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It is with great pleasure that we 
announce the availability of this 
latest issue of the IPMI Journal, 
a publication of the International 
Precious Metals Educational and 
Scientific Foundation. This digital 
peer reviewed publication has been 
created as a vehicle for the sharing 
of technical information related to the 
science and technology of precious 
metals.

Since 1976, the International 
Precious Metals Institute has 
championed the exchange of 
information of critical importance to 
the precious metals scientific and 
commercial communities through its 
various communications vehicles. 
This has included instructional 
videos, annual conference 
symposia, special topic committee 
meetings, regional seminars, 
and professional and student 

achievement awards. Due to the 
breadth of important topics related 
to all aspects of precious metals, it 
has been the vision of the IPMI to 
provide a publication available to the 
general public that would become 
a key source of pertinent topics 
containing high quality publications 
by experts in their fields of study.

Historically, the IPMI has attracted 
world renowned experts in many 
fields (including Nobel Laureates 
Henry Taube, Ei-ishi Negishi, 
Robert Grubs, Professor Ben 
Feringa, and David MacMillan) in 
the dissemination of discoveries, 
inventions, and industry proven 
practices. Such information has a 
total value greater than the sum 
of its parts as seemingly unrelated 
innovations from distinct focus 
areas can be adapted to solve 
problems. Because of this important 

characteristic of information 
exchange, we have decided to 
create a digital journal, available 
to the general public, that will not 
only communicate state of the art 
discoveries and sound practices, 
but will also review historical 
communications from the IPMI’s 
archives that have value and use 
even in today’s environment.

On behalf of the members and 
leaders of the IPMI, we hope you will 
find value in this new publication.

Dr. Corby G. Anderson, co-editor
Dr. Robert M. Ianniello, co-editor
Mark Caffarey, co-editor
Lou Britton, co-editor

FOREWARD

The IPMI Journal - A Publication of the International Precious Metals Educational and Scientific Foundation - https://ipmi.org 3



At BASF Environmental Catalyst and Metal Solutions, 
we empower our customers with the services they need to 
succeed in these volatile precious metal markets by offering 
access to:

•  Global trading & hedging services

•  Trusted and transparent catalyst recycling and refining

•  World-renowned, ISO17025 certified assay lab

•  An extensive Precious Metal Chemicals portfolio

•  Industry-leading technical experts in every region

Learn more and contact us here:  
basf-catalystsmetals.com

Protecting our 
elements of life.

Environmental Catalyst 
and Metal Solutions

https://www.catalysts.basf.com/pgm
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In 1976, the International 
Precious Metals Institute, Inc. 
(“IPMI”) was founded to promote 
the development of precious 
metal science and technology. 
Over the past 49 years, the 
IPMI has provided its members 
with an extraordinary body of 
technical and educational work 
and an exceptional series of 
technical videos. The IPMI 
has also recognized leaders 
in the industry and academia 
and students through its long 
standing Awards Program. This 
recognition and financial support 
for continued dedication and 
research in the field of precious 
metals is a cornerstone of the 
IPMI and owes its support to 
generous sponsorships and 
endowments.

In 2019, the IPMI made a 
fundamental structural change 
by reorganizing IPMI into a 
trade association to focus on its 
membership and the needs of 
the precious metal industry. At 
the same time, IPMI preserved 
its scientific and educational 
roots by renaming its original 
organization the International 
Precious Metals Educational 

and Scientific Foundation (the 
Foundation).

The Foundation will continue 
IPMI’s charitable activities by 
focusing on its long-standing 
Student and Industry Awards 
Program and by continuing 
to promote the science and 
technology of precious metals as 
its primary mission. This Journal 
of the International Precious 
Metals Institute is a cornerstone 
project of the Foundation.

Another of the Foundation’s 
primary goals will be to expand 
its fundraising activities to ensure 
the long term sustainability of its 
educational and scientific work, 
including new and expanded 
initiatives, such as the student 
internship program, designed 
to attract a new generation of 
trained professionals to the 
precious metals industry.

On behalf of both the IPMI and the 
Foundation, I want to personally 
thank our Board of Directors, 
Awards Committee, corporate 
sponsors, donors, and the 
benefactors of our endowments 
for their continued hard work, 

support, and dedication to our 
mission.

I would also like to thank Dr. Corby 
Andersen, Dr. Bob Ianniello, 
Lou Britton, and Mark Caffarey, 
who are the co-editors of our 
Journal. Their research through 
our historical treasure trove of 
technical papers has produced 
an extremely important and 
relevant body of work. Special 
thanks to all the authors of the 
papers in this sixth issue. It is 
through work like yours that the 
industry has continued to grow 
and improve technologically. 
And lastly, thank you to the 
sponsors of this publication. 
Because of your generosity, the 
net proceeds of the Journal will 
go directly to the Foundation and 
help provide continued support 
for our programs.

Larry Drummond
Executive Director

THE INTERNATIONAL PRECIOUS METALS 
EDUCATIONAL AND SCIENTIFIC FOUNDATION
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A Review of Platinum Group Metal Production From US sources 

 
Matt C. Mettler,1 Ines A. Flores Aroni,1 Corby G. Anderson,1 Kaustubh Mungale,2 and 

Mariappan Parans Paranthaman2 

 
1Kroll Institute for Extractive Metallurgy, Mining Engineering Department, Colorado School of 

Mines, Golden, CO 80401, USA 
2Chemical Sciences Division, Oak Ridge National Laboratory, Oak Ridge, TN 37830, USA 

 

Abstract 

U.S. platinum-group metals (PGMs) production remains modest relative to domestic 
demand but strategically important for automotive emissions control, chemical processing, and 
emerging hydrogen applications. After a brief literature survey of market structure and policy, this 
review presents case studies of current operations of Sibanye-Stillwater’s Stillwater–East Boulder 
(MT) and by-product recovery linked to the Eagle Mine (MI), followed by prospective projects 
including Twin Metals Minnesota, NewRange Copper Nickel, and the Tamarack (Talon Metals) 
project. Contextual statistics highlight scale and reliance: in 2024, world mine output was 
approximately 190,000 kg palladium and 170,000 kg platinum; U.S. mine production accounted 
for roughly 8,000 kg Pd (~4%) and 2,000 kg Pt (~1%), leaving the United States ~36% import 
reliant for palladium and ~85% import-reliant for platinum on an apparent consumption basis. 
Recycling statistics show approximately 120,000 kg of palladium and platinum were recovered 
globally from scrap in 2024, including about 45,000 kg Pd and 8,500 kg Pt from U.S. automobile 
catalytic converters, evidence that domestic secondary supply already plays an outsized role. 
Across cases, the paper distills practical constraints (refining access, assay/settlement lag, 
logistics) and identifies actions that could materially strengthen U.S. PGM availability over the 
next decade without presuming large greenfield mines. 
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1: Introduction 

The scope of this review article is to provide a summary of domestic USA PGM deposits, 
beneficiation, refining methods, and capabilities, with a focus on mining operations. Platinum 
group metals (PGMs) include platinum (Pt), palladium (Pd) rhodium (Rh), ruthenium (Ru), iridium 
(Ir), and osmium (Os). Their unique properties, such as high melting points, biocompatibility, 
corrosion resistance, and high specific catalytic activity make them essential for a variety of 
industrial, defense and medical applications. These elements have similar chemical and physical 
properties and are exceedingly difficult to separate.  

