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PROPRIETARY AND CONFIDENTIAL INFORMATION 

 
The attached document contains proprietary and confidential information and is submitted 
under a confidential relationship for the sole purpose of defining the process system 
described herein.  It is solely for the use on the Whitehorse Project for Eagle Industrial 
Minerals Corp. and their engineering contractors in relation to that project. 
 
By accepting this document, Eagle Industrial Minerals Corp. agrees: 
 
a) Not to disclose to third parties or use any drawings, specifications, designs, processes or 

information supplied by FLSmidth in any manner detrimental to the interests of 
FLSmidth. 
 

b) Any special features peculiar to this design and information gained as a result of this 
document shall be treated as confidential and shall be the property of FLSmidth and will 
not be incorporated in whole or in part in other projects unless recipient obtains written 
permission from FLSmidth. 
 

c) Not to copy in whole or in part nor reveal its contents in any manner or for any other 
purpose except for the purpose stated herein.  It shall not be transmitted to third parties 
without the express written permission of FLSmidth. 
 

d) The forgoing applies, without limitation, to all documents prepared by FLSmidth in 
connection with this submission and the recipient acknowledges this document involves 
confidential, proprietary rights of FLSmidth and all design, manufacturing, reproduction, 
use and sale rights regarding same are expressly reserved. 
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1.0 SUMMARY 
 
FLSmidth Salt Lake City Inc. (FLS) was contracted by Eagle Industrial Minerals Corp. to 
conduct sedimentation, filtration and rheology testing on the Magnetite Concentrate and 
Tails samples for the Whitehorse Project.  Testing was conducted at the FLS Separations 
Laboratory in Midvale, Utah during December 2010.  
 
1.1  Tails 

 
Thickening objectives were accomplished by screening flocculants, determining feedwell 
design criteria related to effective feed conditioning for flocculation, conducting settling tests 
to determine sizing and design criteria, and by measuring thickened mud rheology to 
determine required rake torque and predict underflow manageability. 

 
Flocculant screening showed that SNF Flomin 905MC produced the best settling rates and 
overflow clarity.  SNF Flomin 905MC was used for this test campaign however any flocculant 
meeting those criteria could be substituted.   
 
The test results show that to provide the best condition for flocculation, the optimum feed 
solids concentration is 17.5-wt% for thickening the Tails stream.  The necessary feed 
dilution in the full scale thickener can be accomplished internally by an FLS E-Duc®, without 
adding any additional water to the system. 
 
Two Flowsheet options were investigated for the Tails stream: 
 

1.  Conventional Thickener 
2.  Paste Thickener 

 
Sizing and test results are shown in Table 1 for both options. 
 

TEST CONDITIONS Conventional Paste 
Design Feed Rate (mtph) 450 450 
Feed Solids Concentration (wt%) 17.5 17.5 
Flocculant Flomin 905MC Flomin 905MC 
Recommended Total Floc Dose (g/t)  0 10-15 
THICKENER SIZING 
Design Underflow Density (wt%) 52 72-73 
Design Overflow Solids (ppm) 150 <100 
Required U/F Retention Time (hr) 1 6-8 
Design U/F Yield Stress (Pa) <50 90-150 

Recommended Minimum Unit Area (m2/tpd) 0.80 0.04 

Recommended Minimum Thickener Diameter (m) 105 24 
Table 1:  Tails Thickener Results Summary 

 
FLS recommends the use of a paste thickener to process the Tails stream.  By using a paste 
thickener, higher U/F densities can be achieved at lower unit areas.   
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1.2  Magnetite Concentrate 
 
Two different flowsheet options are presented to process the magnetite concentrate 
material: 
 

1.  Thicken Magnetite Concentrate (Conventional Thickener) and filter underflow with 
Low Submergence Drum Filter. 

2.  Use Recessed Chamber Pressure Filter or Horizontal Belt Filter to process material as 
shown in flowsheet. 

 
Thickener sizing and test results are shown in Table 2. 
 

TEST CONDITIONS Mag Con - Conventional 

Design Feed Rate (mtph) 70 70 

Feed Solids Concentration (wt %) 22.5 55 

THICKENER SIZING 

Design Underflow Density (wt% Solids) 78 78 

Recommended Minimum Unit Area (m2/tpd) 0.017 0.02 

Recommended Minimum Thickener Diameter (m) 6 6.5 

Design U/F Yield Stress (Pa) <50 <50 

Overflow Clarity (ppm) <100 <100 

Table 2: Magnetite Concentrate Thickener Results Summary  
 
Filtration Testing was performed to simulate Drum Filter, Horizontal Belt Filter, and 
Recessed Chamber Pressure Filter operation. The objective of the filtration test work was to 
produce a filter cake with 9.5-wt% residual moisture.  
 
