REM’s are key to military power, but the plan renewable expansion trades off
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Their names sound as if they are part of some science fiction universe: yttrium, dysprosium, samarium, neodymium. They are rare-earth elements (REEs)—little-known but crucial ingredients in much modern US military aerospace technology.
Take lasers. Lockheed Martin is working on a small, high-power laser weapon that the Air Force Research Laboratory wants to test in a tactical fighter aircraft by 2021. Its active gain medium is a flexible optical fiber infused with a rare-earth element such as erbium or neodymium.
Rare-earth elements are widely used in strong, permanent magnets impervious to temperature extremes. They are used in fin actuators, in missile guidance, and control systems; disk drive motors installed in aircraft and tanks; satellite communications; and radar and sonar systems.
As might be expected given their importance to national security, these elements used to come from the United States. From the 1960s to the 1980s, the US was the global leader in rare-earth mining and production.
That is no longer the case.
In recent decades China has become the source of 90 to 95 percent of world rare-earth oxides and the producer of a majority of the globe’s strongest rare-earth magnets.
Many US officials and lawmakers view this situation with apprehension. They are pushing for solutions that range from stockpiling critical minerals to the development of substitutes and the reopening of key domestic mines.
“It’s a very real concern, and it obviously depends on the elements. But we use them for important technologies to keep us all safe,” said CIA Director Mike Pompeo, in response to an inquiry at a May 2017 Senate Intelligence Committee hearing on worldwide threats to the US.
The rare-earth element group consists of 17 minerals. Fifteen are from a chemical group known as the lanthanides; scandium and yttrium are the other two. All share similar geochemical characteristics, generally resembling the chemical makeup of aluminum. Their slight differences in atomic structure give them different optical, electrical, metallurgic, and magnetic qualities. That makes them useful for a wide array of industrial applications.
Despite their name, rare-earth elements are relatively widespread in the earth’s crust. They are about as abundant as some major metals, such as copper and chrome. Even rare REEs are more common than gold.
Their “rarity” stems from that fact that they are found in low concentrations, up to a few hundred parts per million by weight, at most. That makes it difficult and thus expensive to separate them from surrounding substances into useful products. Development and construction of large-scale rare-earth element recovery infrastructure can take a decade or longer.
While unfamiliar to most Americans, REEs are vital components for a wide array of industries. Their unusual physical and chemical properties produce valuable effects when small amounts are combined with other minerals.
According to a US Geological Survey, yttrium, europium, and terbium are used to make phosphors—substances that emit luminescence—for the flat panel display screens that are ubiquitous in modern electronics. The glass industry is a large user of rare earths for polishing and to provide color and special optical qualities to finished products. Digital camera lenses can be up to 50 percent lanthanum.
REEs are used as catalysts in the production of petroleum and in automotive catalytic converters. They help make lighter flints and fluorescent light bulbs. But their fastest-growing use, and the one arguably most important for US national security, is in lightweight, strong, durable magnets.
“Exceptionally notable is how REE alloys revolutionized the magnet trade and subsequently enhanced the products of all other businesses relying on that industry,” wrote USAF Lt. Col. Justin C. Davey in a 2011 Air War College report. The magnets, and by extension the elements, are now common in consumer electronics and indispensable for many defense applications.
Samarium-cobalt magnets are more resistant to demagnetization than those made from any other material. This quality—called high coercivity—means high temperatures do not make them lose magnetic strength. That makes them the best choice for many military applications, according to Davey.In contrast, neodymium-iron-boron magnets are incredibly strong and light. By weight they are almost 10 times more powerful than traditional ferrite magnets. That makes them ideal for use in the tiny electronic components such as disk drives that have helped make possible decades of computer-driven innovation.
The world’s push for renewable energy sources may only increase the demand for non-renewable REE magnets. A Toyota Prius, for example, uses about two pounds of neodymium in its hybrid power system. Wind turbines need lots of neodymium—new models use up to two tons of neodymium magnets.
The Department of Defense is not a major user of rare-earth elements, relatively speaking. Defense accounts for about five percent of US consumption, according to a Congressional Research Service background report on the subject. But REEs are integral to a vast array of Pentagon weapons and general equipment.
Flat screens and hard drives are pervasive in the military, from office computers to combat aircraft, ships, and vehicles. Missile guidance and control motors and actuators depend on small, powerful rare-earth magnets. If it were not for them, precision-guided weapons such as the satellite-guided Joint Direct Attack Munition would require much bulkier and more expensive hydraulic systems.
The generators that produce electrical power for aircraft all contain samarium-cobalt magnets. The stealth technology that produces white noise to help conceal the sound of helicopter rotor blades uses such magnets as well. F-22 tail fins and rudders move due to motors with powerful, miniature REE magnets. Electronic warfare jamming devices use rare-earth materials, as do laser targeting systems and nascent laser weapons.
Each stealthy F-35 strike fighter requires 920 pounds of rare-earth material, according to DOD. Each Arleigh Burke DDG-51 destroyer requires 5,200 pounds. An SSN-774 Virginia-class submarine needs 9,200 pounds.
The ability of US contractors to quickly make use of technological innovations and translate them into high-quality military systems is a pillar of the nation’s defense. Given that, the Pentagon is likely to become even more dependent in the coming years on high-tech magnets, motors, lasers, computers, and electric-drive systems that use rare-earth materials.
But as noted above, the US itself no longer produces rare-earth ore or processes the substance at early points along the supply chain. Virtually all comes from China.
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