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About This Presentation
• Rare Earth Elements (REEs) are normally discussed as a 

group in the literature because they are often found together in 
ores, have some shared chemical properties, and are processed 
together to separate out the individual elements. 

• Wherever possible, I have attempted to find data specifically 
about Praseodymium (Pr) and Neodymium (Nd), or at the 
least, “light” REE (LREE) elements, of which Pr and Nd are 
a part and are co-present with in ores.  

• While the US originally produced the majority of the world’s 
REEs out of Mountain Pass mine in California in the 1960’s 
through the 1990’s, it was shut down in 1998 due to ongoing 
environmental issues1. 

• The more recent sustainability information for Pr and Nd
—not to mention the most relevant, as NdFeB magnets were only 
invented in 1982—now centers around China, which had a 
virtual monopoly on REE production for many years, and 
today still contributes the over half of REE mining and the 
majority of REE processing. 

• In particular, the Bayan Obo mine in Inner Mongolia, which will 
be discussed in this presentation, has been a primary source of 
Pr and Nd production to date. (Note this situation is in contrast to 
other elements like copper, where there are many mines are spread 
throughout the world.)  

• More recently, the Mountain Pass REE mine in California reopened in 
20171, and new mines such as Mount Weld in Australia (which 
opened  in 2011) have come online.  These, and other future mines, 
will contribute to the REE sustainability story going forward.  
But they, too, do and will face similar difficult sustainability 
challenges to that of China, as you’ll see in this presentation.

• One of the challenges with researching sustainability issues in 
China is the lack of information.  As the REE LCA researchers, 
Klingelhöfer et al stated in 202227, “The exploitation of REEs is still in 
the hands of a few countries, first and foremost China. Therefore, 
obtaining data is difficult for independent and open- ended research is 
difficult, which is necessary for research on the environmental and 
health risks of REE use and production.” To that end, this 
presentation relies also in part on the personal stories collected 
by journalists and activist groups to help tell the Pr and Nd 
sustainability story.

https://creativecommons.org/licenses/by-sa/4.0/?ref=chooser-v1


Global Neodymium and Praseodymium Mining and Processing: Environmental and Social Impacts © 2023 by More Than Sustainability is licensed under CC BY-SA 4.0 

Neodymium and Praseodymium: Chemistry and Ores
• Unlike copper—which has been mined and used by humans for 

thousands of years—praseodymium (Pr) and neodymium (Nd) 
are relatively new to human use, having only been discovered 
in 18852 after originally being thought to be one element. 
Praseodymium means “green twin” in Greek, and neodymium 
means “new twin”2  

• The most common use today of Nd (and Pr as well)—
permanent magnets—was invented in 19823

• Nd and Pr are in the lanthanide series of the periodic table, 
and in particular are part of what are called the “light” rare 
earth elements (LREEs)4. The entire lanthanide series (which—
plus yttrium and sometimes scandium—are known as the Rare 
Earth Elements (REEs))

• The REEs differ from other metals in that their valence occurs in an 
inner subshell rather than the outermost one4.  This gives the 
REEs unusual and useful chemical and physical properties, 
such as unique magnetic and/or optical properties5, but this 
same structure also makes them very difficult to separate 
from each other4

• Interestingly, despite their name, all REEs—except 
promethium—are not particularly rare6

• REEs are usually found together, but never in a pure form—
rather in combined mineral ores. “Metals like gold and copper 
are generally found clustered together in massive, readily-exploitable 
deposits, however, the geologic chemistry of rare earths tends to 
result in sparse distribution within mineral deposits”3

• The two most common ores containing Nd, Pr and other 
LREEs are bastnäsite and monazite7. Pr is present in smaller 
quantities than Nd in these same ores

• Overall, lanthanum (La) and cerium (Ce), along with Pr and 
Nd, are the four most typical elements in a LREE deposit, 
comprising 80-90% of the total mass7.  These must then be 
separated from other elements—and from each other—during 
processing

• While there are over 200 different types of REE ore, bastnäsite, 
monazite, and xenotime (which contains heavy REEs) constitute 
almost 95% of the world’s REE reserves8  
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China Mines and Produces the Majority of the World’s REEs

• As of 2017, while REE deposits had been found in 
34 countries, only 6 at that time were (formally) 
actively mining REEs8  