Vacuum filtration testing indicated that the Magnetite Concentrate stream can be filtered 
using an FLS Low Submergence Drum Filter (LSDF) or a Horizontal Belt Filter (HBF) to 
residual cake moisture of 7-wt%. The vacuum filtration results are summarized in Table 2. 
 

Vacuum Filtration Sizing Data LSDF HBF 

Production Rate (mtph) 70 70 

Filter Media NY-547F HE-4575 

Feed Solids (wt%) 78 55 

Cake Thickness (mm) 18 8 

Cake Loading (kg/m2) 47.8 20.1 

Cycle Time, (min) 0.65 0.5 

Cake Moisture (wt%) 7 7 

Filtration Rate, (kg/m2-hr) 1,560 1,923 

Required Filtration Area (m2) 45 36 

Table 3: Magnetite Concentrate Vacuum Filter Results Summary  
 
Both the LSDF and HBF will produce cakes with residual moistures less than the required 
9.5-wt% moisture.   
 
 
 
 



Eagle Industrial Minerals Corp. 
Whitehorse Project 

 

 

January 2011 
 

  

CONFIDENTIAL   Page 6 
 

 

Recessed Chamber Pressure Filtration testing indicated that the Magnetite Concentrate 
stream can be filtered using an FLS Automatic Recessed Chamber Filter Press. The results 
and are summarized in Table 4. 
 

Pressure Filtration Sizing Data 
Production Rate (mtph) 70 

Feed Solids (wt%) 55 

Filter Media POPR-955 

Cake Thickness (mm) 50 

Plate Size (mm x mm) 1200 x 1200 

# of Chambers 40 

Cycle Time (min) 5.7 

Cake Moisture (wt %) 9 

Dry Cake Bulk Density (kg/m3) 2,820 

Table 4: Magnetite Concentrate Pressure Filtration Results Summary & Sizing 
 
FLS recommends a (1) Model 1200FBM-40-PP-RP-HS-225-50mmFwash with 40 chambers to 
produce a filter cake with 9.5-wt% residual cake moisture. 
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 2.0 INTRODUCTION 
 
FLSmidth Salt Lake City Inc. (FLS) conducted sedimentation, filtration and rheology testing 
on the Magnetite Concentrate and Tails samples for the Whitehorse Project in December 
2010.  
 
Thickening and rheology tests were conducted on both the tails and concentrate materials.  
Filtration tests were only conducted on the magnetite concentrate. 
 
Thickener testing included screening flocculants, determining feedwell design criteria related 
to effective feed conditioning for flocculation, conducting settling tests to determine sizing 
and design criteria, and by measuring thickened mud rheology to determine required rake 
torque and predict underflow manageability. 
 
Filtration testing included vacuum and pressure filtration technologies.  
 
3.0 TEST RESULTS DETAILS 
 
3.1 Sample Characterization 
 
FLS received dry solids of both the Magnetite Concentrate and Tails.  The dry solids from 
each material were diluted with process water (provided by client) to form a homogenous 
slurry.  The slurries were agitated to give full suspension and a sample was taken for 
characterization and particle size analysis.  As received sample characterization is 
summarized in Table 5.  Particle size analysis is summarized in Table 6 with the results 
attached in the appendix. 
 

Characterization Concentrate Tails 
Solids Concentration (wt%) 50.4 68.6 
SG Solids 4.87 2.87 
SG Liquor 1 1 
pH 7.1 7.7 

Table 5: Sample Characteristic Summary 
 

Percent Passing Concentrate Tails 

D90 (µm) 112 208 

D80 (µm) 88 152 

D50 (µm) 48 64 

D10 (µm) 8.8 3.9 

Table 6: Malvern Laser Diffraction PSA 
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3.2 Flocculant Screening 
 
A range of flocculants were tested that are typically effective in similar applications.  The 
flocculants evaluated are summarized in Table 7. 
 

Flocculant Charge Molecular Weight Charge Density 

Ciba MF-10 Anionic High Very Low 
SNF Flomin 905MC Anionic Very High Low 
Hychem AF-309 Anionic High Medium 
Hychem AF-306HH Anionic Very High Medium 

Ciba MF-351 Non-Ionic Medium None 

Ciba MF-155 Anionic Medium Low-Medium 
Table 7:  Flocculants Evaluated 

 
Flocculant solutions were made to 0.1 g/L and the samples were diluted to a solids 
concentration that would facilitate dispersion.  Tests were conducted by adding the 
flocculant solution and mixing into a 250-mL cylinder and measuring the settling rate.   
Results are shown in Figures 1 and 2. 
 