The three most abundant and industrially used PGMs are platinum, palladium, and rhodium. There 
are a limited number of primary PGM mines, and they are often found around the world as a 
secondary product. Most primary Pt and Pd mines reside in South Africa and Zimbabwe [1]. The 
largest producer of PGMs since 1920 has been the Bushveld Complex in South Africa, with around 
77% of the world’s Pt supply and 41% of the world’s Pd supply in 2010 [2]. The minor PGMs 
(Rh, Ru, Ir and Os) are only extracted as by-products, and there is no primary deposit source. 
Figure 1 details the sources of five of the most consumed PGMs. Since PGMs are often found in 
nickel and copper sulfide ores, they can also be extracted as a secondary product in association 
with other mines.  

 

Figure 1. PGM market supply from primary and secondary sources in 2023 [1]. 

 

The United States is the 5th largest PGM producer in the world, but still stands at only a 
fraction of South Africa’s production [3]. In 2022, the total global supply of platinum was 224.3 
tpy (i.e. tonnes per year) , which was a 13.9% decrease from the previous year [4]. For palladium, 
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the total global supply was around 300 tpy and has been stable for the last 8 years. Rh, Os, Ru, Ir, 
each had a global supply of 21.4 tons, 0.5 tons, 23.4 tons, 6.8 tons, respectively. Domestically, 
there was 10,000 kg of palladium and 3,000 kg of platinum produced from mining [5]. While 
domestic consumption increased by 8,000 kg in 2023, the increase in global supply drove the price 
down. Overall, the estimated annual average price for PGMs in 2023 decreased, by 51% for 
rhodium, by 30% for palladium, and by 19% for ruthenium when compared to average 2022 prices 
[5].  

For the United States, the low domestic concentration translates into chronic import dependence 
and a supply-demand deficit. In 2024, the only significant domestic mine, Sibanye’s Stillwater-
East Boulder complex in Montana, produced about 426,000 oz of combined platinum and 
palladium, which makes up only 7% of U.S. consumption [6]. Even robust recycling at its 
Columbus refinery (~ 316,000 troy ounces of PGMs recovered from spent catalysts) is not enough 
to bridge that gap. The nation remained 83% import reliant for platinum and 37% for palladium in 
2024, according to the latest USGS Mineral Commodity Summary [7].  

Federal policy is pushing hard in that direction by providing massive amounts of funding for 
mining, tailing-reprocessing and recycling projects that could shorten PGM supply chains [8]. In 
2022, The U.S. Secretary of the Interior included all of the PGMs in its list of critical minerals [9]. 
This list includes elements that are considered essential to the economic growth or national security 
of the United States; that have a supply chain vulnerable to disruption; and that serve an essential 
function in the manufacturing of vital industrial products. 

1.1 PGM applications and global production  

PGMs are used in a wide variety of products and industries, from computer screens to 
automobile airbag deployment mechanisms and cancer treatments [10]. Since 1979, the highest 
usage of PGMs is for catalysts used in catalytic converters in cars to reduce harmful emissions  
[11]. Other main uses include investments, jewelry, and other industrial and dental and medical 
products. Pt, Pd, and Rh also are highly resistant to chemical reactions, have a high melting point, 
and have stable electrical properties, making them popular materials for industrial products like 
crucibles. In addition, they are often used as catalysts in the chemical engineering industry to 
catalyze the partial oxidation of ammonia for nitric oxide production, in fertilizers.  

Recently, PGMs have been increasingly used for synthetic organic chemistry and to refine crude 
oil and other petroleum products. While PGMs have a large breadth of use, most applications 
require a small amount of PGMs for use due to their efficiency [12]. The energy transition and 
growing popularity in renewable energy-based systems and electric vehicles may cause PGM 
demand to face massive decline soon. A breakdown of the demand for Pt, Pd, and Rh can be seen 
in Figure 2.  
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Figure 2. Breakdown of Pt, Pd, and Rh net demand, expressed as percent of total demand in 2019 
[11]. 

To increase the concentration of minerals and obtain enriched products, flotation is the most widely 
used process in the beneficiation of PGMs. This process can be limited by several factors, one of 
which is the mineralogy of the ore body. Since PGMs vary in composition, different concentrates 
are produced through the flotation process. PGMs that are produced in mining operations are 
typically found in sulfide deposits, or in small-scale gravel and sand deposits. They are often 
accompanied by other metals such as nickel, iron, copper, chromium, tellurium, selenium, gold, 
and silver [13], [14], [15]. Over the last decade, the price of PGMs has increased dramatically, 
with Rh and Ir rising the most, as displayed in Figure 3. 
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Figure 3. Daily PGM prices in $/oz from 3/06/2015 to 3/06/2025, based on the Johnson Matthey 
London Commodity Dataset on Factset. 

1.2. Historical domestic PGM deposits 

 While Sibanye-Stillwater currently is the only major PGM producer in the United States, 
there have been many more deposits of varying grade and resources located. The last 
comprehensive report of PGM occurrences in the continental United States by USGS was in 1993, 
with the previous being in 1977 [16], [17]. A table of the reported deposits in 1977 and then in 
1993, divided by state is shown below in Table 1. PGMs presence in many of these deposits, or if 
they were at an economically feasible levels to extract, was unverified. The minimum PGM 
concentration to make the confirmed deposit list was 100 ppb [17]. For a mining operation that 
produces PGMs as a primary product, a minimum grade of around 3 ppm is normally required to 
be economically feasible. To produce PGMs as a secondary product, a minimum concentration of 
around 250 ppb is required. The deposits that have been confirmed and plotted on maps are also 
in Table 1. Some of the deposit types are unknown, but the known ones include placer Au-PGMs, 
porphyry copper, podiform chromite, and low-sulfide gold-quartz veins [17]. 

The initial extensive literature search on PGMs was done in in 1977 by Blair et al., which looked 
into any sites where PGMs were mined, documented, analytically determined, or reported by 
individuals [16]. The results shifted in the 1993 report, as more sensitive analytical equipment was 
available allowing for a more precise analysis of PGM ores, specifically podiform chromite 
deposits. The search was limited to PGMs in the contiguous United States, leaving out Alaska, 
which has had several large-scale placer deposits recorded in the Goodnews Bay area [18]. 
Goodnews Bay district in Alaska first had placer deposits discovered in 1926, and several small 

91



7 
 

scale mines operated there in the following years [18]. These small-scale operations produced 
around 3,000 troy ounces of PGMs over a period of 7 years. In 1937, Goodnews Bay Mining 
Company began operation as the first large scale commercial mine [19].  

At the time, the Goodnews Bay Mining Company was the only domestic mine that produced PGMs 
as its principle commodity [19]. The mine mostly produced platinum and lesser amounts of 
iridium. It produced around 650,000 troy ounces of PGMs between 1928 to 1975, averaging 
13,800 troy ounces (391 kg) per year [20]. Operations were then taken over by Hanson industries, 
which operated sporadically in the 1980’s, until it stopped producing, and was eventually acquired 
by XS Platinum Limited in 2008 [21]. At first, XS Platinum Limited had plans for a tailings 
reclamation project to recover platinum from the waste stream. This eventually fell apart when the 
company and 5 of its officers were indicted by a federal grand jury for felony violation and 
conspiracy to violate the Clean Water Act [22]. 