• Most recently, Nd (and other REE) mining has 
been dominated by China (see graph)9 

• Despite the Chinese share of mining of REEs 
overall falling from 92% in 2010 to 58% in 2020, as 
of 2021 China was still responsible for 85% of 
the refining of REEs10
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Nd and Pr: From Ore to Magnet
● REE ore contains anywhere from 0.1-12% REEs, but each 

element needs to be processed to 98-99.99% purity11 for most 
applications including electronics

● Permanent magnets today are usually made of a combination of 
(primarily) Nd, Iron (Fe), and Boron (B), called NdFeB magnets for 
short 

● PrFeB magnets perform nearly as well12, and the addition of Pr may 
increase the magnet’s resistance to corrosion3. But pure PrFeB magnets 
are unlikely to be produced because Pr is less abundant than Nd12 

● In practice, a combination of Nd and Pr is used in magnets for 
applications where the cost and effort of separating them is not 
required13  

● Overall, Nd likely the most critical REE in the future12, because 
of its unique, hard-to-substitute14 contribution as permanent 
magnets to the functionality of electronics, wind turbines, and 
hybrid vehicle batteries.  Pr, conversely, is not generally considered a 
critical element12

A summary of the production process for Nd26
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Processing Requirements and Risks
● To give you a sense of the input materials involved in this 

processing, at Bayan Obo, a primary LREE mining site in 
China, it’s estimated that the extraction of 1 ton (t) of 
REE requires:
● 4.41 t of sulfuric acid
● 12.32 t of sodium chloride
● 1.64 t of sodium hydroxide
● 1.17 t of hydrochloric acid
● 1.90 t of water, and 
● the grinding of almost 50 t of mineral ore1

● Some of this chemical processing is done outside in the 
environment, in what is called a tailings lake

● Because rare earths are extremely similar chemically, 
they tend to stick together, requiring a complex and 
expensive process generating large quantities of waste1  

• Another serious problem* unavoidably exists for processing bastnäsite and 
monazite ores: the ores are regularly are found in combination with 
Uranium (U) and/or Thorium (Th), radioactive elements that are in 
quantities too low to be economically extracted but high enough to 
present a danger to humans exposed to them15,16,2 . These radioactive 
elements are present in the ore until the later stages of refinement

• For example, the tailings lake for Bayan Obo—which processes ores 
and stores mining waste, and is about three times the size of Central 
Park in NYC17—is estimated to contain 70,000 tonnes of thorium18  

• The newly reopened Mountain Pass mine in California also mines 
LREE ore mixed with radioactive elements. In fact, it was originally 
closed in 1998 after US federal investigation found that 60 spills—some 
unreported—occurred between 1984 and 1998, and in all, about 600,000 
gallons of wastewater containing thorium flowed onto the desert floor19.  

• For its reopening, more controls have been put in place at Mountain Pass to 
try to manage these risks. But even at the newer facilities, the tailings lakes, 
which continue to grow as mining continues, have a high potential 
for environmental damage should accidental releases occur15.
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Sustainability Concerns for Nd and Pr

• Although this is evolving as other countries begin and ramp 
up more REE mining, geopolitical risk—namely, China’s 
virtual monopoly on REE mining and processing—has 
been the biggest overall risk associated with REEs20. 

• In the opinion of a BBC reporter, “Arguably, what makes 
neodymium, and cerium, scarce enough to be profitable are 
the hugely hazardous and toxic process needed to extract 
them from ore and to refine them into usable products… It 
could be argued that China’s dominance of the rare 
earth market is less about geology and far more about 
the country’s willingness to take an environmental hit 
that other nations shy away from.”22

According to the Responsible Minerals Initiative’s Material 
Change report, REEs have above average sustainability risks 
in being mined and produced in countries with weak rule of 
law, countries experiencing corruption, as well as having 
very strong preconditions for radioactive materials in ores 
and tailings.21. 
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Because China features 
so predominantly in all 
REE production—
including Nd and Pr 
—most of the 
sustainability impacts 
in recent years have 
come from China, and 
in particular, from the 
primary LREE mining 
site at Bayan Obo18 

Bayan Obo, Inner 
Mongolia, China28
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LREE Mining and Processing at Bayan Obo, Inner Mongolia, China

• The Bayan Obo mine accounted for 45 percent of the 
world’s rare earth production in 20191, which 
includes the production of both Nd and Pr. 

