
 
 
 
 
 
 
                
 

 
 

Stimate doamne, Stimați domni, 

  Noua serie a E-newsletter AVANMAT este dedicata materialelor avansate, unul din domeniile 
tehnologice ”cheie” la nivelul Uniunii Europene. 
   

Biomateriale 

Vascular networks made from sugar-3D printed living materials 

Researchers are hopeful that new advances in tissue engineering and regenerative medicine 
could one day make a replacement liver from a patient’s own cells, or animal muscle tissue that 
could be cut into steaks without ever being inside a cow. Bioengineers can already make 2D 
structures out of many kinds of tissue, but one of the major roadblocks to making the jump to 3D is 
keeping the cells within large structures from suffocating; organs have complicated 3D blood vessel 
networks that are still impossible to recreate in the laboratory. Now, University of Pennsylvania 
researchers have developed an innovative solution to this perfusion problem: they’ve shown that 3D 
printed templates of filament networks can be used to rapidly create vasculature and improve the 
function of engineered living tissues. Without a vascular system — a highway for delivering nutrients 
and removing waste products — living cells on the inside of a 3D tissue structure quickly die. Thin 
tissues grown from a few layers of cells don’t have this problem, as all of the cells have direct access 
to nutrients and oxygen. Bioengineers have therefore explored 3D printing as a way to prototype 
tissues containing large volumes of living cells. 

The most commonly explored techniques are layer-by-layer fabrication, or bioprinting, where 
single layers or droplets of cells and gel are created and then assembled together one drop at a 
time, somewhat like building a stack of LEGOs. Such “additive manufacturing” methods can make 
complex shapes out of a variety of materials, but vasculature remains a major challenge when 
printing with cells. Hollow channels made in this way have structural seams running between the 
layers, and the pressure of fluid pumping through them can push the seams apart. More important, 
many potentially useful cell types, like liver cells, cannot readily survive the rigors of direct 3D 
bioprinting. To get around this problem, Penn researchers turned the printing process inside out. 
Rather than trying to print a large volume of tissue and leave hollow channels for vasculature in a 
layer-by-layer approach, Chen and colleagues focused on the vasculature first and designed free-
standing 3D filament networks in the shape of a vascular system that sat inside a mold. As in lost-
wax casting, a technique that has been used to make sculptures for thousands of years, the team’s 
approach allowed for the mold and vascular template to be removed once the cells were added and 
formed a solid tissue enveloping the filaments. 

“Sometimes the simplest solutions come from going back to basics,” Miller said. “I got the 
first hint at this solution when I visited a Body Worlds exhibit, where you can see plastic casts of 
free-standing, whole organ vasculature.” This rapid casting technique hinged on the researchers 
developing a material that is rigid enough to exist as a 3D network of cylindrical filaments but which 
can also easily dissolve in water without toxic effects on cells. They also needed to make the materi-
al compatible with a 3D printer so they could make reproducible vascular networks orders of 
magnitude faster, and at larger scale and higher complexity, than possible in a layer-by-layer 
bioprinting approach. After much testing, the team found the perfect mix of material properties in a 
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humble material: sugar. Sugars are mechanically strong and make up the majority of organic 
biomass on the planet in the form of cellulose, but their building blocks are also typically added and 
dissolved into nutrient media that help cells grow. 

“We tested many different sugar formulations until we were able to optimize all of these 
characteristics together,” Miller said. “Since there’s no single type of gel that’s going to be optimal 
for every kind of engineered tissue, we also wanted to develop a sugar formula that would be 
broadly compatible with any cell type or water-based gel.” The formula they settled on — a 
combination of sucrose and glucose along with dextran for structural reinforcement — is printed with 
a RepRap, an open-source 3D printer with a custom-designed extruder and controlling software. An 
important step in stabilizing the sugar after printing, templates are coated in a thin layer of a 
degradable polymer derived from corn. This coating allows the sugar template to be dissolved and to 
flow out of the gel through the channels they create without inhibiting the solidification of the gel or 
damaging the growing cells nearby. Once the sugar is removed, the researchers start flowing fluid 
through the vascular architecture and cells begin to receive nutrients and oxygen similar to the 
exchange that naturally happens in the body. 