In addition, before the Goodnews Bay platinum operation, there was the Salt Chuck Mine on 
Prince of Wales Island, which was the only palladium producer in the United States between 1915 
to 1941 [23], [24]. The operation began as a copper mine in 1905, which was its primary product 
until the discovery of palladium in the deposit in 1915. The deposit consisted of mostly magnetite, 
bornite, and lesser amounts of chalcopyrite and malachite. Salt Chuck produced 326,000 tons of 
ore with copper, gold, silver and palladium, with an average palladium grade of 1.96 g/t existing 
mostly as kotulskite (PdTe) [25]. The processing mill at the time started at 30 tons per day, which 
then grew to 300 tons per day by 1923. In 1923, the name was changed to Alaskan Palladium 
Mining CO, before operations were suspended in 1926. It then went through a period of operation, 
suspension of operation, and selling until 1941 when it stopped operation for good. They had a 
reported palladium recovery of 65%.  
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Table 1. Summary of Reported and Confirmed PGM Deposits in the Continental United States, 
1977 and 1993 [16], [17].  

 

 

2. Current domestic PGM operations 

The main producer of PGMs is Sibanye-Stillwater, in Montana, with a small amount also 
being produced by the Lundin Eagle mine in Michigan. Sibanye-Stillwater had an estimated $880 

State Number of Reported 
Deposits (1977)

Number of Reported 
Deposits (1993)

Number of Confirmed 
Deposits (1993)

Arizona 4 8 1
Arkansas 1 1 0
California 88 143 117
Colorado 9 10 5
Georgia 0 2 0

Idaho 12 17 9
Maine 0 1 0

Maryland 1 1 1
Minnesota 2 7 7
Montana 12 78 67
Nevada 9 18 11

New Jersey 0 1 1
New Mexico 6 7 1

New York 1 2 2
North Carolina 3 9 8

Oklahoma 0 2 1
Oregon 57 115 68

Pennsylvania 1 3 2
Texas 1 1 0
Utah 5 11 4

Vermont 0 1 1
Virigina 0 2 1

Washington 17 33 19
Wyoming 16 32 11

Total: 245 505 337
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million worth of PGMs produced during 2022, which then dropped to $510 million in 2023 and 
$310 million in 2024 [5], [26].  

2.1 Sibanye-Stillwater Complex  

 The Sibanye-Stillwater Complex in Montana accounts for the majority of PGMs produced 
in the United States, with platinum and palladium as its primary products [27]. They have two 
main mine sites: Stillwater and East Boulder mines, both of which are underground mining 
operations rich in PGMs [28]. With the Stillwater mine expected to be open until 2049 and the 
East Boulder mine expected to be open until 2059, the facility is expected to produce PGMs 
domestically for many years to come. They currently produce around 425 k troy ounces of 
platinum and palladium per year and process it in the Columbus smelter complex.  

The deposits are found in the J-M reef, which is a high-grade primary magmatic ref-type Pd-Pt 
deposit that both the Stillwater and East Boulder Mines are operated out of [29]. It was first 
explored in the 1960’s, but industrial operation only began in 1986. The Stillwater mine has a 
measured and indicated concentration of 10.87 g/t of Pd and 3.14 g/t of Pt, while the East Boulder 
mine has a measured and indicated concentration of 9.41 g/t of Pd and 2.58 g/t of Pt. The mines 
have a processing capability of 700,000 tpy at Stillwater, and 600,000 tpy at the East Boulder 
facility. For mining, both use a mechanized ramp and fill method as their dominant mining method 
[29]. Once the material is mined, it is sent to each mine’s respective ore processing facility.  

2.1.1 Stillwater concentrator 

 The Stillwater concentrator was opened in 1986, and can process around 3,400 tpd through 
the crushing, milling, flotation and filtration circuit [29]. The goal of the concentrator is to liberate 
and separate the PGMs in the sulfides from the surrounding silicate gangue. For primary crushing, 
they use a jaw crusher, which crushes the mined ore to minus 150 mm [30]. Their primary grinding 
consists of a SAG mill, pebble mill and a ball mill charged with steel balls. The product is a cyclone 
sized ore product of p80 145 μm. After material is ground to size, it is sent to a flotation circuit for 
upgrading. Their flotation circuit starts with a flash flotation circuit, rougher flotation circuit. In 
addition, they have a rougher-cleaner flotation circuit, a middling flotation circuit, a middling 
cleaner flotation circuit, scavenger flotation circuit, and a scavenger cleaner flotation circuit. They 
also have a regrind stage that helps to optimize smelter operation down the line by improving grade 
and recovery through increased liberation. Their reagents used for flotation include potassium 
amyl xanthate (PAX), di-thiophosphate (Cytec 3477), carboxymethyl cellulose (CMC), methyl 
isobutyl carbinol (MIBC), sulfuric acid for pH adjustment, and a flocculant [30]. For filtration, 
they use an 8-plate pressure filter, which produces a concentrate with 11-13% moisture. A 
simplified block flow diagram of the Stillwater Concentrator can be seen in Figure 4. 
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Figure 4. Block Flow Diagram of the Stillwater Concentrator [29]. 

2.1.2 East Boulder concentrator 

 The East Boulder concentrator operates a similar crushing, milling, flotation, and filtration 
setup to process 2,000 tons per day of PGM-rich sulfide material [29]. For primary crushing they 
utilize a jaw crusher that crushes the ore to minus 150 mm. Primary grinding consists of a SAG 
mill, pebble mill, and a ball mill, with similar capacities as the Stillwater Facility. Their flotation 
circuit consists of flash flotation, rougher and rougher-cleaner flotation, middling and middling 
cleaner flotation, as well as scavenger and scavenger cleaner flotation circuits. They also have a 
similar reagent scheme to the Stillwater facility. In addition, they have a regrind circuit to ensure 
recovery and concentrate grades are optimized for smelting. For filtration they use an 8-plate 
pressure filter, which produces a concentrate with 11-13% moisture. The East Boulder 
concentrator is similar in its process to the Stillwater concentrator seen in Figure 4.  

2.1.3 Columbus Metallurgical Complex - Stillwater Smelter 

 Once the sulfides are concentrated at their respective facilities, they are shipped as a filter 
cake to the Stillwater Smelter at the Columbus Metallurgical Complex (Columbus, Montana) for 
processing [29]. The smelting facility has expanded over the years to include base metal refining, 
as well as PGM recycling operations. The complex is one of the largest recyclers of PGMs derived 
from spent catalytic converters and other industrial sources. In 2024, Sibanye-Stillwater processed 
and recycled a total of 316,470 troy ounces of PGMs from spent recycled catalytic converters at 
the Columbus metallurgical facility [31]. 

