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INTRODUCTION & PROJECT HISTORY

MANGANESE MARKET

A At least 10 kgs. of Manganese must be added to make 1 tonne
of steel.

A Total Manganese Market at 30 billion Ibs./year &growing @
8%lyear.

A Total Electrolytic Manganese Metal Market
at 2.6 billion Ibs./year dgrowing @ 26%/year
dHigh Strength Low Alloy Steels

A China dominates Electrolytic Manganese Metal Supply
A Holding 97.4% World Market share

A Supply susceptible to disruption; power restrictions,
environmental regulations depleting resources

A No North American Production
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CONVENTIONAL MANGANESE RECOVERY

CONVENTIONAL MANGANESE FLOWSHEET
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CONVENTIONAL MANGANESE RECOVERY

KEY UNIT OPERATIONBORE MILLING

A Milling to 80 to 90% < 75 On

ROM Ore

\< Dry Crush>/ A Surface Area of 2 to 5 m2/g

A REQUIRED FOR SUBSEQUENT ROASTING
— AND LEACHING STEPS!

Grind

REF: ULLAMANNGS ENCYCLOPEDI A OF | NDUSTRI AL CHEMI STRY: MANGANESE AND MA
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CONVENTIONAL MANGANESE RECOVERY

KEY UNIT OPERATIONBROASTING

Exhaus

A 800 to 900 °C

Baghouse

A 2MnQ, — 2MnO + Q

N

Exhaust Cool A Exhaust Contains Large Amount of Dust
N\
: A Exhaust must be cooled to 200 °C
Roast >
A Bag Filters Must Remove Dust
A Exposure Limits 0.03 mg/m3 to 25 mg/m 3
REF : ULLAMANNGS ENCYCLOPEDI A OF | NDUSTRI AL CHEMI STRY: MANGANESE AND MA
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CONVENTIONAL MANGANESE RECOVERY

KEY UNIT OPERATIONSLEACHING

H2S04
| A MnO + HSQ — MnSQ + H,0
Milled Leach
Ore —> —

reached Sy A 60 to 80 % Mn Recovery

REF: PLANT MANAGER AT SOUTH AFRICAN MN PRODUCER



CONVENTIONAL MANGANESE RECOVERY

KEY UNIT OPERATIONBREMAINDER

Reagent + H2S04 & MnSO4 to Leach
Aeration Reagent T
L |

L Purification Electrowinnin EMM
Lé?&ﬂ?%l\ﬁ : T

v

Impurity Cakes

v

Wash Water | Wash - Spent Rinse Water
Circuit
\%

Tailings

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

CONVENTIONAL MANGANESE RECOVERY PROCESS

ONLY ECONOMICAL WITH HIGH GRADE Mn ORE > 40% Mn !
AEXTENSIVE MILLING REQUIREMENTS

AROASTING ENERGY INTENSIVE

ADUST HANDLING REQUIREMENTS

ALOW RECOVERY OF Mn
REF: PLANT MANAGER AT SOUTH AFRICAN MN PRODUCER
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NEW HYDROMETALLURGICAL PROCESS

GOALS FOR ECONOMICAL RECOVERY FROM LOWER GRADE RESOURCE

A Minimize Milling Requirements

A Avoid High Temperature Roasting Requirements

A Improve Extraction of Mn from Resource

A Efficient Recovery of Water

A Economic Destruction of Un-Wanted By-Products

A ENVIRONMENTAL CONSIDERATIONSREEN PROCESS
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NEW HYDROMETALLURGICAL PROCESS

EXTENSIVE LABORATORY TEST PROGRAW09 TO 2010

A Partially Funded by Canadian Government 8NRC / IRAP

A Hydrometallurgical Process 8 Extension of Prior Work by USBM
A Integrates Modern Commercial Equipment d Robust Process

A Novel Approach to Water Recovery

A Novel Approach to Dealing with Un-Wanted By-Products

A US Provisional Patent Filed Aug 18, 20108 Serial No. 61/374,691
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NEW HYDROMETALLURGICAL PROCESS

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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NEW HYDROMETALLURGICAL PROCESS

NEW HYDROMETALLUGICAL FLOWSHEET

AMERICAN MANGANESE FLOWSHEET
ROM Ore
- A
v v sQ Reagent + E
(from Burner and A) Aeration Reagent Na,CQ H
: : ! ;
| | ! |
v l v l l | SQ
H,SQ| : '
Pre-Leach Reduction L Purification Precipitation \ | 5MwW
] , Leach 1 s : S Burner ELECTRICAL
Screen E " POWER
oIS i :
Wash Water Impurity Cakes H !
J 1 SQ :
Screen out Pebbl u/s Wash L A)N&;SQ By Product '
Circuit S '
J : |
Wash Watel LT Recycle Water i
Filter | .
||||||| HG. MnCgto Sales or i
—> Solid l B) EIECIIOWINNING  ~- - - =c o e e oo i
——> Liquid / Slurry Air+H+Q
----> Gas Washed Residues
to Back Fill