 
Figure 1: Flocculant Screening – Whitehorse Tails 

 
The results showed that SNF Flomin 905MC produced the best settling rates for the tails 
material and was selected as the flocculant for the remainder of the testing. 
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FLS did not conduct flocculant screening tests on the Magnetite Concentrate.  This material 
will settle without flocculation aid.  The testing protocol did call for some tests to be 
completed with flocculant and therefore Flomin 905MC will be used for future testing on this 
stream as well.   
 
3.3 Flux Testing 
 
To determine the optimum slurry solids concentration for flocculation, settling flux tests 
were conducted.  The optimum condition is determined by measuring the initial settling 
velocity at various flocculant doses and slurry solids concentrations.   
 
A series of slurry solids concentrations were prepared in 250 mL cylinders and flocculant 
added over a range shown effective from the flocculant screening.  The initial bulk settling 
rate was measured and converted into the solids initial settling flux, tpd/m2.  The solids 
concentration and floc dose giving the highest initial settling flux was chosen as the criteria 
for the Continuous Fill Deep Tube Test and 2-Liter Static Test.  Results are shown in Figures 
2 and 3. 
 

 
Figure 2: Flux Testing – Magnetite Concentrate 
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Figure 3: Flux Testing – Tails 

 
The flux testing results indicate that a Concentrate thickener feed solids concentration of 
22.5-wt% feed solids and a Tails thickener feed of 17.5-wt% will give the best conditions for 
flocculation.  It should be noted that flux rates achieved during the flux testing are a 
relative comparison and cannot be used for final thickener sizing. 
 
3.4 Continuous Fill Deep Tube Test 
 
The Continuous Fill Deep Tube test serves two purposes: confirmation of the flocculant dose 
and solids settling flux which sets the unit diameter, and accumulation of a solids thickening 
bed as prescribed by the procedure to give a better prediction of the compaction rate and 
required bed residence time in a full scale thickener. 
 
The Continuous Fill Deep Tube tests were conducted by preparing a batch of feed slurry at 
the solids concentrations determined from the flux tests. Flomin 905MC flocculant solution 
was prepared at 0.1 g/L and added via a metering pump at the feed well.  
 
The typical fill time varies depending on the settling velocity.  The fill rate and flocculant 
dosage are initially set to be about 50% of the predicted solids flux rate at 100% of the 
expected flocculant dosage on a g/t basis.  After initial observations of floc structure and 
settling velocity, the test operator then increases the fill rate to approach the expected 
maximum while maintaining the floc solution flow rate, thus decreasing the floc dosage.  If 
floc structure and overflow clarity continue to be good, the decrease in dosage is noted and 
the test continued.  If degradation in floc structure or clarity is noted, the flocculant solution 
flow rate is increased until performance returns and the dosage noted. 
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Slow speed rakes are operating continuously during the fill and for the remainder of the 
test. 
 
Once a sufficient solids bed depth is achieved, the fill is stopped and the static portion of the 
test is continued.  Readings of bed height vs. time are taken until the drop in interface 
height ceases.  The time is noted. Compacted slurry is then removed from the cylinder 
without dilution to measure the solids concentration.  Results of the Continuous-Fill 
thickening test are summarized in Table 8 and shown in Figures 4. 
 

Test Conditions Tails 

Diluted Feed Solids Concentration (wt %) 17.5 
Floc Dose Range Tested Flomin 905MC (g/t) 10-24 

Unit Area Range Tested (m2/tpd) 0.017-0.10 

Est. Bed Solids (wt%) – 1 hr Retention  69.8 
Est. Bed Solids (wt%) – 2 hr Retention  71.2 
Est. Bed Solids (wt%) – 4 hr Retention 71.9 
Est. Bed Solids (wt%) – 6 hr Retention 72.6 
Est. Bed Solids (wt%) – 8 hr Retention 73 
Final Bed Solids (wt%)  74.2 (24 hr) 
Overflow Clarity (ppm) <100 
Recommended Total Floc Dose (g/t) 10-15 

Recommended Minimum Unit Area (m2/tpd) 0.04 

Table 8: Continuous Fill Deep Tube Cylinder Test Results 
 

 
Figure 4: Continuous Fill Deep Tube Test Retention Results – Tails 
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3.5 2-Liter Static Tests. 
 