The smelter flowsheet consists of a concentrate dryer, two electric submerged arc furnaces (EAFs), 
two top-blown rotary converters (TBRCs), and an off-gas treatment system [29]. Upon arrival, the 
primary concentrate is processed through a fluidized bed dryer, reducing its moisture content to 
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below 1% to prevent operational hazards and slag foaming. Dried concentrate is then blended with 
pulverized and sampled spent automotive catalysts before being fed into the two 150-tpd electric 
furnaces. The furnaces receive a mixture of concentrate, limestone flux, and recycled dust through 
air-slide conveyors [30]. During smelting, limestone decomposes according to: 

CaCO3 → CaO + CO2 [1] 
producing CaO that combines with siliceous gangue to form calcium silicates  

CaO + SiO2 → CaSiO3 [2] 
As temperatures exceed 900 °C in the EAF, the sulfide minerals contained in the concentrate 
undergo thermal decomposition and re-equilibration to form a homogeneous molten matte. For 
example, chalcopyrite breaks down to copper and iron sulfides: 

CuFeS2 → Cu2S + FeS + S [3] 

while pentlandite decomposes to nickel and iron sulfides: 

(Fe,Ni)9S8 → 3Ni3S2 + FeS [4] 

and pyrrhotite disproportionated toward FeS: 

Fe1−𝑥𝑥S → FeS + 𝑥𝑥 Fe(𝑙𝑙) [5] 

with dissolved Fe contributing to the matte phase. These reactions form a molten matte composed 
primarily of Cu₂S, FeS, and Ni₃S₂, which collects the PGMs. Slag, consisting mainly of silicon and 
iron oxides, is tapped several times per day at 1500–1550 °C, air-cooled, and recycled back into 
the furnace feed. The matte is tapped every eight hours into ladles and granulated before 
conversion. The furnace off-gases pass through a primary and secondary baghouse system, 
achieving ≥99.7% SO₂ capture efficiency [30]. The granulated matte is charged into the top-blown 
rotary converter, where iron and sulfur are selectively oxidized. The dominant reactions include 
oxidation of iron sulfide: 

3FeS + 5O2 → Fe3O4 + 3SO2 [6] 

followed by formation of calcium ferrite slag in the presence of added lime: 

2Fe3O4 + 1
2 O2 + 3CaO → 3CaFe2O4 [7] 

These reactions remove iron and sulfur from the matte and transfer them to the converter slag, 
while enriching the remaining matte in Cu, Ni, and PGMs. The converter slag is granulated, dried, 
and recycled back to the electric furnaces, while the upgraded matte typically containing 350–700 
oz/t Pt+Pd, along with around 29% Cu, 41% Ni, 21% S, 2% Fe, and the rest Co, Au, Ag, Rh, Te, 
or Se is granulated and sent to the Base Metal Refinery for further processing. 
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To improve the throughput capacity of the smelter in response to increasing mine production, 
several upgrades have been made. This includes a new concentrate receiving facility, improved 
smelter and gas cleaning, a granulation facility, upgraded top blown rotary converter drums, sulfur 
dioxide off-gas scrubbing, and a sodium hydroxide regeneration train. A simplified block flow 
diagram of the smelter can be seen in Figure 5. 

 

 

Figure 5. Block Flow Diagram of Stillwater Smelter [29]. 

The Columbus Metallurgical Complex also hosts a Base Metals Refinery (BMR) to take the 
smelter matte and produce a high grade PGM filter cake [29]. It consists of grinding, atmospheric 
leaching, pressure leaching, PGM concentrate separation, iron precipitation, nickel sulfate salt 
production, and copper cathode production. The fundamental process follows the patented two-
acid Sherritt Leach Process. It was built in 1996 and outfitted to manage 300 kph of smelter matte 
but has been upgraded to manage 600 kph of smelter matte. It was first built to extract the base 
metals, which reported to a mixed copper-nickel solution for treatment off-site, but was later 
modified to separate the nickel and copper to produce a nickel sulphate salt and cathode copper. 
The capacity increase was primarily a result of improved process optimization and an expansion 
of the copper electrowinning circuit, which had historically been the bottleneck. Its current 
configuration consists of a nickel atmospheric leach circuit, a copper dissolution autoclave, a 
nickel sulfate crystallizer, a copper electrowinning plant, and two polishing leach autoclaves.  

When the granulated converter matte is received at the BMR facility, it is milled in a batch-wise 
process in a tower mill to produce material with a p80 of 75 μm and a 80% solid slurry [30]. It is 
then leached with sulfuric acid and oxygen at atmospheric conditions, to remove nickel as a sulfate 
crystal product [29]. The atmospheric metathesis based leach system has a series of five cascading 
agitated tanks, and typical reactions that occur are as follows: 
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𝑁𝑁𝑁𝑁𝑜𝑜 + 𝐻𝐻2𝑆𝑆𝑆𝑆4 + 0.5𝑂𝑂2 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁4 + 𝐻𝐻2𝑂𝑂 [8] 

𝑁𝑁𝑁𝑁3𝑆𝑆2 + 𝐻𝐻2𝑆𝑆𝑆𝑆4 + 0.5𝑂𝑂2 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁4 + 2𝑁𝑁𝑁𝑁𝑁𝑁 + 𝐻𝐻2𝑂𝑂 [9] 

𝑁𝑁𝑁𝑁3𝑆𝑆2 + 2𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶4 = 𝐶𝐶𝐶𝐶2𝑆𝑆 + 2𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁4 + 𝑁𝑁𝑁𝑁𝑁𝑁 [10] 

𝐹𝐹𝐹𝐹0 + 𝐻𝐻2𝑆𝑆𝑆𝑆4 + 0.5𝑂𝑂2 = 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹4 + 𝐻𝐻2𝑂𝑂 [11] 

Typically, any PGMs that are present will co-precipitate with the copper, and any unleached 
residue will be separated via a thickener and sent to the pressure leaching stage. These solids are 
treated with sulfuric acid and oxygen in a pressure leach to dissolve the copper, selenium, and 
tellurium. This includes the nickel and copper sulfides, as well as iron in the form of magnetite 
and hydrated ferric oxide. The pressure leach stage operates in lower acid concentrations of 20-25 
g/L and temperatures around 135°C. No magnetite will dissolve under these conditions. The 
reactions present in the pressure leach autoclave are: 

𝑁𝑁𝑁𝑁𝑁𝑁 + 2𝑂𝑂2 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁4 [12] 

𝐶𝐶𝐶𝐶2𝑆𝑆 + 𝐻𝐻2𝑆𝑆𝑆𝑆4 + 2.5𝑂𝑂2 = 2𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶4 + 𝐻𝐻2𝑂𝑂 [13] 

𝐹𝐹𝐹𝐹2𝑂𝑂3 + 3𝐻𝐻2𝑆𝑆𝑆𝑆4 = 𝐹𝐹𝐹𝐹2(𝑆𝑆𝑂𝑂4)3 + 3𝐻𝐻2𝑂𝑂 [14] 

The selenium and tellurium are subsequently cemented out of solution, and the copper-rich 
solution is sent for electrowinning. The underflow from the pressure leach is treated with a 
polishing leach to remove any remaining impurities or base metals from the PGM concentrate. The 
copper electrowinning circuit operates continuously, and was expanded in 2021 to add six cells, 
which eliminated a historic bottleneck to the BMR process. This allows the BMR to produce 750 
tpy of copper cathodes. Any remaining solids then form the PGM filter cake, which is washed, 
filtered, and dried.  

The nickel sulfate present in the atmospheric leach thickener overflow is vacuum crystallized and 
dried in a fluidized bed before being sold as a nickel sulfate salt. Some minor PGM metals, such 
as Rh, Ru, and Ir go into solution and follow the nickel, which are then precipitated via the Thakadu 
process to prevent any losses [32]. This process generally involves pre-treatment, solvent 
extraction, and crystallization, which then increases recovery of PGMs and produces pure nickel 
sulfate salt. 

The BMR can produce a bullion concentrate containing about 60% PGMs, as well as nickel and 
copper co-products. It is then sent to Johnson Matthey Company for any further separation and 
refining that is required. A simplified block flow diagram of the BMR can be seen in Figure 6.  

98



14 
 

 

Figure 6. Block Flow Diagram of Stillwater Base Metal Refinery [29]. 

