
data on student learning—findings that
can then be applied to improving 
the on-campus educational experience,
says Agarwal. 

A large number of students taking
MOOCs live in developing and emerg-
ing countries. In those regions,
“MOOCs can have a big and important
impact,” says Fernando Quevedo, direc-
tor of the Abdus Salam International
Centre for Theoretical Physics in Trieste,
Italy. This year the center will post lec-
tures online from its recently disbanded
Diploma Programme in Basic Physics,
which brought underprepared post-
graduate students from developing
countries up to speed for entrance into
math and science PhD programs.
Quevedo has commissioned a resident
scientist at the center to evaluate
MOOCs as replacements for that
diploma program. “I’m a big fan of put-
ting course content online,” he says. “It
would be unwise to have the technology
available and not exploit it.”

Some physics educators see MOOCs
as a possible substitute for lectures in
the “flipped classroom” model, which
serves up lectures online and reserves
class time for activities and problem
solving. Last fall UT Austin particle
physicist Sacha Kopp, who has submit-
ted two course proposals for the edX
platform, taught a flipped Introduc-
tion to Modern Physics course to some
300 physics majors. Prior to class, stu-
dents were expected to watch a set of
learning modules—lectures that Kopp
says he videotaped at his kitchen
table—and answer a set of questions.
In class, Kopp would briefly review
the module material, administer
quizzes, and facilitate small-group
problem-solving sessions. 

“The flipped classroom was a wel-
come change because it solves the 
problem of not immediately under-
standing the material during a lecture,”
says Kopp’s student Evan Ott. “We
could rewind the online lecture [and
read] the in-class notes online” after
class. Classmate Allyson Rice says the
problem-solving sessions in class ad-
dressed her biggest complaint with tra-
ditional physics courses, that “there’s so
much time spent in class deriving equa-
tions.” The convenience of the online
lectures was “nice,” she adds, “but, for
me, I don’t think they made much of a
difference.” 

New technology, same goals
“All these ideas about the value of having
students watch lectures online are based
on an antiquated view of learning” that
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The newly created Critical Materials
Institute at the Ames Laboratory
has the goals of expanding the sup-

ply and minimizing the use of rare-
earth metals and other scarce elements.
The CMI, whose participants include
three other Department of Energy labs,
US universities, and suppliers and end
users of the elements, was selected from
among proposals submitted in re-
sponse to a 2012 DOE solicitation (see
PHYSICS TODAY, July 2012, page 28).

Located at Iowa State University, the
DOE-owned Ames Laboratory has a
history of materials R&D and a partic-
ular specialty in rare-earth elements.
The fifth of DOE’s “energy innovation
hubs,” the CMI is scheduled to receive
$120 million in federal funding over
five years.

Rare-earth metals and other critical
elements, such as germanium, tellurium,
and platinum, are essential in a wide va-

riety of electronic, energy, environmen-
tal, and military applications. In recent
years consumption of the materials has
grown rapidly along with demand for
items such as flat- panel displays, hybrid
vehicles, and clean- energy technologies.
Supply from outside China has been
slow to respond, due largely to the lack
of investment and long lead times to
bring new mines into production. The
result is that China has gained a near-
 monopoly on the supply of rare-earth
metals (see PHYSICS TODAY, May 2010,
page 22).

In a 2011 report, DOE identified five
rare-earth elements whose supply
could affect clean- energy- technology
deployment in the coming years:
neodymium, dysprosium, terbium, eu-
ropium, and yttrium. 

Alex King, director of Ames and the
new institute, says that one of the CMI’s
objectives is “to make mining a viable

Iowa lab gets critical materials 
research center

The DOE hub is set to be the largest R&D effort toward alleviating the
global shortage of rare-earth metals.

The plasma torch in the
Retech plasma furnace 
is one tool used in the 
materials preparation center 
at the Ames Laboratory to 
create ultrapure metal alloy
samples, particularly of 
rare-earth metals.
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has been discredited by physics educa-
tion research, says physics Nobel laure-
ate Carl Wieman, who has served as
chair of the Board on Science Education
at the National Research Council. “Any
sort of authentic measures of learning of
expertise, such as testing students’ abil-
ity to apply a physics concept in a new
context, [will show that] lectures, no
matter how entertaining and demon-
stration filled, result in dismally small
amounts of learning.”