Static 2-Liter cylinder batch tests were conducted to verify the initial settling velocity and 
other thickening sizing criteria for the Concentrate and Tails Samples at conditions selected 
as optimum from the flux testing.  A 2-Liter cylinder is used to diminish sidewall effect. 
 
The static tests are conducted by adding the flocculant solution to give the desired dose 
using a mixing plunger designed to add flocculant to the slurry as it is mixed in the cylinder.  
The methodology simulates the mixing intensity and retention time typical in the FLS E-
Duc® feed well system. 
 
Once flocculant was added, the mixing was stopped and measurements of interface height 
vs. time were noted.  The test was run through the initial settling time until the drop in 
interface height ceased. 
 
For data correlation of the static test results, the Wilhelm-Naide methodology was used.  
The correlated results, using this method, represent unit area sizing for High Rate 
Thickeners designed to operate at an average effective bed depth of 1m.  The static test 
results also;  
 

a) Establish preliminary criteria for the design of High Density and Paste thickeners 
(which operate at bed depths greater than 1 m) 
b) Establish a basis for setting up the FLS Continuous Fill Deep Tube test, a 
discussion of which follows. 

   
Results of static tests are summarized in Table 9 with the settling curves in the appendix. 
 
Static Test Data Concentrate Tails 
Feed Solids (wt %) 22.5 22.5 55 17.5 17.5 26.8 

Flocculant Dose (g/t) 0 2 0 0 15 0 

Initial Settling Velocity (m/hr) 18.1 36.2 4.4 0.53 24.4 0.24 

Final Underflow Solids (wt%) 82.7 79.8 84.3 62 67 60.2 

Overflow Clarity (ppm) <150 <100 <100 100 <100 100 
Table 9:  2 Liter Static Test Results Summary 

 
3.6 Underflow Rheology 
 
Thickened underflow from the deep tube thickening tests was used for the determination of 
underflow rheology. 
 
Process liquor was used to dilute the sample through a series of solids concentrations.  The 
yield stress is measured as a function of solids concentration as the dilutions are preformed. 
 
The apparatus used to measure the yield stress is the Haake VT550 Viscometer fitted with a 
custom vane.  The vane is unique to FLS and was designed to measure yield stress for the 
purposes of selecting torque for FLS Thickeners and to predict limits of manageable 
underflow densities.  Figures 5 and 6 show the thickened underflow rheology results for the 
samples tested.  
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Figure 5: Underflow Rheology Results – Magnetite Concentrate 

 

 
Figure 6: Underflow Rheology Results – Tails 
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Expected underflow densities from the Concentrate and Tails Thickeners will be 
approximately 78-80-wt% and 71-73-wt% respectively.  
 
Figures 5 show the design thickener underflow solids will have a yield stress of less than 50 
Pascals, which is indicative of a High Rate Thickener for the Magnetite Concentrate material. 
The Magnetite Concentrate thickener underflow will be used as the feed to a vacuum or 
pressure filter.    
 
Figure 6 shows the design thickener underflow solids will have a yield stress between 75 
and 150 Pa, which is indicative of a Paste thickener.  The Tails material can be pumped up 
to 73-wt% solids by standard centrifugal pump guidelines (175 Pa).  If higher underflow 
density is desired for the Tails material, a positive displacement pump is recommended. 
 
3.7 Vacuum Filtration 
 
Vacuum filtration leaf testing was conducted on the magnetite concentrate with top and 
bottom feed methods to simulate FLS Horizontal Belt and Low Submergence Drum Filter 
operation.  The filter feed slurry was adjusted to 78-wt% for the Low Submergence Drum 
Filter (to simulate thickener underflow) and 55-wt% solids for the Horizontal Belt Filter.  
These two types of filters will represent different process conditions in the flowsheet. 
 
Filter media screening was conducted and the chosen filter media exhibited the best overall 
performance based on filtration rate, filtrate clarity, cake release, and resistance to blinding.  
The screening resulted in the selection of a Polyester filter media designated HE-4570 with 
an air permeability of 14-scfm/ft2 for the Belt Filter testing and a Nylon filter media 
designated NY-547F with an air permeability of  50-70-scfm/ft2 for the Drum Filter testing.  
 