2.2 Lundin Eagle Mine 

 The Lundin Eagle Mine, located in the Upper Peninsula of Michigan, is the United States 
only domestic primary producing nickel mine [33]. The magmatic sulfide deposit was first 
discovered in 2002, and production first began in 2014. It produces nickel and copper concentrates 
via flotation, while also having minor amounts of cobalt and PGMs in the nickel concentrate that 
produce additional profits. The mine is expected to close in 2029 as it depletes its two main ore 
bodies, Eagle and Eagle East, but is looking to start producing from a third zone, Keel, which may 
extend its mine life [34]. They have also recently partnered with Talon Metals conduct exploration 
drilling at nearby properties in Michigan’s Upper Peninsula, in order to try and find additional 
nickel and copper mineralization [35].  

The ore body hosts high grade magmatic Ni-Cu sulfide mineralization in the form of pentlandite 
and chalcopyrite minerals. Their measured and indicated mineral resources of PGMs were around 
0.38 g/t of platinum and 0.27 g/t of palladium [34]. While they process a higher grade currently 
(0.57 g/t of platinum and 0.4 g/t of palladium), it is expected to drop over the next few years as 

99



15 
 

they process fewer valuable ore before mine closure, resulting in the averages above. Because of 
the significantly lower PGM grades and smaller deposit when compared to Sibanye-Stillwater, it 
is more economical to sell the nickel and copper flotation concentrates to a smelter than to refine 
it themselves. The Eagle mine sells to a smelter in Canada for further processing, and get paid for 
the copper, nickel, PGM, and cobalt in the concentrates. 

All three ore bodies are underground mines that produce ore which is transported to their Humboldt 
Mill, where it undergoes a three-stage crushing process [34]. The Humboldt mill processes around 
2,000 tpd and has the capabilities to crush, grind, and concentrate the ores. This circuit involves a 
primary jaw crusher and a secondary and tertiary cone crushing circuit to reduce the ore size down 
to 80% passing 8 mm [36]. Then, it is sent to two ball mills working in parallel that target an 80% 
passing 100 μm product. Sodium carbonate is then added for pH control further down the line. The 
feed is then sent to a rougher-cleaner-scavenger flotation circuit to separate the copper and nickel 
minerals from the rest of the gangue. They use SIPX, MIBC, soda ash, lime, CMC, and flocculant 
to achieve the best recovery and separation during this process. The copper-nickel rougher 
concentrate is reground before cleaning to remove as much gangue as possible. The bulk cleaner 
concentrate then goes through another round of flotation to separate the copper and nickel minerals 
through the addition of lime to increase the pH further. By increasing the pH to between 10.5 and 
11.5, the nickel pentlandite particles are passivated and sink, while the copper floats. The resulting 
copper and nickel concentrates are then dewatered with thickeners and filter presses and sent off 
directly to a smelter facility. The platinum and palladium follow the nickel through this process 
and end up reporting to the nickel concentrate. This process achieves recovery of around 76% 
platinum and 84% palladium, resulting in 7,000 oz of platinum, and 5,500 oz of palladium 
produced each year [36]. The tailings produced are sent to a subaqueous tailings pond next to the 
Humboldt mill to prevent any acid mine drainage from occurring due to sulfur content of the 
pyrrhotite in the tailings. A flowsheet of the Humboldt mill process can be seen in Figure 7. 
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Figure 7. Simplified Humboldt Mill Flowsheet [36]. 
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3. Current domestic recycling operations 

Recycling of PGMs is a well-established industry, both domestically and globally, that is 
increasing in volume each year. The secondary supply of platinum, palladium, and rhodium is 
derived primarily from the recycling of spent automotive catalysts, waste electrical and electronic 
equipment, as well as jewelry. Recycled PGMs represent a significant share of the global supply, 
with these secondary sources playing a crucial role in bridging the gap between primary mine 
production and total global consumption. Catalytic converters account for about 60% of PGM use 
and, as such, are the dominant secondary sources with high PGM content and relatively few 
impurities [14], [37].  

The U.S. is strong in collection, pre-processing, and primary recovery; while final PGM 
separations often occur at a smaller number of specialized refineries, often offshore, introducing 
supply-chain exposure. In 2024, approximately 120,000 kg of palladium and platinum were 
recovered worldwide from new and recycled scrap, including about 45,000 kg of palladium and 
8,500 kg of platinum sourced from automobile catalytic converters in the United States [38].  

 

Figure 5: PGM catalyst recovery pathways [39] 

The recovery of PGM materials typically involves two main stages: pre-processing and metal 
recovery. Pre-processing makes heterogeneous scrap safe, homogenous, assayable, and chemically 
ready for recovery. The goal at this stage is to remove oils, plastics, and loose tramp metal that 
could foul furnaces or leach circuits. Metal recovery involves conversion of pre-processed 

102



18 
 

feedstock into PGM products by either pyrometallurgical or hydrometallurgical techniques [40], 
[41], [42]. Research in bio-metallurgical techniques such as bioleaching and biosorption methods 
is growing, but is currently limited to lab and pilot scale recovery, with potential to complement 
mainstream circuits over time [15], [41].  

Thermal treatment enables the separation of PGMs and PGM-containing alloys from their base 
materials for subsequent refining [41]. Typically, the process involves melting the PGM-bearing 
substrate in the presence of a flux and a metallic collector. Pyrometallurgical methods have a high 
tolerance for heterogeneity/contaminants in the feedstock and are ideal for large scale operations 
with mixed feed. However, because these are high-temperature operations, they are inherently 
energy-intensive and can generate emissions.  

Hydrometallurgical extraction operates at significantly lower temperatures and allows for selective 
metal by metal leaching. A typical hydrometallurgical process includes leaching, concentration, 
extraction, stripping, and recovery of the metals either in metallic form or as salts. Various leaching 
systems have been investigated for PGM recovery, including aqua regia (HCl/HNO₃), cyanide-
based solutions (CN⁻), mineral acids (H₂SO₄, HCl, HNO₃), chloride-based media (NH₄Cl, CuCl₂, 
FeCl₃), alkaline hydroxides (NaOH, NH₄OH), and carbonate systems (Na₂CO₃, (NH₄)₂CO₃) [41]. 
Overall, leaching performance depends on several factors, including reagent concentration, solid-
to-liquid ratio, particle size, entrapment of soluble species within less soluble phases, pH, 
temperature, stirring intensity, and leaching duration [41], [43], [44].  

Companies that recycle PGM catalysts in the United States include Sibanye-Stillwater, BASF, 
Umicore, Tenneco, Continental AG, APC Automotive Technologies, Metallix, Reldan, and others 
[15]. As noted in Section 2.1.3, the Columbus Metallurgical Complex is one of the world’s largest 
recyclers of PGMs. This material primarily comes from automobile repair facilities and scrapyards 
that process end-of-life vehicles. In addition to automotive catalysts, PGMs are also recovered 
from spent petroleum and industrial catalysts, as well as refinery sweeps and cuttings [45]. 
Accurate sampling and analysis are very difficult, but critical under to ensure operational reliability 
and integrity [29]. 