But if done right, “online education
can easily be more educational than 
current on-campus education,” says

Pritchard. “If you really want to experi-
ence distance learning, sit in the back of
a large lecture hall.” In contrast, he notes,
“online learning can be easier to individ-
ualize, and it can be more interactive.” 

All the MOOC platforms have a long
way to go, says Mike Sokolsky, Udacity
cofounder and chief technology officer.
For its part, Udacity is hiring new staff
and tweaking its discussion forums to
make them “feel much more collabora-
tive” than the on-campus experience.
“We’re still very much experimenting
with what MOOCs should be.” 

Jermey N. A. Matthews
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option no matter where alternative 
resources exist. We want to get away
from having just a single source of any
material, including rare earths, and
mines must be able to survive on a
straightforward economic basis, under
whatever constraints they have to op-
erate.” He notes that Molycorp, a CMI
member and operator of the only US
rare-earth mine, must function under
California’s very strict environmental
requirements. Part of the Ames center’s
mission will be to help mines and 
material processors meet regulatory 
requirements at the lowest cost.

Switching magnets
The CMI also will be looking for sub-
stitute materials that don’t require rare
earths or that minimize their use. King
cautions that finding replacements
with the desired properties won’t be
easy, but he cites one instance in 
which substitution notably succeeded:
Today’s neodymium iron boron perma-
nent magnets, used in hybrid electric
vehicle motors, computer hard drives,
wind turbines, and other applications,
were first developed in response to a
near cutoff in the world supply of
cobalt in the 1970s following a revolt in
what was then Zaire. “We were able to
substitute [NdFeB] to take the place of
samarium cobalt, which was then the
best magnet in the world,” King says.
“We’re trying to do that trick once
again, invent a new material that will
take the place of [NdFeB] and have
equivalent properties.”
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If a magnet made without NdFeB
doesn’t perform as well, other compo-
nents will have to be redesigned around
that magnet, King says. “If it is in a
motor, the motor needs to be redesigned.
If it’s in a loudspeaker, the loudspeaker
has to be redesigned.” 

General Electric, a CMI member,
uses rare earths in its lighting, health-
care, energy- generation, wind- turbine,
 nuclear- fuel, and other products, says
Steven Duclos, senior scientist at GE
Global Research. The company uses 72
of the first 82 elements of the periodic

table, he notes, and rare earths are “very
high on our list of materials that exhib-
ited a lack of availability.”

For materials recognized as being
at risk, mitigating measures include
“manufacturing more efficiently, mak-
ing sure we have the capability of re-
cycling materials out of the product 
at end of life, ensuring we have more
avenues for doing substitutions, and
working with the sources we have for
these materials,” Duclos says.

Improving the extraction of rare
earths from crushed rock will be one of

A vacuum induction furnace at Ames
Lab being used to distill a rare-earth
metal. The red induction coil surrounds
a quartz vacuum tube. The glowing
cylinder at the top is the condenser,
which collects the metal.
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the CMI’s focus areas. “We’re going to
be engaged in some very high-end
chemistry, chemical computation, and
lab testing techniques to improve the
separation of rocks,” says King. “Then
there are increasingly sophisticated
kinds of chemistry involved in separat-
ing rare earths from the rocks in which
they’re embedded.”

Beyond rare earths
The CMI hopes to resolve rare-earth is-
sues “in reasonably short order,” King
says, and move on to other “near-
 critical materials,” such as lithium. De-
mand for the light metal is expected to
soar with the production of  lithium- ion
batteries for electric vehicles.

Other research efforts around the
world address specific critical element
challenges. Recovering and recycling
precious metals is the focus of an inter-
national collaboration of researchers at
the University of York, the University of
British Columbia, and Yale University.
Andrew Hunt, a chemist at York, says
the three-year project, funded by the 
G-8 nations’ Research Councils Initiative
on Multilateral Research Funding, is 
exploring the use of phytoremediation
to recover  platinum-group metals from
in-ground or aqueous waste streams
such as mining and electronic wastes,
landfills, and wastewater.