The correlation curves relate cake thickness to dry cake loading, W (expressed as kg/m2); 
cake dry solids weight to cake formation time; and cake moisture to drying time divided by 
cake loading or Moisture Correlation Factor.  Figure 7 presents the relationship between 
cake loading and cake thickness.  A cake thickness is selected and the dry cake loading is 
determined.  Form time is determined from Figure 8 using the dry cake loading.  The drying 
time is determined by selecting the desired moisture and using the dry cake loading factor 
along with the curve presented in Figure 9. Figures 7-9 are the correlation curves for the 
Low Submergence Drum Filter testing with the Figures 10-12 related to the Horizontal Belt 
Filter testing. 
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Figure 7: Cake Loading vs. Cake Thickness –Low Submergence Drum Filter 

 

 
Figure 8: Cake Loading vs. Cake Form Time – Low Submergence Drum Filter 
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Figure 9:  Cake Moisture vs. Moisture Factor – Low Submergence Drum Filter 

 

 
Figure 10: Cake Loading vs. Cake Thickness – Horizontal Belt Filter 
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Figure 11: Cake Loading vs. Cake Form Time - Horizontal Belt Filter 

 

 
Figure 12:  Cake Moisture vs. Moisture Factor - Horizontal Belt Filter 
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A summary of the vacuum filter tests are summarized in Table 11 with the actual filtration 
testing data located in the appendix. 
 

Vacuum Test Data Drum Filter Belt Filter 
Filter Media NY-547F HE-4570 
Feed Solids (wt%) 78 55 
Cake Thickness (mm) 13-25 5-28.5 
Form Vacuum (in. Hg) 5 22 
Form Time (s) 2-10 3-48 
Dry Vacuum (in. Hg) 22 21 
Dry Time (s) 0 – 180 0 – 120 
Cake Moisture (wt%) 5.7 - 15.2 5.3 – 15.0 

Table 11:  Mag Con - Vacuum Filter Test Summary 
 
The results from the vacuum filtration tests indicate the target cake moisture of 9.5-wt% 
can be achieved using a vacuum low submergence drum or belt filter. 
 
3.9 Recessed Chamber Pressure Filtration 
 
Recessed chamber pressure filtration work was conducted in a small single chamber bench 
test apparatus. The bench test apparatus allows for different cake thickness and feed 
pressures, as well as simulation of the recessed chamber process.   
 
The bench test is conducted by pumping feed slurry into the double sided chamber.  Filtrate 
production is measured with respect to time while the chamber is filling.  Once the chamber 
is full the pumping is stopped and the air-blow portion of the cycle begins.  Filtrate 
production is once again measured with respect to time throughout the air-blow cycle. 
 
Once again, filter media screening was conducted.  The tests were performed with the filter 
media Polypropylene 955 (POPR-955) with an air permeability of 5-scfm/ft2. 
 
The results for the pressure filtration tests conducted on the Whitehorse Magnetite 
Concentrate slurry are summarized in Table 12 with the actual filtration data located in the 
appendix. 
 

Test Conditions Test 1 Test 2 
Feed Pressure (bar) 9.6 9.6 
Cake Thickness (mm) 50 50 
Feed Solids Concentration (wt%) 55 55 
Feed Time (min) 2.5  4 
Cake Blow Pressure (bar) 1.7 1.7 
Cake Blow (min) 10 13 
Final Cake Moisture (wt%) 4.5 4.7  

Table 12:  Mag Con - Pressure Filtration Results Summary  
 
The results from the recessed chamber pressure filtration indicate the target cake moisture 
of 9.5-wt% at a dry bulk cake density of 2,820-kg/m3-hr can be achieved using recessed 
chamber pressure filtration technologies. 
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4.0 CONCLUSIONS and RECOMMENDATIONS 
 
4.1 Conclusions - Tails 
 
Flocculant screening showed that an anionic polyacrylamide flocculant with a very high 
molecular weight and low charge density produced the best settling rates and overflow 
clarity.  SNF Flomin 905MC was used for this test campaign however any flocculant meeting 
those criteria could be substituted. 
 
Flux testing showed the optimum feedwell suspended solids concentration for flocculation is 
17.5-wt% solids.  Dilution to the target feed solids concentration can be achieved using FLS 
E-Duc® feedwell system and would not require adding additional water to the system. 
 
Two different flowsheet options are presented to process the Tails material: 
 

1.  Conventional Thickener 
2.  Paste Thickener 

 
Sizing for both of these options are shown in the following sections. 
 
4.1.1 Conventional Thickener 
 
The conventional thickener for the Tails material will not employ flocculation aid but the 
option exists to dilute the feed solids using FLS E-Duc technology.  Sizing is shown in Table 
13. 
 