Table 2. Summary of a few PGM recycling operations in the US 

Operator / site State Role in chain Main 
feedstocks 

Notable capabilities 

Sibanye-
Stillwater, 
Columbus 

MT Pre-
processing, 

smelting 

Auto 
catalysts 

• Large U.S. auto 
catalyst recycler 

•  Third-party final 
refining [28] 

• Recycled roughly 10 
tons of 3E PGMs in 
2024 [31] 
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BASF ECMS, 
Seneca 

SC, TX Pre-
processing, 

final refining 

Auto 
catalysts 

• Major North 
American PGM 
refinery 

• Manufactures new 
industrial catalysts 
from spent auto 
catalysts [46] 

Heraeus, Wartburg TN Pre-
processing, 
sampling, 
smelting 

Mixed PGM 
scrap 

• New smelter added in 
2023 

• Renewable-powered 
[47] 

Sabin Metal West, 
Williston 

ND Pre-
processing, 
sampling 

Industrial 
catalysts 

• Pyro-based recovery 
• Full-lot sampling [48] 

PMR USA, 
Gastonia/Las 

Vegas 

NC / 
NV 

Pre-processor 
(de-can, mill, 

assay) 

Auto 
catalysts 

• High converter 
throughput [49] 

• Specializes in 
homogenization and 
sampling 

Metallix Refining 
Inc., 

Maxton/Greenville 

NC Pre-
processing, 
sampling, 
refining 

Ceramic and 
metallic auto 

catalysts 

• High converter 
throughput facility  

• Configured for metal-
foil autocats 

• Leaching/wet 
chemistry based 
recovery 

 

BASF Environmental Catalyst and Metal Solutions operates recycling facilities in the United 
States that recover and refine precious metals used in catalyst manufacturing. The Seneca site in 
South Carolina functions as a large-scale operation that recycles, concentrates, and refines PGMs 
essential for various catalytic applications [39], [42]. The Caldwell facility in Texas supports 
BASF’s precious metal recovery network by recycling chemical catalysts and processing industrial 
scrap. Recovered materials from the Caldwell site are directed to downstream smelting operations. 
The overall process employed across these sites combines smelting, chemical leaching, and 
refining to recover platinum, palladium, rhodium, and other associated metals [50], [51]. 

Heraeus Precious Metals is a major company in the precious metals industry, producing materials 
and components used across sectors such as automotive, chemical, semiconductor, 
pharmaceutical, hydrogen, and jewelry manufacturing. In North America, Heraeus operates 
recycling and refining facilities in Santa Fe Springs, California, and Wartburg, Tennessee; the 
latter was expanded in 2022 with the installation of a new smelter. Heraeus is among the largest 
refiners of PGMs and has extensive experience in recycling components from electrolyzer and fuel 
cell systems, such as including membrane electrode assemblies and catalyst-coated membranes. 
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The company applies pyrometallurgical and hydrometallurgical techniques to recover platinum, 
palladium, iridium, and ruthenium from secondary sources, continuously improving its processes 
to enhance recovery efficiency and meet the growing demand for recycled PGMs [47], [52], [53]. 

Another important company in the global PGM recycling sector is Johnson Matthey, which 
operates multiple facilities worldwide. In the United States, its principal recycling and refining 
operation is in West Deptford, New Jersey. This site not only refines PGM concentrates but also 
processes a broad spectrum of secondary materials, including automotive and industrial catalysts, 
chemical catalysts, dental and electronic scrap, fuel cell components, and jewelry residues. In other 
words, Johnson Matthey’s recycling activities cover a wide range of industries and material 
streams [54]. The refining workflow includes four major stages, combining pyrometallurgical and 
hydrometallurgical techniques. 

 

Figure 8. Simplified workflow for PGM recycling and refining operations [55] 

The first step involves determining the precious metal content and estimating the required 
processing time. Johnson Matthey employs highly accurate and long-established assay methods, 
supported by advanced sampling protocols and diverse analytical techniques tailored to each 
material type. Chemists evaluate the full matrix of the feed, both precious and non-precious 
elements to identify the most efficient and economical refining pathway. 

Once terms are agreed, compatible feeds are blended and sent to large reverberatory furnaces, 
where they are melted at temperatures above 1200 °C for roughly 12 hours. The smelting step 
separates non-metallic components and produces two bullion types: 

• a silver-rich bullion containing mainly platinum and palladium, and 

• an iron-rich bullion containing all five PGMs. 

Both bullion streams then undergo acid leaching to dissolve and concentrate the precious metals. 
The silver-based bullion is treated with concentrated acid to dissolve silver, platinum, and 
palladium while separating any gold for further refining. The iron-based bullion follows a different 
chemical route due to the distinct solubilities and chemical behaviors of the PGMs it contains. 
The dissolved PGMs are then subjected to a multistage chemical separation process, involving 
solvent extraction, precipitation, filtration, and evaporation steps. These operations isolate each 
metal and convert them into high-purity salts or sponge. Subsequent heat treatment produces the 
final precious-metal products, suitable for reuse in catalytic, chemical, and industrial applications. 

4. Future Domestic PGM Operations: 
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 Domestically, there are plans for starting several PGM producing primary operations in 
Minnesota, along with the potential for some in Alaska. The facilities of interest in Minnesota are 
the Twin Metals Minnesota operation, The NewRange Copper Nickel operation, and Talon 
Metals’ Tamarack Project. These operations can provide a future source of domestically produced 
PGMs, which can also decrease the reliance of overall domestic reduction on the price of 
palladium. Since these projects will all produce PGMs as byproducts, as opposed to primary 
products like Sibanye-Stillwater, their overall profitability and production will not be tied to the 
price of PGMs. 

4.1 Twin Metals Minnesota 

 The origin of the Twin Metals Minnesota (TMM) operation began in 2006 at the start of a 
hydrogeological study for the Duluth Metals Limited project [56]. Following their partnership with 
Antofagasta PLC in 2010, TMM was started, which plans to develop an underground copper, 
nickel, platinum, palladium, gold and silver mine in the Iron Range region of northeast Minnesota 
[57]. The deposit is composed primarily of plagioclase, olivine, pyroxenes, and oxides, which 
make up 85% of the total minerology. The sulfide content ranges from 1 to 6%, and is comprised 
primarily of chalcopyrite, cubanite, pentlandite, and pyrrhotite. The platinum within the deposit 
does not deport as a constituent to any of the sulfides and occurs only in discrete Pt minerals. The 
palladium is similar, but with around 20% of the Pd deporting in the pentlandite. 

The TMM project estimates a 30-year mine life, with an averaged processing rate of 20,000-50,000 
tpd [57]. Overall, they are expecting a necessary initial capital expenditure of $2.77 billion, with 
$5.41 billion capital expenditure over the 30-year lifespan [58]. TMM estimates a total production 
of 180 million tons of ore over the 25-year production window. Broken down annually and by 
concentrate, this is 174,000 tons of copper concentrate, 84,000 tons of nickel concentrate, and 550 
tons of gravity concentrate, which will include the PGMs. In their pre-feasibility study, they 
estimate a life-of-mine (LOM) production of 46,500 kg of platinum and 125,000 kg of palladium 
[59]. While the main products will be nickel and copper, and significantly more work has been 
done on the sulfide flotation aspect of the project, the PGMs are still a valuable component and 
can produce around 10 years’ worth of domestic production [60] [61]. 

The mining process starts with deep underground drilling, where the ore is accessed through a 
system of draw points and drifts, and is initially broken up and collected in an orepass [58]. The 
deposit would be mined using a longitudinal long hole retreat mining method, so less excavation 
is required and the need for above ground waste rock stockpiles is eliminated. The ore would be 
processed through comminution, gravity concentration, flotation, and concentrate dewatering. Ore 
will first be sent to a SAG mill, before going to a ball mil that will grind the ore to an 80% passing 
135 μm, before finally being pumped to the flotation circuit. A portion of the material is 
recirculated to be ground further, and a portion is split and fed to the gravity concentration circuit 
before returning to the ball mill circuit.  
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The concentrator would produce copper, nickel, and gravity concentrates, as well as a tailings, 
which will be sent to a tailings dewatering plant. 50% of the tailings will produce tailings backfill 
for the mine, with the rest producing a tailings filter cake for a dry stack facility, which will provide 
permanent ground storage tailings.  

