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MANGANESE MARKET 
ÅAt least 10 kgs. of Manganese must be added to make 1 tonne 

of steel.  

ÅTotal Manganese Market at 30 billion lbs./year ð growing @ 

8%/year. 

ÅTotal Electrolytic Manganese Metal Market                              

at 2.6 billion lbs./year ð growing @ 26%/year                            

ð High Strength Low Alloy Steels 

ÅChina dominates Electrolytic Manganese Metal Supply 

ÅHolding 97.4% World Market share 

ÅSupply susceptible to disruption; power restrictions, 

environmental regulations depleting resources  

ÅNo North American Production  
 

 

 

 

 

 

Slide No. 3 ï March 2, 2011 



Slide No. 4 ï March 2, 2011 

CONVENTIONAL MANGANESE FLOWSHEET 
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ROM Ore

Grind

Dry Crush

KEY UNIT OPERATIONS ð ORE MILLING 

 

ÅMilling to 80 to 90% < 75 Õm 

 

ÅSurface Area of 2 to 5 m2/g  

 

ÅREQUIRED FOR SUBSEQUENT ROASTING 

AND LEACHING STEPS! 
 

 

 

 

 

 

REF:  ULLAMANNõS ENCYCLOPEDIA OF INDUSTRIAL CHEMISTRY:  MANGANESE AND MANGANESE ALLOYS 
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KEY UNIT OPERATIONS ð ROASTING 

 

Å 800 to 900 oC 

 

Å 2MnO2  2MnO + O2 

 

Å Exhaust Contains Large Amount of Dust 

 

Å Exhaust must be cooled to 200 oC 

 

Å Bag Filters Must Remove Dust  

 

Å Exposure Limits 0.03 mg/m 3 to 25 mg/m 3 

REF:  ULLAMANNõS ENCYCLOPEDIA OF INDUSTRIAL CHEMISTRY:  MANGANESE AND MANGANESE ALLOYS 
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KEY UNIT OPERATIONS ð LEACHING 

 

Å MnO + H2SO4  MnSO4 + H2O 

 

Å 60 to 80 % Mn Recovery 

REF:  PLANT MANAGER AT SOUTH AFRICAN MN PRODUCER 
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KEY UNIT OPERATIONS ð REMAINDER  

REF:  PLANT MANAGER AT SOUTH AFRICAN MN PRODUCER 
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CONVENTIONAL MANGANESE RECOVERY PROCESS 

 

ONLY ECONOMICAL WITH HIGH GRADE Mn ORE > 40% Mn ! 

 

ÅEXTENSIVE MILLING REQUIREMENTS 

 

ÅROASTING ð ENERGY INTENSIVE 

 

ÅDUST HANDLING REQUIREMENTS 

 

ÅLOW RECOVERY OF Mn  

 

 REF:  PLANT MANAGER AT SOUTH AFRICAN MN PRODUCER 
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GOALS FOR ECONOMICAL RECOVERY FROM LOWER GRADE RESOURCES 

 

ÅMinimize Milling Requirements 

ÅAvoid High Temperature Roasting Requirements 

Å Improve Extraction of Mn from Resource 

ÅEfficient Recovery of Water  

ÅEconomic Destruction of Un-Wanted By-Products 

ÅENVIRONMENTAL CONSIDERATIONS ð GREEN PROCESS 
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EXTENSIVE LABORATORY TEST PROGRAM ð 2009 TO 2010  

 

ÅPartially Funded by Canadian Government ð NRC / IRAP 

ÅHydrometallurgical Process ð Extension of Prior Work by USBM 

Å Integrates Modern Commercial Equipment ð Robust Process 

ÅNovel Approach to Water Recovery 

ÅNovel Approach to Dealing with Un-Wanted By-Products 

ÅUS Provisional Patent Filed Aug 18, 2010 ð Serial No. 61/374,691 



ARTILLERY PEAK 

American Manganese controls the entire manganese 
district  which comprises 112 patented and 254 
unpatented lode mining claims. These mining claims 
contain several deposits and stockpiles that were 
worked sporadically from 1928 to 1955.  The United 
States Bureau of Mines has described the Artillery 
Peak Manganese Resource as the largest low grade 
deposit in the south western United States. The 
Artillery Manganese project covers an area of 
approximately 12 sq. miles.  
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AMERICAN MANGANESE FLOWSHEET 
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Novel Work by Kemetco / American Manganese

Remainder:  Work Originating from the US Bureau of Mines

NEW HYDROMETALLUGICAL FLOWSHEET 
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(from Burner and A)
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MILLING REQUIREMENTS 

 

ÅPre-Leach Calcite 

 

ÅLeach MnO2 

  

ÅSignificant Particle Size Reduction  

 