TEST CONDITIONS Tails - Conventional 

Design Feed Rate (mtph) 450 450 

Feed Solids Concentration (wt%) 17.5 26.8 

RHEOLOGICAL CHARACTERISTICS 

Est. Bed Solids at 0.5 hr Retention Time (wt%)/ Est. Yield Stress 36 (<50 Pa) 35 (<50 Pa) 

Est. Bed Solids at 1 hr Retention Time (wt%)/ Est. Yield Stress  52 (<50 Pa) 46 (<50 Pa) 

Est. Bed Solids at 1.5 hr Retention Time (wt%) / Est. Yield Stress 57 (<50 Pa) 56 (<50 Pa) 

Est. Bed Solids at 2 hr Retention Time (wt%) / Est. Yield Stress  62 (<50 Pa) 60 (<50 Pa) 

THICKENER SIZING   

Design Underflow Density (wt% Solids) 52 46 

Recommended Minimum Unit Area (m2/tpd) 0.80 1.07 

Recommended Minimum Thickener Diameter (m) 105 122 

Design U/F Yield Stress (Pa) <50 <50 

Overflow Clarity (ppm) 150 150 

Table 13: Summary of Thickener Test Results – Tails Conventional   
 
Results show that U/F densities between 46-52 wt% solids can be achieved using a 
conventional thickener.  Diluting the feed solids to 17.5 wt% solids will increase the U/F 
solids to 52 wt% as compared to a non diluting thickener that will produce U/F solids of 46 
wt% solids.  Dilution of feed solids will also results in a lower unit area. 
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4.1.2 Paste Thickener 
 
Paste thickener option for the Whitehorse Tails streams yields the following test results and 
sizing shown in Table 14. 

 
TEST CONDITIONS Tails - Paste 

Design Feed Rate (MTPH) 450 

Feed Solids Concentration (wt %) 17.5 

Recommended Total Floc Dose 905MC  (g/t)  10-15 

RHEOLOGICAL CHARACTERISTICS  

Est. Bed Solids at 1 hr Retention Time (wt%)/ Est. Yield Stress  69.8 (<50 Pa) 

Est. Bed Solids at 2 hr Retention Time (wt%) / Est. Yield Stress 71.2 (75 Pa) 

Est. Bed Solids at 4 hr Retention Time (wt%) / Est. Yield Stress  71.9 (90 Pa) 

Est. Bed Solids at 6 hr Retention Time (wt%) / Est. Yield Stress 72.6 (140 Pa) 

Est. Bed Solids at 8 hr Retention Time (wt%) / Est. Yield Stress 73 (150 Pa) 

THICKENER SIZING  

Design Underflow Density (wt% Solids) 72-73 

Recommended Minimum Unit Area (m2/tpd) 0.04 

Recommended Minimum Thickener Diameter (m) 24 

Design U/F Yield Stress (Pa) 90-150 

Overflow Clarity (ppm) <100 

Table 14: Summary of Thickener Test Results – Tails Paste  
 

A paste thickener can be used to produce underflow at 72-73-wt% solids at a recommended 
minimum unit area of 0.04-m2/tpd.  The underflow at this density will have a yield stress 
between 90-150 Pa. 
 
4.2 Recommendations – Tails 
 
FLS recommends a 24-m paste thickener to produce underflow at 72-73wt% solids.  This is 
preferred over a conventional thickener.  The paste thickener will use a low dosage of 
flocculant (10-15 g/t) to achieve high underflow density.   
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4.3 Conclusions – Magnetite Concentrate 
 
Flocculant screening showed that an anionic polyacrylamide flocculant with a high molecular 
weight and low to medium charge density produced the best settling rates and overflow 
clarity.  Ciba Magnafloc 1011 was used for this test campaign however any flocculant 
meeting those criteria could be substituted. 
 
Flux testing showed the optimum feedwell suspended solids concentration for flocculation is 
22.5-wt% solids.  Dilution to the target feed solids concentration can be achieved using FLS 
E-Duc® feedwell system and would not require adding additional water to the system. 
 
Four different filtration technologies were simulated during this test campaign (Low 
Submergence Drum Filter, Horizontal Belt Filter, and Recessed Chamber Pressure Filter)The 
results contained in this report indicate that the Magnetite can be dewatered using any of 
the technologies. 
 
Two different flowsheet options are presented to process the magnetite concentrate 
material: 
 

1.  Thicken Magnetite Concentrate and filter underflow with Low Submergence Drum 
Filter 

2.  Use Recesssed Chamber Pressure Filter or Horizontal Belt Filter to process material 
as shown in flowsheet. 

 
Flowsheet shows that residual cake moisture must be below 9.5-wt%.  
 