In order to recover the PGMs, they plan to use the gravity concentration circuit to recover up to 
65% of the precious metals with low mass pull products [59]. As PGMs and precious metals have 
a higher specific gravity than most other metals, they can be separated out using gravity separation. 
In the mine plan of operations, the description of the gravity concentration circuit is sparse, but 
details how a portion of the ball mill recirculating load would be split off to feed multiple gravity 
concentration units operating in parallel, which would then recover the gold, platinum, and 
palladium. This concentrate would be dewatered and then sent in batches to a gravity concentration 
holding tank, and then shipped off to sell [62]. A depiction of their initial milling flowsheet can be 
seen in Figure 8, which was made in 2014. This does not include the gravity concentration stage, 
as it was included in the mine plan later.  
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Figure 9. TMM Preliminary Mill Flowsheet [59]. 

4.2. New Range Copper Nickel Operation 

 Another potential source of domestic PGMs is the New Range Copper Nickel project, 
which is a joint venture between PolyMet mining and Teck Resources [63]. After the merger in 
2023, the venture now controls over half of the reserves of the Duluth Complex, which is the 
largest known untapped deposit of copper and nickel in the world [64]. While this deposit is nearly 
entirely copper, nickel, and cobalt, New Range does have access to significant amounts of 
palladium, along with some platinum and gold. The deposit has a platinum grade of 0.067 g/t, and 
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a palladium grade of 0.243 g/t. The deposit is considered a magmatic deposit with disseminated 
accumulations of sulfides within a dominant silicate framework. 

Their initial mine plan includes a 32,000 tpd open pit mining operation [65]. With a 20-year 
permitted life, they plan to produce around 2,000 kpy of palladium and 500kpy of platinum 
contained in a nickel concentrate or PGM concentrate, depending on the project phase [66]. They 
plan to retrofit existing crushing and milling infrastructure at brownfield sites to do the initial 
processing of the ore [65]. 

There are two phases to the New Range beneficiation plan. Phase 1 consists of crushing, grinding, 
flotation, concentrate thickening, and concentrate filtration [67]. Phase 1 will produce the 
concentrates that can be sold to the market. In Phase 2 in mining year 2, they plan to commission 
a hydrometallurgical processing plant to produce nickel sulfide and pyrrhotite concentrates. The 
concentrates will be processed through a single autoclave to produce a copper concentrate, nickel-
cobalt hydroxide, and PGM and precious metal precipitate. This involves a HPAL process and 
solution purification to extract and isolate the PGMs. While this process has been widely discussed 
and is currently included in the mine plans, there is ongoing discussion on the feasibility and 
implementation of Phase 2. 

In Phase 1, the primary comminution and flotation circuits begin operation, with the goal of 
producing marketable concentrates of copper, nickel, cobalt and PGMs. For the comminution, they 
plan to use a combination of gyratory crushers, a pebble crusher, a SAG mill, a ball mill, and 3 
stirred mills [67]. They plan to use the existing primary crusher, with a new downstream crushing 
circuit. The milling intends to produce a product 80% passing 120 µm, which is mixed with process 
water during the SAG milling to be processed further. This consists of three main sections: bulk 
Cu-Ni circuit, Cu-Ni concentrate separation circuit, and a pyrrhotite (Po) circuit. After the material 
passes through these circuits, they are dewatered by thickening and filtration to achieve a cake 
moisture of 12.1%, with the process water being recycled in the plant. After this, the concentrates 
can be sold, or later in the mine life, the nickel and pyrrhotite concentrates can be treated via Phase 
2 [67]. An image of the Phase 1 process can be seen in Figure 9.  
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Figure 10. New Range Phase 1 Process Block Flow Diagram [51]. 
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In Phase 2, the material will be processed hydrometallurgically using an autoclave at 1,000 tpd. 
The leach will operate in an oxygen rich environment with added chloride ions and around 440°F 
and a pressure of 504 psi, to ensure complete oxidation of the sulfides. An oxygen overpressure of 
100 psi will be maintained. Hydrochloric acid will be added to maintain steady chloride 
concentration, which is necessary for leaching of the PGMs. The autoclave will oxidize the sulfide 
minerals, making it into sulfates and liberating the entrained PGMs, which then form soluble 
chloride complexes. The 9.2% solid slurry is discharged, cooled using heat exchangers, and sent 
to a thickener in which the PGMs reside in the thickener overflow. The PGM precipitation circuit 
includes a preheater, two PGM precipitation tanks and an SO2 reduction tank. The SO2 reduction 
tank is used to reduce the ferric ions, before sending the slurry to the other tanks. To precipitate 
the PGMs, CuS is added, as CuS is less noble than the PGM sulfides, so the PGMs in solution will 
precipitate in exchange for Cu solubilizing. The precipitation reactions are shown in Equations 8 
and 9 [67]. 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃42− + 𝐶𝐶𝐶𝐶𝐶𝐶 = 𝑃𝑃𝑃𝑃𝑃𝑃 + 𝐶𝐶𝐶𝐶2+ + 4𝐶𝐶𝐶𝐶− [15] 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃62− + 2𝐶𝐶𝐶𝐶𝐶𝐶 = 𝑃𝑃𝑃𝑃𝑃𝑃 + 2𝐶𝐶𝐶𝐶2+ + 6𝐶𝐶𝐶𝐶− + 𝑆𝑆 [16] 

Through initial studies, a recovery rate of 78.6% for palladium and 74.5% for platinum can be 
achieved. A simplified flowsheet of the hydrometallurgical process can be seen in Figure 10.  
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Figure 11. New Range Project Simplified Hydrometallurgical Process [67]. The blue zone 
contains the PGM hydrometallurgical steps. 

4.3. Tamarack Talon Metals Project: 

 Talon Metals, in collaboration with Kennecott, have a proposed underground nickel sulfide 
mine near Tamarack, Minnesota [68]. With a projected 7 to 10-year production plan, there is an 
estimated 8.2 million tons of ore that can be processed. Construction is planned to begin in 2027 
at the earliest, with a 2-year construction period. They have an indicated grade of 0.34 g/t of 
platinum and 0.21 g/t of palladium, with some sections having up to 3.65 g/t of PGMs, and is 
counted as a byproduct [69]. The ore deposit is considered an ultramafic intrusive complex that 
has nickel, copper, and cobalt sulfide mineralization, with pockets of platinum and palladium 
entrained in the sulfides [70].  

