're using is. My model allows
you to modify the polymer coating and immediately see how the release
will change."

Curvy brains

Kusters put lots more in his model than just the urea granule. "I got
inspired by the smart polymers that are being developed in the CEC
research group Stimuli-responsive Functional Materials and Devices,
such as the vibrating coating that can independently clean solar cells—or
possibly even a Mars rover. What mechanism is behind this exactly?
And how can we pre-program certain movements?"

He spent four years at Harvard to help contribute to the creation of a
new material, based on biological tissues. Or the miniature brains, a
project that he first met through the connections he established during
his master's internship at the University of Oxford.

"The edges of an artificial mini brain on a chip get wrinklier as time
passes. Those wrinkles are crucial to the proper functioning of our curvy
brains. A genetic disorder—lissencephaly, which literally means 'smooth
brains'—can reduce the wrinkling, which may lead to mental
impairments. We would like to use our model to gain an insight into the
wrinkling of the brain, possibly even use it to diagnose these kinds of
impairments at an early stage." However, he emphasizes, "I'm talking
way into the future."

That his dissertation describes an ostensibly wide range of applications
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"is definitely for good reason," Kusters says. "We demonstrated that you
can use a relatively generic approach to describe a great variety of soft
responsive materials. And, at least as importantly, that you can
subsequently draw useful conclusions from this. So, for anyone
wondering why we model things, that is the power of our model."

  More information: PhD thesis: Minimal models of soft responsive
materials
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