The research involves increasing the
uptake of metals by plants that are then
harvested and converted to a  charcoal-
like material. The carbonized matter
containing the metals is then used di-
rectly to catalyze carbon–carbon bond
formation employed widely in the
pharmaceutical industry. Much of the
research is devoted to finding plant
species that are fast- growing “ hyper-
 accumulators” of the metals, and inves-
tigating the biological routes of metal
uptake. Although  platinum-group met-
als and gold are the initial focus, Hunt
says that the collaboration also hopes to
broaden into the recovery of rare earths.

The development of permanent
magnets not containing rare earths is
the focus of numerous US and interna-
tional research collaborations. Several
of those focus on the use of manganese
composites. 

King says Japan has several ongo-
ing efforts. “Early on it created a pro-
gram that it called urban mining,
which is actually a recycling program.
They’re mining scrap heaps.” Japan-
ese appliances like refrigerators and
air conditioners have rare-earth mag-
nets in their motors, and recycling
those rare earths is part of the pro-

The Nuclear Regulatory Commission
(NRC) was set to issue a final rule re-
quiring physical protections for

“byproduct materials”—highly radioac-
tive elements that might be used to make
a dirty bomb—as PHYSICS TODAY went to
press. Produced in nuclear reactors and
accelerators, the materials are widely
used in hospitals for radiotherapy and in
irradiators for both research and treating
blood for transfusions. High-activity iso-
topes for medical applications include
 cesium-137,  cobalt-60,  iridium-192, and
 strontium-90.

 Cesium-137 in the form of cesium
chloride is considered particularly at-
tractive to terrorists because of its 
fine- powder consistency, penetrating
gamma radiation, and widespread
availability in lightly guarded settings
such as hospitals, blood banks, and
universities. Experts have warned that
a radiological dispersion device—a
dirty bomb—could render a large por-
tion of a city uninhabitable for long 
periods and create widespread panic
and economic havoc. Considerable

contamination could be accomplished
simply by dispersing CsCl from a tall
building or airplane.

The new NRC rule would establish
regulations for physical protection
measures, fingerprinting, and back-
ground checks. The rule is designed to
replace security orders that the NRC
has issued since 9/11 to cover many
types of radiological materials. Unlike
rules, orders take immediate effect, are
issued with little or no input from stake-
holders, and apply only to the licensees
to whom they are issued. A rule will
apply uniformly to all current and fu-
ture licensees of the materials.

Originally approved by NRC com-
missioners in March 2012, the rule
makes numerous changes to the or-
ders, such as requiring that individuals
who are deemed “trustworthy and re-
liable” by the facility management
complete certain security training and
mandating that each licensee review its
access programs at least once a year.
The Office of Management and Budget,
which reviews all new regulations, as-

New requirements in 2014 will formalize the controls on radiological
sources that have been implemented since the 11 September 2001
terrorist attacks. 

gram. And Japan’s National Institute
for Materials Science has created a
program for advanced strategic mate-
rials that’s comparable to some of the
research at Ames, he adds.

An opaque market
A critical materials initiative begun 
last year at Curtin University in Perth, 
Australia, will focus on advising gov-
ernments and industrial clients on what
lies ahead for the supply and prices for
rare earths, says its head, Dudley
Kingsnorth, a widely recognized au-
thority on the metals. “We can put a 
virtual team together which can look at
all the steps in the supply chain. Then
we can assess the economic and techno-
logical barriers for a company to be 
independent of China in the case of rare
earths.” 

Due to China’s dominance of rare
earths, little information about supply is
publicly available, and the sector can 
be volatile. China halted rare-earth 
shipments to Japan in 2011. As a result,

prices surged for permanent magnets
and electric motors used in hybrids and
wind turbines. And the popularity of
iPods and mobile tablets created a sud-
den unforeseen demand for cerium,
which is used to polish the high-quality
glass screens. 

As new mines continue to come on
line in the US, Australia, Malaysia,
India, and Kazakhstan, China’s share
of the rare-earth supply will decline
from a high of 95–97% in 2010 to 
70–75% over the next three or four
years, Kingsnorth predicts. Many of
the heavier rare-earth elements, no-
tably dysprosium, terbium, europium,
and yttrium, are expected to remain
scarce and expensive, however, with
no new production expected for at
least six years. The latter three are used
in lighting phosphors. Fluorescent
lamps, already segregated from other
wastes due to their mercury content,
offer a promising opportunity for 
recovery and recycling.

David Kramer

Tighter security ahead for nuclear
materials in health care