 
4.3.1 Conventional Thickener/Low Submergence Drum Filter 
 
The conventional thickener for the magnetite concentrate material will not employ 
flocculation aid but the option exists to dilute the feed solids using FLS E-Duc technology.  
Sizing is shown in Table 5. 
 

TEST CONDITIONS Mag Con - Conventional 

Design Feed Rate (mtph) 70 70 

Feed Solids Concentration (wt%) 22.5 55 

THICKENER SIZING   

Design Underflow Density (wt% Solids) 78 78 

Recommended Minimum Unit Area (m2/tpd) 0.017 0.02 

Recommended Minimum Thickener Diameter (m) 6 6.5 

Design U/F Yield Stress (Pa) <50 <50 

Overflow Clarity (ppm) <100 <100 

Table 15: Summary of Thickener Test Results – Mag Con   
 
A conventional thickener will produce U/F solids of 78-wt% for the magnetite concentrate.  
This can be accomplished with and without dilution of feed solids. Diluting the feed solids 
will results in a lower unit area.  The underflow from the conventional thickener will be used 
as feed to a low submergence drum filter (LSDF).  Table 16 shows the test results and 
sizing for the low submergence drum filter. 
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Test Data LSDF 
Solids (mtph) 70 
Filter Media NY-547F 
Feed Solids (wt%) 78 
Cake Thickness (mm) 18 
Cake Loading (kg/m2) 47.8 
Cycle Time (min) 0.65 
Cake Moisture (wt%) 7 
Filtration Rate (kg/m2-hr) 1,560 
Required Filter Area (m2) 45 

Table 16: Summary of Low Submergence Drum Filter Test Results – Mag Con   
 
The LSDF will produce residual cake moisture lower than 9.5-wt%.  Residual cake moisture 
of 7-wt% was chosen for this material based on total cycle time that is fixed by the 
geometry of the LSDF. 
 
4.3.1 Horizontal Belt Filter/Recessed Chamber Pressure Filter 
 
The magnetite concentrate is produced at 55-wt% per the flowsheet design.  At this feed 
density, the material can be filtered using two filter technologies: Horizontal Belt Filter 
(HBF) and Recessed Chamber Pressure Filter.  Test results and sizing rates are found in 
table 17-18. 
 

Test Data HBF 
Solids (mtph) 70 
Filter Media HE-4575 
Feed Solids (wt%) 55 
Cake Thickness (mm) 8 
Cake Loading (Kg/m2) 20.1 
Cycle Time (min) 0.5 
Cake Moisture (wt%) 7 
Filtration Rate (kg/m2-hr) 1,923 
Required Filter Area (m2) 37 

Table 17: Summary of Horizontal Belt Filter Test Results – Mag Con  
 

Test Conditions 
 Feed Pressure (bar) 9.6 

Cake Thickness (mm) 50 
Feed Solids Concentration (wt%) 55 
Cake Blow Pressure (bar) 1.7 
Total Cycle Time (min) 5.7 
Final Cake Moisture (wt%) 9.5 

Table 18: Summary of Automatic Filter Press Test Results – Mag Con   
 
Both technologies (HBF and Pressure) will produce cakes with residual cake moistures less 
than 9.5-wt%.  The HBF was designed at residual cake moisture of 7-wt%.  This was chosen 
based on the geometry and belt speed of the filter.  The pressure filter was designed to 
produce residual cake moisture of 9.5-wt%.    
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4.2 Recommendations – Magnetite Concentrate 
 
Both options presented will produce cakes with less than 9.5 wt% moisture.  An economical 
analysis will need to be completed to determine which option will allow the process to be 
most efficient. 
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A1. Particle Size Analysis 
 
Concentrate 
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Tails 

 

The Tails Sample required wet screening and the fine fraction measured using a Malvern 
Laser Diffraction Analyzer, for the appropriate particle size distribution. 
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A2.  2-Liter Static Test Settling Curves 
 

Magnetite Con, 22.5 wt% Feed, No flocculant 
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Magnetite Con, 22.5 wt% Feed, 2 g/t Flocculant 
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Magnetite Con, 55 wt% Solids, No Flocculant 
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Tails, 17.5 wt% Solids, No Flocculant 
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Tails, 17.5 wt% Solids, 15 g/t  

 

 

 

 

 

 

 

 

 

 

 

 

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0 14 28 42 56 70 84 98 112 126

In
te

rfa
ce

 H
ei

gh
t -

M
et

er
s

Settling Time (minutes)