The whole process is quick and inexpensive, allowing the researchers to switch with ease 
between computer simulations and physical models of multiple vascular configurations. “This new 
platform technology, from the cell’s perspective, makes tissue formation a gentle and quick 
journey,” Chen said, “because cells are only exposed to a few minutes of manual pipetting and a 
single step of being poured into the molds before getting nourished by our vascular network.” 

Reprint dupa Materials Today. Link to original source. 

Individual cell treatment-Miniature machines a step closer 

Miniature machines that can be inserted into the body to target disease are a step nearer to 
reality, following a development by scientists. Researchers say the devices could be developed to 
enter cells harmlessly and carry out specific tasks. These could include triggering the production of 
drugs at the site of a tumour or blood clot - without affecting other cells in the body.  The machine, 
which is being developed by University of Edinburgh scientists, comprises tiny amounts of the metal 
palladium encased in a harmless capsule. Once placed in the cell, the metal could help trigger 
reactions to fight disease, without disrupting routine cell functions. Palladium is commonly used in 
the pharmaceutical industry to facilitate or speed up chemical reactions that produce drugs. 
Scientists hope to harness its potential to create treatments at the site of disease. This could deliver 
effective treatment with few side-effects. 

Researchers have developed a simple method for fine-tuning palladium in the lab to enable it 
to perform specific tasks, for example by combining it with chemotherapy drugs to target cancer, 
without affecting the rest of the body. This could help curb side-effects associated with 
chemotherapy such as vomiting, lowered immunity and hair loss. The study, published in Nature 
Protocol, was carried out in collaboration with the Universiti Kebangsaan Malaysia and the University 
of Granada. It was supported by the Medical Research Council, the Engineering and Physical 
Sciences Research Council, the Royal Society, the Government of Malaysia and the Swiss National 
Science Foundation. 

Professor Mark Bradley of the University of Edinburgh's School of Chemistry, who led the 
research, said: "This technique should enable powerful drugs to be made directly where they are 
needed at the site of the cancer or infection, and once fully developed promises to be a useful 
weapon against disease." 

Reprint dupa Materials Today. 

  



 
Energie 

First SOFC capable of battery-like storage - New fuel cell keeps going after the 
hydrogen runs out 

Imagine a kerosene lamp that continued to shine after the fuel was spent, or an electric stove 
that could remain hot during a power outage. Materials scientists at Harvard have demonstrated an 
equivalent feat in clean energy generation with a solid-oxide fuel cell (SOFC) that converts hydrogen 
into electricity but can also store electrochemical energy like a battery. This fuel cell can continue to 
produce power for a short time after its fuel has run out. 

"This thin-film SOFC takes advantage of recent advances in low-temperature operation to in-
corporate a new and more versa-tile material," explains principal investigator Shriram Ramanathan, 
Associate Professor of Materials Science at the Harvard School of Engineering and Applied Sciences 
(SEAS). "Vanadium oxide (VOx) at the anode behaves as a multifunctional material, allowing the 
fuel cell to both generate and store energy." 

The finding, which appears online in the journal Nano Letters, will be most important for 
small-scale, portable energy appli-cations, where a very compact and lightweight power supply is 
essential and the fuel supply may be interrupted. 

"Unmanned aerial vehicles, for instance, would really benefit from this," says lead author Qu-
entin Van Overmeere, a post-doctoral fellow at SEAS. "When it's impossible to refuel in the field, an 
extra boost of stored energy could extend the device's lifespan significantly." 

Ramanathan, Van Overmeere, and their coauthor Kian Kerman (a graduate student at SEAS) 
typically work on thin-film SOFCs that use platinum for the electrodes (the two "poles" known as the 
anode and the cathode). But when a platinum-anode SOFC runs out of fuel, it can continue to gene-
rate power for only about 15 seconds before the electrochemical reaction peters out.  

The new SOFC uses a bilayer of platinum and VOx for the anode, which allows the cell to con-
tinue operating without fuel for up to 14 times as long (3 minutes, 30 seconds, at a current density 
of 0.2 mA/cm2). This early result is only a "proof of con-cept," according to Ramanathan, and his 
team predicts that future improvements to the composition of the VOx-platinum anode will further 
extend the cell's lifespan. 