• After being mined in the mountains, excavated materials are 
then transported to a massive outdoor tailings “lake” in the 
city of Baotou. Here, other chemicals are added to the lake, 
consisting of black sludge 20m deep,23  to begin to extract 
the REEs24. It is also where the remaining waste materials 
are permanently stored. 

• Unfortunately, the tailings lake was not built on an 
impermeable layer18 now present at more regulated mining 
sites, but risks would exist regardless. The lake 35m 
above the Yellow River15, and the entire area is 
situated on an active fault zone18. And as stated before, 
the tailings lake contains significant amounts of radioactive 
thorium18, and emits solvents vapors like sulfuric acid into 
the air23

• The leakage of the tailings lake into the ground are almost 
certainly the cause of local “cancer villages”18.  A local farmer tells 
that in the late 1980s, goats and horses started to develop odd 
growths, only then to die suddenly.  Later, the men and women 
developed issues with their jaws, and too, began to fall severely ill and 
be ultimately diagnosed with cancer. He mentioned that in one 
nearby village, 30-40% of the villagers got cancer18

• Over time, the Chinese government has been more publicly 
admitting to the environmental damage caused by REE mining and 
processing. Interestingly, China implemented a tax on the export 
of rare earths in 2011, stating that the reason for the resulting 
limited exports was to conserve a limited resource and to 
reduce mining pollution; however the World Trade 
Organization ruled against China in 2014 and subsequently 
the tax was repealed2
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The Unclear Impacts of REEs Directly on Environmental and Human 
Health

● Given the co-presence of radioactive elements during the mining and some of the processing steps for many REE ores, 
there are clear negative effects on humans and the environment. However, to what extent the impacts are from the 
radioactive elements, the REEs themselves, or the chemicals used to process them (especially outdoors in tailing ponds) 
is unclear. 

● Scientists note there is a lot we don’t know yet formally about the direct impact of REEs themselves (which may be released into 
the environment during mining and processing) on human and other life, as REEs are relatively new elements in widespread 
human exposure and use.  

● In the health research, REEs are often considered to be emerging chemicals, and “like most emerging chemicals: 
● (1) they are currently unregulated in humans and the environment, 
● (2) they are not routinely monitored in environmental and public health programs, 
● (3) they are micropollutants detectable with analytical equipment with very low detection limits; and 
● (4) their mechanisms of environmental and human toxicity are poorly understood”29.  

● Over time, we may discover more risks directly related to REE exposure during mining and processing
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Benefits from Recycling Neodymium and Praseodymium 

● REEs have what is called the “balance problem”, where large quantities 
of less desired REEs (such as La and Ce) have to also 
processed/produced in order to isolate the more desirable REEs like 
Nd. By targeting Nd and Pr in secondary production (e.g. through 
recycling end of life devices), the balance problem could be reduced31 

● Recycling of REEs has the potential to reduce sustainability 
impacts: data indicates roughly a 60% reduction in 
environmental burdens through recycling for rare earths30.  See 
the diagram for a comparison between REE primary and secondary 
production impacts

● For NdFeB magnet-to-magnet recycling (based on a study for 
electric motors), the benefits are significant, estimated at 64-96% 
in various environmental categories25
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Summary

● Unlike an element like copper—which has been mined and used by humans for thousands 
of years—praseodymium (Pr) and neodymium (Nd) are relatively new to human use, and 
some of their sustainability impacts are still being discovered

● Pr and Nd, like the other rare earth elements (REEs), have unusual (and useful) chemical 
and physical properties, but these same properties also makes the REEs very difficult to 
separate from each other

● As such, REE production is complex, expensive, and generates a massive amount of 
dangerous waste; most of which (like in many mining operations) is stored outside in what 
are called tailings lakes

● In addition, most ores with Nd and Pr are co-present with radioactive elements, which 
present significant human and environmental health risks

● Unlike many other metals, there relatively few mines producing REEs like Nd and Pr; 
most mining still comes out of China, and the majority of production happens there

● Bayan Obo in China mines and produces of a large amount of the world’s Nd and Pr 
supply, even as other countries’ mines come online.  Unfortunately it also has an extremely 
poor environmental record, including being connected to the creation of local “cancer 
villages” 

● Recycling Nd and Pr offers great promise in helping reduce environmental and human 
impact
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Thank you
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