Novel Work by Kemetco / American Manganese
Remainder: Work Originating from the US Bureau of M
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NEW HYDROMETALLURGICAL PROCESS

s MILLING REQUIREMENTS
j Pre-Leach ﬂ
s L A Pre-Leach Calcite
A Leach MnQ

A Significant Particle Size Reduction

k
GG |
1'}‘ M"W | A MINIMIZE MILLING REQUIREMENTS!

\\ 4_‘ 3

I g “f / ‘
oAl icrof\s silicates # .
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NEW HYDROMETALLURGICAL PROCESS

LEACHING WITH SO

PRE-LEACHED
SLURRY —>

S BURNER

— S ELECTRICAL PO\

SQ

|
A2

Reduction
Leach

> LEACHED SLURRY

A MnQ +SQ — MnSQ
A MnQ +2SQ — MnSO;

A MnSO, = Manganese Dithionate (UnWanted)

A SQ FROM BURNING -SGENERATE ELECTRICTY



NEW HYDROMETALLURGICAL PROCESS

LABORATORY SOLEACH TRIAL

A > 90% Mn Extraction Initial Particle Size of 1.2 mm to 9.5 mm
A Larger Particle Take Longer Time

RESEARCH INC
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NEW HYDROMETALLURGICAL PROCESS

LEACHED
SLURRY

—

Reagent +

Aeration

L

Reagent

!

S

L

Purification

l

Impurity Cakes

Spent Rins

[¢]

<

Wash

Circuit

v

Filter

T Rinse Water
<

Washed Residues
to Back Fill

S/L SEPARATION & IMPURITIES REMOVAL

A pH + Aeration: Fe, Al, As, SiO2

A Sulfide Precipitation: Zn

A Solid Liquid Separation by CCD

A USBM Pilot Plant, Boulder City, NV (1940s)
= 2% Soluble Loss, 40% Underflow Density,

80% Solids After Filter Press

A Kemetco Bench Work
= 1% Soluble Loss, 38% Underflow Density

ASolid Tails Passed TCLP Test

eRESEARCH INC ilc

AMERICARN




NEW HYDROMETALLURGICAL PROCESS

TREATMENT OF PREGNANT LEACH SOLUTION

US Bureau of Mines

H20 + SO SQ
A\
T .
|
PLS EVAPORATOR s| MnSO4+MnS204 s MnO to Electrowinning
; "l CALCINE

A Extremely High Energy Usage (Latent Heat of Vaporization)

A USBM Pilot Plant at Boulder City
d Corrosion Problem in Evaporator Due to SO2



NEW HYDROMETALLURGICAL PROCESS

TREATMENT OF PREGNANT LEACH SOLUTION

AMERICAN MANGANESE INC

Na,CQ

l

PLS Precipitation

——>  A)NaSQ By Product

HG. MnCgxo
B) Electrowinning




NEW HYDROMETALLURGICAL PROCESS

TREATMENT OF PREGNANT LEACH SOLUTION

AMERICAN MANGANESE INC

Solubility of Sodium Sulfate vs. Temperature

A)NaSQ By Product s B
SQ to Leach %
A g
| VL 1
Na,SQ + Chill + Dehydration [~~~ % !
—>| Dithionate Crystallize > > Na,SQ for Sale g 107
40°C 250°C -
0 ‘ — :
0 50 100 150 200
\L Temperature (°C)
Con.c. !\l@SQ NanoFilter
& Dithionate Recycled Wate
\L 18 /
Recycled Water
to Wash Circuit = 7
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NEW HYDROMETALLURGICAL PROCESS

KEY ASPECTS

A Carbonate Precipitation Separates Mn from Dithionate

A Na,SQ and Na,S,0O, can be Significantly Removed From Solution
with Very Low Energy Usage

A By Significantly Reducing Na,SQ and Na,S,O, from Solution,
Water Recovery can be Achieved with Nanofiltration with Very
Low Energy Usage
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NEW HYDROMETALLURGICAL PROCESS

Na,SO, Recovery by Chilling = Established Commercial Process

Flant and the Proposed American Manganess Plant.