During normal operation, the amount of power produced by the new device is comparable to 
that produced by a platinum-anode SOFC. Meanwhile, the special nanostructured VOx layer sets up 
various chemical reactions that continue after the hydrogen fuel has run out. 

"There are three reactions that potentially take place within the cell due to this vanadium 
oxide anode," says Ramanathan. "The first is the oxidation of vanadium ions, which we verified 
through XPS (X-ray photoelectron spectroscopy). The second is the storage of hydrogen within the 
VOx crystal lattice, which is gradually released and oxidized at the anode. And the third 
phenomenon we might see is that the concentration of oxygen ions differs from the anode to the 
cathode, so we may also have oxygen anions being oxidized, as in a concentration cell." 

All three of those reactions are capable of feeding electrons into a circuit, but it is currently 
unclear exactly what allows the new fuel cell to keep running. Ramanathan's team has so far 
determined experimentally and quantitatively that at least two of three possible mechanisms are 
simultaneously at work. 

Ramanathan and his colleagues estimate that a more advanced fuel cell of this type, capable 
of producing power without fuel for a longer period of time, will be available for applications testing 
(e.g., in micro-air vehicles) within 2 years. 

This work was supported by the U.S. National Science Foundation (NSF), a postdoctoral 
scholarship from Le Fonds de la Re-cherche Scientifique-FNRS, and the U.S. Department of 
Defense's National Defense Science and Engineering Graduate Fel-lowship Program. The researchers 
also benefited from the resources of the Harvard University Center for Nanoscale Systems (a 



 
member of the NSF-funded National Nanotechnology Infrastructure Network) and the NSF-funded 
MRSEC Shared Experi-mental Facilities at MIT. 

Reprint dupa Materials Today. Link to original source. 

 

Materiale avansate 

New generation of green flame retardants - Novel clay-based coatings 

In searching for better flame retardants for home furnishings—a large source of fuel in house 
fires—National Institute of Standards and Technology (NIST) researchers defied the conventional 
wisdom and literally hit a wall, one made of clay. It wasn't a dead end, but rather a surprising result 
that may lead to a new generation of nonhalogenated, sustainable flame retardant technology for 
polyurethane foam. The thick, fast-forming coating that the NIST team created has a uniformly high 
concentration of flame-inhibiting clay particles, and it adheres strongly to the Swiss cheese-like 
surface of polyurethane foam, which is used in furniture cushions, carpet padding, children's car 
seats, and other items. 

"In effect, we can build the equivalent of a flame-retarding clay wall on the foam in a way 
that has no adverse impact on the foam manufacturing process," explains NIST fire researcher Rick 
Davis. "Our clay-based coatings perform at least as well as commercial retardant approaches, and 
we think there's room for improvement. We hope this new approach provides industry with practical 
alternative flame retardants." To date, researchers have built up coatings by stacking thin layers in 
pairs that are held together by basic electrical attraction. With no clay present, just a pure polymer, 
a thick coating is formed rapidly, but it isn't a fire retardant. With clay in every other layer, either 
the coating is too thin or the clay content is too low to be an effective fire retardant. 

The NIST team tried something you would expect not to work: trilayers consisting of a 
positively charged bottom topped by two negatively charged layers. Under most circumstances, the 
two negative layers would repulse each other, but it turns out that hydrogen bonds formed between 
the two negative layers and overcame this repulsive force. The resulting trilayer yields a unique 
result: a thick, fast-forming, and high concentration clay coating on polyurethane foam. This 
nanocomposite coating is 10 times thicker, contains 6 times more clay, and achieves this using at 
least 5 times fewer total layers than the traditional bilayer coatings. "The eight trilayer system 
thoroughly coated all internal and external surfaces of the porous polyurethane foam, creating a clay 
brick wall barrier that reduced foam flammability by as much as 17 percent of the peak heat release 
rate," the team reported. Only a few hundred nanometers thick, the final coating is transparent and 
the foam still has the same softness, support and feel. 

Compared with amounts of current flame retardant applied to polyurethane foam, only half 
as much of the new clay-based coating was required to achieve comparable levels of performance. 

Reprint dupa Materials Today. Link to original source. 