The mine is planned to be an underground mine that is accessed via a vertical shaft. Once the ore 
is mined and hoisted to the surface, it will be processed at an average daily mill feed rate of 2,000 
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tpd [71]. While the mine site will be in Minnesota, Talon Metals has decided to locate their mill, 
the Beulah Minerals Processing Facility, in North Dokota. The mineral processing facility will 
consist of comminution, flotation, and dewatering circuits. The primary crushing involves jaw 
crushing, followed by secondary cone crushing and ball mill grinding. The product that, which is 
80% passing 100 µm, will then be sent to the flotation circuit. This is a typical rougher-cleaner-
scavenger flotation circuit to produce copper and nickel concentrates. They plan to use sodium 
isopropyl xanthate (SIPX) as the sulfide collector, and methyl isobutyl carbinol (MIBC) as the 
frother. The bulk flotation is done in five tank cells of 30 m3 each. For the scavenger flotation, 
potassium amyl xanthate (PAX) is used in three tank cells to recover the remaining sulfide 
material. The rougher concentrate is sent to a regrind stage to reduce the particle size to 80% 
passing 60 µm. They plan to increase the pH to 10 with the addition of lime, and using CMC as a 
depressant, thereby increasing the selectivity of the flotation. The concentrates are then thickened 
and filtered separately and sent to smelters for further processing. The tailings from the flotation 
circuit are planned to be used for paste backfill in the mine. 

As the nickel and copper content of the deposit constitutes a large majority of the potential profits 
of the Tamarack operation, there is no additional processing that will be done for further extraction 
of the PGMs. Instead, the PGMs are expected to report to the nickel concentrate stream and will 
be sold along with the nickel concentrate to the smelter for credit. While this is the current planned 
method, they are also considering a further hydrometallurgical processing facility, which could 
process lower grade nickel concentrate [71]. This would involve a pressure oxidation leach, 
followed by leach solution neutralization and impurity removal, copper recovery, nickel and cobalt 
solvent extraction, and final scrubbing and stripping stages. This would alter how any PGMs are 
recovered from the Tamarack operation, but there is currently no test work showing the feasibility 
of this stage. A depiction of the general flowsheet of the Tamarack project can be found in Figure 
11. 
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Figure 12. Simplified Tamarack Flowsheet [71]. 

Overall, with the Twin Metals Minnesota, NewRange, and Tamarack projects, the domestic 
primary production of PGMs has the potential to increase by 65%, as shown in Figure 12. This 
could help decrease the net import reliance on PGMs and establish a more robust domestic supply 
chain. In addition, due to the byproduct nature of the PGMs in these operations, any future 
volatility in the price of palladium or platinum will have significantly reduced effects on domestic 
production. A summary of the estimated average yearly production of PGMs and the grades of 
these deposits is shown in Table 3. 
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Figure 13. Estimated Average Yearly Production of Domestic PGM Projects, Comparing Current 

and Future Projects.  

 

Table 3 - Summary of US PGM production. 

 

Operation Estimated Average Yearly 
PGM Production (kg)

PGM Indicated and 
Measured Grade (ppm)

U.S. Yearly Production 13800 n/a
Stillwater 13400 13.16

Eagle Mine 400 0.65
Twin Metals 5700 0.48
NewRange 2500 0.30
Tamarack 750 0.68
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5. Promising domestic deposits 

 While the amount of active PGM producing mines and the number of opening projects is 
limited, there are promising deposits being investigated across the United States. 

5.1. Nikolai Project 

 The Nikolai project is a polymetallic exploration initiative spearheaded by Alaska Energy 
Metals Corporation, which looks to recover nickel, copper, cobalt, platinum, palladium, and gold 
[72]. First investigated in 1995 for Inco, the deposit was found to be like the Norilisk area of Russia 
and has the potential to provide a key source of domestic critical minerals. With metal prices and 
mining technology at the time, the deposit was thought to be unprofitable, but with lower grade 
orebodies around the world, there has been a renewal of interest in the project [73]. Pure Nickel 
Inc. completed preliminary drilling between 2007 to 2014 across the length of the Eureka zone of 
the deposit, where they found a thick zone of disseminated sulfide mineralization with consistent 
nickel, copper, cobalt, and PGM grades. They found an average platinum grade of around 0.048 
g/t and an average palladium grade of around 0.094 g/t. Alaska Energy performed more drilling in 
2023 to confirm similar grades. Overall, they confirmed a indicated resource of 1.22 million oz of 
palladium and platinum the Eureka zone [74]. While the project is still new and no progress has 
been made to develop the deposit into a mining operation yet, the drilling shows promise for the 
project [75].  

5.2. Duke Island Project 

 Duke Island is another Alaskan deposit that has promise to be a domestic source of copper, 
nickel, and PGMs [76]. It is an ultramafic intrusion that has sulfide mineralization indications, and 
the surface rock samples indicate concentrations up to 1 g/t of PGMs. While there has been 
preliminary drilling in this area, it has not been deep enough to evaluate the potentially PGM 
enriched sulfide zone. Sixteen drill holes were done in only one of the zones present in the project 
zone. It has been owned by Stillwater Critical Minerals, but in 2024 it was announced that they 
had entered into a letter of intent to sell the Duke Island project to Granite Creek Copper [77]. 
While this project is in the preliminary stages of exploration and development, it has gained interest 
as a potential source of PGMs in Alaska.  

5.3. Other deposits 

There are numerous other PGM deposits across the United States that are technically 
feasible to recover but have not been pursued thus far. Many of these are located in Alaska, such 
as the Union Bay Project, Last Chance, Brady Glacier, Genesis, Misheguk Mountain, Valdez 
Creek Mining District, and more [23], [78], [79], [80], [81]. These investigations show potential 
for increasing critical mineral independence for the United States in the world of PGMs.  
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6. Conclusion 

This review shows that although the United States is a limited primary producer of platinum-group 
metals relative to global supply, domestic operations remain a critical component of national 
mineral security. In 2024, U.S. mines produced approximately 8,000 kg of palladium and 2,000 
kg of platinum only a small fraction of global output leaving the country heavily dependent on 
imports. 

Sibanye-Stillwater US operations continue to be the foundation of U.S. primary PGM production, 
supported by well-established smelting and refining facilities at the Columbus Metallurgical 
Complex. Additional PGMs are recovered as by products from the Lundin Eagle Mine, and several 
emerging projects in Minnesota and Alaska, including Twin Metals, NewRange Copper Nickel, 
and the Tamarack project, could increase domestic by product PGM production by as much as 
65% if developed as planned. These projects highlight a promising pathway to diversify and 
strengthen the U.S. PGM supply chain. 

Recycling has become the most significant contributor to the domestic PGM supply, recovering 
roughly 45,000 kg of palladium and 8,500 kg of platinum from spent automotive catalysts far 
exceeding primary mine output. The sector is supported by a mature network of companies, such 
as Sibanye-Stillwater, BASF, Heraeus, and Johnson Matthey, which operate advanced 
pyrometallurgical and hydrometallurgical processes capable of treating increasingly complex 
secondary materials. Expanding domestic refining capacity and reducing offshore dependence in 
the final separation steps represent important opportunities to improve supply-chain resilience. 

Although new mining projects and robust recycling capabilities offer meaningful potential to 
improve domestic availability, the United States still faces challenges related to processing 
capacity, permitting timelines, and reliance on foreign refining for certain high purity PGM 
products. Addressing these issues will be essential for achieving a more secure and competitive 
supply chain. 

Overall, strengthening PGM supply security in the United States will require coordinated progress 
across primary production, recycling, refining, and policy development. Strategic investments in 
permitting, domestic refining infrastructure, advanced recovery technologies, and integrated 
supply-chain planning would significantly reduce vulnerability to global market disruptions while 
leveraging the country’s existing strengths in recycling and metallurgical innovation. As the 
energy transition accelerates and industrial applications continue to evolve, a resilient domestic 
PGM ecosystem will be essential for national security, economic stability, and long-term 
technological leadership. 
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