ÅMINIMIZE MILLING REQUIREMENTS! 
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LEACHING WITH SO2 

 

Å MnO2 + SO2  MnSO4 

 

Å MnO2 + 2SO2  MnS2O6 

 

Å MnS2O6 = Manganese Dithionate (Un-Wanted) 

 

Å SO2 FROM BURNING  S - GENERATE ELECTRICTY 

S BURNER ELECTRICAL POWER

SO2

Reduction

Leach
LEACHED SLURRY 

PRE-LEACHED 

SLURRY 



Slide No. 16 ï March 2, 2011 

LABORATORY SO2 LEACH TRIAL 

 

Å > 90% Mn Extraction Initial Particle Size of 1.2 mm to 9.5 mm  

Å Larger Particle Take Longer Time 
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S/L SEPARATION & IMPURITIES REMOVAL 
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Å  pH + Aeration:  Fe, Al, As, SiO2 

 

Å Sulfide Precipitation:  Zn  

 

Å Solid Liquid Separation by CCD 

 

Å USBM Pilot Plant, Boulder City, NV (1940s) 

= 2% Soluble Loss, 40% Underflow Density,    

   80% Solids After Filter Press 

 

Å Kemetco Bench Work  

= 1% Soluble Loss, 38% Underflow Density 

 

Å Solid Tails Passed TCLP Test  
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SLURRY 



Slide No. 18 ï March 2, 2011 

TREATMENT OF PREGNANT LEACH SOLUTION 
US Bureau of Mines 
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Å  Extremely High Energy Usage (Latent Heat of Vaporization)  

 

Å  USBM Pilot Plant at Boulder City  

 ð Corrosion Problem in Evaporator Due to SO2 
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TREATMENT OF PREGNANT LEACH SOLUTION 
AMERICAN MANGANESE INC 
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TREATMENT OF PREGNANT LEACH SOLUTION 
AMERICAN MANGANESE INC 
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KEY ASPECTS 
 

ÅCarbonate Precipitation Separates Mn from Dithionate  

 

ÅNa2SO4 and Na2S2O6 can be Significantly Removed From Solution 

with Very Low Energy Usage 

 

ÅBy Significantly Reducing Na2SO4 and Na2S2O6 from Solution, 

Water Recovery can be Achieved with Nanofiltration with Very 

Low Energy Usage  
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Na2SO4 Recovery by Chilling = Established Commercial Process  

Donald E. Garrett, ñSodium Sulfate, Handbook of Deposits, Processing, Properties, and Useò, Academic Press, 
2001, pp 220 ï 225. 
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Nanofiltration / RO = Established Commercial Process  

 

Å DESALINATION:  2 KWh Per m3 Water Processed  

 

Ref:  P. Geisler, W. Krumm, and T.A. Peters, ñReduction of the energy demand for seawater RO with pressure exchange systemsò, Desalination, Vol. 135, 2001, pp 205-210 
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MASS & ENERGY 

BALANCE 

 

BASIS: 
ÅMn Grade:  4.5% 

ÅProcess Input:  3500 tpd ore 

ÅProcess Output:  140 tpd Mn 
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Mn ELECTROWINNING 
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Mn ELECTROWINNING 



Estimated Operating Costs of New Process (Based on Bench Work)  

Å Mining  $0.08/lb  

Å Processing   $0.12/lb  

Å Electrowinning  $0.24/lb  

                Total          $0.44/lb  
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Estimated Production Costs Conventional (Roasting High Grade)   

Å China - $0.98/lb., plus 20% export tax 

Å South Africa - $1.10/lb 
Ref:  Plant Manager At Manganese Metal Producer in South Africa 

Current EMM Price  

Å   $1.57/lb. CIF Rotterdam 

Å   $1.81/lb. FOB US East Coast including 14% Import Duty  

CONTINUOUS PILOT AND PRE-FEASIBILTY STUDY AND UNDERWAY 

COMPLETION IN Q4 - 2011 
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GREEN PROCESS TO PRODUCE ELECTROLYTIC MANGANESE 
FROM LOW GRADE ORES AT ARTILLERY PEAK 
 

ÅThe robust energy efficient patent pending process will produce high purity electrolytic 
manganese (greater than 90% extraction) while minimizing water and energy use, and the 
potential environmental foot print.  The conceptual process flow sheet is based on a unique 
application of commercially available process equipment.  
 

ÅSaleable anhydrous sodium sulfate by-product will also be produced.   

 

ÅSolid tailings with minimum water content produced by pressure filtration shown to be 
benign by the Toxicity Characteristic Leaching Procedure.  Can be returned to mined-out 
areas of the open pit facilitating immediate progressive reclamation of disturbed areas. 
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