Comparison of Operating Conditions betessen the Lagura del Rey Sodium Sulphate

Laguna del
Fey, hlexd cot

Amencan
fManganese Inc

5 ,i _‘\M‘my./.:/*{:l ’;“/i 5 [Operating) (Froposed)
3 “—‘ A | ‘__-{ s Anbydrous Max50, Produdion Metric: Tonnes Per “ear 20,000 133,773
m;:i,z::’j;f \ j Y : 2 N/ Concentration of Ma-50,(g/L) 200 1580
(SEDRRERTATION | A e—
"_f‘~ ‘ Lcl; Walume Flow Rate (L/min) G200 1657
| ’% Installed Powver (W) 14 362 - 442
(= ! :{ Calculated Energy Consumplion (KMHTonne Ma=510,) 192 237 - 290
S8 |
Figure 4.15 Flow sheet for the Laguna de! Rey sodium sulfate plant. (From Ross, 1999, courtesy

of Servicios Industrias Penoles, S.A. de C.V.)

Donal d E. Handbook of

2001, pp 220 225.

Garrett, AfSodi um Sulfate, De |
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NEW HYDROMETALLURGICAL PROCESS

Nanofiltration / RO = Established Commercial Process

A DESALINATION: 2 KWh PerhwVater Processed

Ref : P. Geisler, W. Krumm, and T.A. Peters, AReducti on of DeshlieationVel.rligy200d,pm205210 f or seawat er F
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NEW HYDROMETALLURGICAL PROCESS

MASS & ENERGY
BALANCE

BASIS:

AMn Grade: 4.5%

AProcess Input: 3500 tpd ore
AProcess Output: 140 tpd Mn

Comparison of Power Usage to Recover Water by Simple Evaporation versus the

American Manganese Process.

Power Requirements for Simple Evaporation MW

Specific Heat to Raise Temperature From 25 °C to 100 20 8.83

Latent Heat Reguirements for Simple Evaporation B3.53
Low Grade Heat Recovery from Sulphur Burner Exhaust to 100 20 -1.78
Total Power with Simple Evaporation 70.57
American Manganese Water Recovery and Dithionate Destruction Process | MW

Fower to Chill MazSOy + NapS:0g Saolution from 26 2C to 0 °C and Crystallize | 7.77

Mas S04 10H: 0 and MagS; 0 2H;0

Fower to Heat Crystals from 0 20 ta 40 20 0.60

Power for Manofiltration 0.25

Fower to Calcing MazS04 and MNap3:05-2H: 0 Crystals to 267 o0 1.65

Heat Recavery from Mother Liquid at 0 202 -4.34
Low Grade Heat Recovery from Sulphur Burner Exhaust for Calcine -0.81

Low Grade Heat Recovery from Sulphur Burner Exhaust for Heating Crystals -0.60
Total Power with American Manganese Process 4.42
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NEW HYDROMETALLURGICAL PROCESS

Mn ELECTROWINNING

B) Electrowinning

Recycle Air + H+ Q
MnCQ CQ Reagent to S Burner A
|

v A v
Redissolve }———| Purification }———=| Electrowinning

v \

Impurities EMM

Spent Electrolyte Recycle



NEW HYDROMETALLURGICAL PROCESS

Mn ELECTROWINNING

Feead

Ivin 30 gl
(MHa4lz =04 130 g/l
Maz S0, 1 g/l

pH 5.2
Gatholyte

I¥n 15-15 g/l
pH 7 B-8
Flow rate 2 ml/min
Cathode area BB cm2
Current 24
Cathode Current density 50 AdmE
Temperature 3500
Electiodeposition time 18-24 h
Current efficiency 54-55%

74 ETCN L
[\ § EIQCOV a‘:l
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NEW HYDROMETALLURGICAL PROCESS

Current EMM Price
A $1.57/Ib. CIF Rotterdam
A $1.81/Ib. FOB US East Coast including 14% Import Duty

Estimated Production Costs Conventional (Roasting High Grade)
A China - $0.98/Ib., plus 20% export tax
A South Africa - $1.10/Ib

Ref: Plant Manager At Manganese Metal Producer in South Africa

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

A Mining $0.08/Ib
A Processing $0.12/Ib
A Electrowinning $0.24/1b

Total $0.44/lb

CONTINUOUS PILOT AND PRE-FEASIBILTY STUDY AND UNDERWAY
COMPLETION IN Q4 - 2011
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AMERICAN MANGANESE CONCEPTUAL FLOWSHEET No. 6A
MnCO, PRECIPITATION WITH CHILLER AND DITHIONATE CALCINE

AMERICAN

MANGANESE INC.
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SUMMARY AND CONCLUSIONS

GREEN PROCESS TO PRODUCE ELECTROLYTIC MANGANE
FROM LOW GRADE ORES AT ARTILLERY PEAK

Arhe 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.

ASaleable anhydrous sodium sulfatempduct will also be produced.

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