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STATEMENT OF PROJECT 
OBJECTIVES 

Phase 1.   
1.  Development of a cost-effective & environmentally 

benign process to treat and recover REEs from 
AMD 

2.  Preliminary process system design and techno-
economic analysis in preparation for pilot-scale 
testing 

3.  Down select 
 
Phase 2. 
1.  Build and operate a pilot plant 
2.  Report cost/performance 
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Participants 

WVU 
•  Paul Ziemkiewicz, PhD 

–  Director, WVU Water 
Research Institute 

•  Xingbo Liu, PhD 
–  Professor, Mechanical and 

Aerospace Engineering 
•  Aaron Noble, PhD 

–  Assistant Professor, Mining 
Engineering 

•  Tom He, PhD 
–  Chemist, WVU Water 

Research Institute 

External 
•  Consol Energy, Inc. 
•  Mepco Inc. 
•  Rosebud Mining Co. 
•  West Virginia Dept. of 

Environmental Protection 
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TECHNICAL BACKGROUND/
MOTIVATION FOR THE 
PROJECT 

With much thanks to  
Chuck Cravotta, PhD  
USGS, PA Field Office 

 
This was only possible because he 

shared his data set 
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AMD treatment flow diagram 



The WVU Energy Institute | energy.wvu.edu 

Acid mine drainage:   
TREE Concentration vs. raw water pH 
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Early Sludge Samples 
Sago/Sawmill-Lime DLM-Caustic 
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Sago (A) and DLM (B) 
AMD sludge samples from WV Freeport and 

Kittanning coals 
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𝑇𝑅𝐸𝐸𝑐= 𝛴(ΔREE)/(Ss x 3.34) x 106  
•  TREEc = estimated TREE concentration in treated AMD 

sludge (mg/kg) 

•  ΔREEa = change in AMD REE concentration:  pre and 
post-AMD treatment (mg/L) 

 
•  Ss        = sludge solids:  sum of major ions in raw AMD 

feed water:  Ca, SO4, Si, Fe, Mg, Mn (mg/L) 

Estimating Sludge REE Concentration 
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AMD vs Sludge 
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15 AMD sources  
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POTENTIAL SIGNIFICANCE OF 
THE RESULTS OF THE 
PROJECT 

1.  Economic development for coal 
communities 

2.  Diversify revenue streams for coal 
industry  

3.  Create domestic REE supply industry 
4.  Brownfield, not greenfield industry 
5.  Incentivize AMD treatment 
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Global Demand, 2015 
2015	demand 2015	supply

REE	as	oxide tons/year tons/year
total	REE 180,000													 208,500																								
cerium 65,500																 82,500																										
neodymium 37,500																 32,500																										
europium 750																						 600																																
terbium 475																						 400																																
dysprosium 2,750																		 1,800																													

%	Total	REE,	Proposed	Developments
concentration mg/kg basis location

0.0300% 300																						 total	REE south	China
0.0160% 160																						 Dysprosium Kipwa,	Canada
0.5800% 5,800																		 total	REE	(low) Dotson	Dike,	Alaska
1.0540% 10,540																 total	REE	(high) Dotson	Dike,	Alaska

Current, proposed developments 

Dotson Dike,  
Prince of Wales Is.  AK 
Greenfield, Th, U, paste backfill,  
Salmon/marine fishery, Federal 
land, Native land rights? 
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Goal:  2% TREE  
Range of feedstock quality 

req'd	conc.
mg/kg % factor	to	2%

20,000																	 2.00% 1
10,000																	 1.00% 2
5,000																				 0.50% 4
2,563																				 0.26% 8
1,282																				 0.13% 16
714																							 0.07% 28
357																							 0.04% 56
152																							 0.02% 132
76																										 0.01% 263

Average	top	15	PA	AMD	sites	(estimated)
DLM	sludge	(actual)
Sago	sludge	(actual)

TREE
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Valuation:  
shaded elements 
are critical 
materials 
(2009 prices) 
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Data Inputs 

Feedstock Characterization 
Ziemkiewicz 

Leaching/Extraction 
He 

Electro-Coagulation 
Liu 

Solvent Extraction 
He 

Interpret all data using 
nth order kinetics, with 
respect to experimental 
conditions and feedstock 
characterization.  

Economic Data 
Noble 

Develop and maintain 
database.  
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PROJECT STATUS 
•  AMD sludge samples collected from  

– Rosebud Mining: 
•  McVille Refuse, Freeport PA 
•  St. Michael UG discharge, St. Michael PA 

– Mepco Inc. 
•  Steel Shaft HDS plant, Greene Co. PA 

•  Acid extraction on those three samples 
– Complete dissolution of solids at pH1 and 2 in 

H2SO4 

•  Presentation to WV AMD Task Force 
– Morgantown 29 Mar 16 
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Rosebud Mining:  
McVille Refuse  
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Steel Shaft sludge dissolved in H2SO4, pH 1 

Everything else 
in solution 

Gypsum 
(most likely) 
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Conceptual Process Flowsheet  
AMD	Sludge	

(300	to	5,000	PPM	REE)	
Acid/AMD	
Dissolu:on	

Selec:ve	Electro-
Coagula:on	

Solvent	Extrac:on	

Rare	Earth	Oxalate	
(REE	>	2%)	

Rare	Earth	Precipitate	
(REE	>	2%)	

Process	Op*miza*on,	
Integra*on	&	Scale-Up	

Preliminary	Prototyping	
Design	Package	

Acid	Leachate	
(0.1	–	1%	REE)	

Techno-Economic	Analysis	
Data	Exchange	

Solid	Residue	
Waste	

Task	2.0	 Task	4.0	

Task	5.1	

Task	5.2	

Parallel	
Extrac:on	
Alterna:ves	

Task	6.0	 Task	7.0	Task	6.0	

Raffinate	

Stripping	

Precipita:on	
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FOR MORE INFORMATION 
PLEASE CONTACT 

Paul Ziemkiewicz 
Water Research Institute 
West Virginia University 

304 293 6958 
pziemkie@wvu.edu 

 