Batch Interface Settling Data
Eagle Industrial Mineral Corp:  Whitehorse Tails Test 1



Eagle Industrial Minerals Corp. 
Whitehorse Project 

 

 

January 2011 
 

  

CONFIDENTIAL   Page 32 
 

 

Tails, 26.8 wt%, No flocculant 
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A3.  Vacuum Filtration Data 
 
Horizontal Belt Filter Data 
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LSDF Vacuum Filter Data 
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A4. Pressure Filtration Data 
 
 
Pressure Test 1 
 

 
 
 
 
 
 
Pressure Test 2  
 

LABORATORY PRESSURE FILTRATION TEST DATA

Customer: Test No: 1
Material: Test Date: 1-Dec-2010
Filter Cloth: Slurry Solids concentration, wt%: 55%
Test Performed By: CB

Filtration Test Data:
Chamber Diameter, mm 78 Units: g-ml_X_ kg-l___
Chamber Area, ft2: 0.05143 Cake Weight: Total Partial Tare
Chamber Volume, ft3: 0.00844 Wet: 720.06 224.52 15.09
Cake Thickness, mm Dry: 688.35 215.10 15.09

Initial: 50 Line # of Constant Pressure: 3
Final: 50 Slurry Temperature,C: 25

Density, g/cc Wash Temperature,C:
Dry Solids: 4.86 Solute Analysis conversion factor(to g/l or kg):

Liquid: 1.00 Solute Analysis units:
Cake Density,g/cc:

Time, min
Feed 

Pressure, psig Volume, mL Time, min
Air Pressure, 

psig
Volume, 

mL
Air Flow, 

L/min
1 0 0 0 0 0 0 0
2 0.25 70 382 0.5 40 64 2.9
3 0.5 70 160 1 40 74 2.9
4 0.75 100 90 2 30 6.2 2.9
5 1 140 50 3 30 4.2 2.9
6 1.5 140 50 4 25 2.4 2.9
7 2 140 52 5 25 2.2 2.9
8 2.5 140 44 6 25 1.4 2.9
9 8 25 1.8 2.9

10 9 25 0.9 2.9
11 10 25 0.6 2.9
12
16
17
18
19
20
21
22

Filtrate pH: Filtrate Suspended Solids,mg/l:
Cake Solute Analysis, g/kg(report only 1Wet Cake: Dry Cake:
Comments: (cake, filtrate description, chemical addition,etc.)

White Horse 
Mag Concentrate
POPR 955

FILTRATION DATA AIR BLOW
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LABORATORY PRESSURE FILTRATION TEST DATA

Customer: Test No: 2
Material: Test Date: 2-Dec-2010
Filter Cloth: Slurry Solids concentration, wt%: 55%
Test Performed By: CB

Filtration Test Data:
Chamber Diameter, mm 78 Units: g-ml_X_ kg-l___
Chamber Area, ft2: 0.05143 Cake Weight: Total Partial Tare
Chamber Volume, ft3: 0.00844 Wet: 723.56 242.08 15.05
Cake Thickness, mm Dry: 690.39 231.45 15.05

Initial: 50 Line # of Constant Pressure: 3
Final: 50 Slurry Temperature,C: 25

Density, g/cc Wash Temperature,C:
Dry Solids: 4.86 Solute Analysis conversion factor(to g/l or kg):

Liquid: 1.00 Solute Analysis units:
Cake Density,g/cc:

Time, min
Feed 

Pressure, psig Volume, mL Time, min
Air Pressure, 

psig
Volume, 

mL
Air Flow, 

L/min
1 0 0 0 0 0 0 0
2 0.25 70 483 0.5 25 62 2.9
3 0.5 100 50 1 23 8 2.9
4 0.75 140 68 2 20 5.9 2.9
5 1 140 43 3 20 4.4 2.9
6 1.25 140 36 4 20 2.4 2.9
7 1.5 140 30 5 20 2.2 2.9
8 1.75 140 28 7 20 2.4 2.9
9 2 140 24 10 17 2.8 2.9

10 2.25 140 17 13 17 1 2.9
11 2.75 140 37
12 3.15 140 25
16 4 140 26
17
18
19
20
21
22

Filtrate pH: Filtrate Suspended Solids,mg/l:
Cake Solute Analysis, g/kg(report only 1Wet Cake: Dry Cake:
Comments: (cake, filtrate description, chemical addition,etc.)

White Horse 
Mag Concentrate
POPR 955

FILTRATION DATA AIR BLOW
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