Better surfaces could help dissipate heat - Textures tame temperature 

Cooling systems that use a liquid that changes phase — such as water boiling on a surface — 
can play an important part in many developing technologies, including advanced microchips and 
concentrated solar-power systems. But understanding exactly how such systems work, and what 
kinds of surfaces maximize the transfer of heat, has remained a challenging problem. Now, 
researchers at MIT have found that relatively simple, microscale roughening of a surface can 
dramatically enhance its transfer of heat. Such an approach could be far less complex and more 
durable than approaches that enhance heat transfer through smaller patterning in the nanometer 
(billionths of a meter) range. The new research also provides a theoretical framework for analyzing 
the behavior of such systems, pointing the way to even greater improvements. The work was pub-
lished this month in the journal Applied Physics Letters, in a paper co-authored by graduate student 



 
Kuang-Han Chu, postdoc Ryan Enright and Evelyn Wang, an associate professor of mechanical engi-
neering. 

“Heat dissipation is a major problem” in many fields, especially electronics, Wang says; the 
use of phase-change liquids such as boiling water to transfer heat away from a surface “has been an 
area of significant interest for many decades.” But until now, there has not been a good 
understanding of parameters that determine how different materials — and especially surface 
texturing — might affect heat-transfer performance. “Because of the complexities of the phase-
change process, it’s only recently that we have an ability to manipulate” surfaces to optimize the 
process, Wang says, thanks to advances in micro- and nanotechnology. Chu says a major potential 
application is in server farms, where the need to keep many processors cool contributes significantly 
to energy costs. While this research analyzed the use of water for cooling, he adds that the team 
“believe[s] this research is generalizable, no matter what the fluid.” 

The team concluded that the reason surface roughness greatly enhances heat transfer — mo-
re than doubling the maximum heat dissipation — is that it enhances capillary action at the surface, 
helping keep a line of vapor bubbles “pinned” to the heat transfer surface, delaying the formation of 
a vapor layer that greatly reduces cooling. To test the process, the researchers made a series of 
postage-stamp-sized silicon wafers with varying degrees of surface roughness, including some 
perfectly smooth samples for comparison. The degree of roughness is measured as the portion of 
the surface area that can come into contact with a liquid, as compared to a completely smooth 
surface. (For example, if you crumpled a piece of paper and then flattened it back out so that it 
covered an area half as large as the original sheet, that would represent a roughness of 2.) 

The researchers found that systematically increasing roughness led to a proportional increase 
in heat-dissipation capability, regardless of the dimensions of the surface-roughening features. The 
results showed that a simple roughening of the surface improved heat transfer as much as the best 
previous techniques studied, which used a much more complex process to pro-duce nanoscale 
patterns on the surface. In addition to the experimental work, the team developed an analytical mo-
del that very precisely matches the observed results. Researchers can now use that model to 
optimize surfaces for particular applica-tions. 

“There has been limited understanding of what kind of structures you need” for effective heat 
transfer, Wang says. This new research “serves as an important first step” toward such analysis. It 
turns out heat-transfer is almost entirely a function of a surface’s overall roughness, Wang says, and 
is based on the balance between various forces acting on the vapor bubbles that serve to dissipate 
heat: surface tension, momentum and buoyancy . While the most immediate applications would 
likely be in high-performance electronic devices, and perhaps in concentrated solar-power systems, 
the same principles could apply to larger systems such as powerplant boilers, desalination plants or 
nuclear reactors, the researchers say. 

Satish Kandlikar, a professor of mechanical engineering at the Rochester Institute of Techno-
logy who was not involved in this work, says it is “quite remarkable to achieve heat fluxes” as great 
as these “on silicon surfaces without complex micro- or nanofabrication process steps. This 
development opens doors to a new class of surface structures combining micro- and nanoscale 
features.” He adds that the MIT team “should be complimented for this major research finding. It 
will provide new directions especially in chip-cooling applications.” 

Reprint dupa Materials Today. Link to original source. 

 

CTT AVANMAT este entitate re-acreditată prin decizia președintelui ANCS Nr. 9611 din 
18.07.2011 şi membru a Rețelei Naționale de Inovare şi Transfer Tehnologic (ReNITT) şi al Asociației 
Romane de Transfer Tehnologic (AROTT) şi fondator ai inițiativei NANOfutres Romania. 

Pentru orice informații va rugam nu ezitați sa ne contactați. 


