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ORNL research paves way for larger, safer lithium
ion batteries
Eurekalert!
OAK RIDGE, Tenn., Jan. 23, 2013 -- Looking toward improved batteries for charging
electric cars and storing energy from renewable but intermittent solar and wind,
scientists at Oak Ridge National Laboratory have developed the first highperformance, nanostructured solid electrolyte for more energy-dense lithium ion
batteries.
Today's lithium-ion batteries rely on a liquid electrolyte, the material that conducts
ions between the negatively charged anode and positive cathode. But liquid
electrolytes often entail safety issues because of their flammability, especially as
researchers try to pack more energy in a smaller battery volume. Building batteries
with a solid electrolyte, as ORNL researchers have demonstrated, could overcome
these safety concerns and size constraints.
"To make a safer, lightweight battery, we need the design at the beginning to have
safety in mind," said ORNL's Chengdu Liang, who led the newly published study in
the Journal of the American Chemical Society. "We started with a conventional
material that is highly stable in a battery system – in particular one that is
compatible with a lithium metal anode."
The ability to use pure lithium metal as an anode could ultimately yield batteries
five to 10 times more powerful than current versions, which employ carbon based
anodes.
"Cycling highly reactive lithium metal in flammable organic electrolytes causes
serious safety concerns," Liang said. "A solid electrolyte enables the lithium metal
to cycle well, with highly enhanced safety."
The ORNL team developed its solid electrolyte by manipulating a material called
lithium thiophosphate so that it could conduct ions 1,000 times faster than its
natural bulk form. The researchers used a chemical process called nanostructuring,
which alters the structure of the crystals that make up the material.
"Think about it in terms of a big crystal of quartz vs. very fine beach sand," said
coauthor Adam Rondinone. "You can have the same total volume of material, but
it's broken up into very small particles that are packed together. It's made of the
same atoms in roughly the same proportions, but at the nanoscale the structure is
different. And now this solid material conducts lithium ions at a much greater rate
than the original large crystal."
The researchers are continuing to test lab scale battery cells, and a patent on the
team's invention is pending.
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"We use a room-temperature, solution-based reaction that we believe can be easily
scaled up," Rondinone said. "It's an energy-efficient way to make large amounts of
this material."
For information about industry collaboration opportunities, please visit the ORNL
Partnerships website at http://www.ornl.gov/adm/partnerships/index.shtml.
The study is published as "Anomalous High Ionic Conductivity of Nanoporous βLi3PS4," and its ORNL coauthors are Zengcai Liu, Wujun Fu, Andrew Payzant, Xiang
Yu, Zili Wu, Nancy Dudney, Jim Kiggans, Kunlun Hong, Adam Rondinone and
Chengdu Liang. The work was sponsored by the Division of Materials Sciences and
Engineering in DOE's Office of Science.
###
The materials synthesis and characterization were supported by the Center for
Nanophase Materials Sciences at ORNL. CNMS is one of the five DOE Nanoscale
Science Research Centers supported by the DOE Office of Science, premier national
user facilities for interdisciplinary research at the nanoscale. Together the NSRCs
comprise a suite of complementary facilities that provide researchers with state-ofthe-art capabilities to fabricate, process, characterize and model nanoscale
materials, and constitute the largest infrastructure investment of the National
Nanotechnology Initiative. The NSRCs are located at DOE's Argonne, Brookhaven,
Lawrence Berkeley, Oak Ridge and Sandia and Los Alamos national laboratories. For
more information about the DOE NSRCs, please visit http://science.energy.gov/bes/s
uf/user-facilities/nanoscale-science-research-centers/.
ORNL is managed by UT-Battelle for the Department of Energy's Office of Science.
DOE's Office of Science is the single largest supporter of basic research in the
physical sciences in the United States, and is working to address some of the most
pressing challenges of our time. For more information, please visit
science.energy.gov.
Image: http://web.ornl.gov/info/press_releases/photos/battery_JACS.jpg
Caption: ORNL researchers developed a nanoporous solid electrolyte (bottom left
and in detail on right) from a solvated precursor (top left). The material conducts
ions 1,000 times faster than its natural bulk form and enables more energy-dense
lithium ion batteries.
NOTE TO EDITORS: You may read other press releases from Oak Ridge National
Laboratory or learn more about the lab at http://www.ornl.gov/news. Additional
information about ORNL is available at the sites below:
Twitter - http://twitter.com/oakridgelabnews
RSS Feeds - http://www.ornl.gov/ornlhome/rss_feeds.shtml
Flickr - http://www.flickr.com/photos/oakridgelab
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