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1. GENERAL INFORMATION 
 

Minemakers Limited’s (Minemakers) 100% owned Wonarah phosphate project is the 
largest known phosphate deposit in Australia.   

The current estimated mineral resources are set out above.  Mineral resources that are not 
mineral reserves do not have demonstrated economic viability.  Inferred resources are 
considered too speculative geologically to have economic considerations applied to them 
that would enable them to be classified as mineral reserves.  There is no assurance that 
any part of the Inferred resources will ultimately be converted to mineral reserves. 

Minemakers aims to take advantage of Australia’s political stability and Wonarah’s 
favourable installed and available infrastructure to develop a major centre for the 
production of super phosphoric acid (SPA).  

 

Figure 1: Wonarah Phosphate Project Location 

 
References: http://www.minemakers.com.au 
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2. OBJECTIVE OF TESTS AND SELECTED TEST EQUIPMENT 
 
The purpose of the testing was to conduct thickener test work on Wonarah Slimes Tailings 
from MPH and APH ores, with the objectives to determine: 
  
- flocculant type and dose 
- overflow clarity 
- underflow density 
- underflow yield stress 
 
 
A 99mm Diameter Supaflo High Rate Thickener test rig was used in this test campaign. 
 
 
 

 
Picture 1 – 99mm Diameter Supaflo High Rate Thickener 
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3. CUSTOMER PROCESS DATA AND SIMPLIFIED FLOWSHEET 
 
 
 
 

 
 

Figure 2: Wonarah Phosphate Phosphoric Acid Production Flowsheet 
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4.  DESCRIPTION OF THICKENING PROCESS 
  
4.1 Sample Characterisation 

 
The solids from the slurry samples and the underflow samples that were generated 
from each thickening test were dried overnight in an oven at 100 C. 
 
The suspended solids in the overflow samples collected from each test were 
determined by filtering 100 mL of overflow liquor through pre-weighed Whatman 
GF/C filter discs using a vacuum filtration unit.  The collected overflow solids were 
also washed thoroughly with tap water prior to oven drying at approximately 100 C.  
The filter discs were then re-weighed to determine the suspended solids content. 
 
Representative samples of the feed slurries were submitted to HRL laboratories 
Particle Analysis Service for LASER sizing.  The results, in graphical form, are 
shown in Appendices. 

 
 
4.2 Flocculant Selection 
 

Based on static cylinder tests, the flocculant selected for the dynamic testwork of 
the samples was Magnafloc 1011. 
Results can be seen in Section 6.1. 
 
We  used  BASF  and  SNF  products  for  the  flocculant  selection  test  work.   This  
should not be viewed as an endorsement of these particular suppliers and other 
equivalent products may be used. 
The flocculants used for the screening were BASF Magnaflocs 10, 1011, Alclar 665, 
and SNF AN910SH. 
 
Further flocculant screening may achieve better results. 

 
 
4.3 Feed Dilution Tests 
 

Dilution tests were conducted using Outotec’s optimum dilution test method. 
Outotec’s optimum dilution method finds the optimum feed solids concentration for 
use with Outotec’s Vane Feedwell. 
 
Full dilution data for these tests can be found in part B of the report.  
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4.4  General Batch Dynamic Thickening Test Method  
 

 
The samples were dynamically thickened in the 99 mm rig. 
 
For each test, stock slurry was drawn from an agitated vessel by a variable speed 
peristaltic pump, and diluted as required 'on the fly' using a second pump. 
 
Flocculant was added at a set flow rate but at a range of concentrations to deliver 
the required dosage for each test. Stock flocculant solution was hydrolysed in tap 
water to 0.25 % w/v (2.5 g/L), and then diluted as required using process water 
supplied. The diluted flocculant was dosed into the diluent line. 
 
The flocculated solids bed was raked continuously at 2 r/min to de-water, using two 
rotating picket, in conjunction with two stationary pickets. 
 
The overflow samples were collected at the overflow discharge, located near the 
top of the wall of the 99mm dynamic thickener rig. This sample was analysed to 
determine the suspended solids content as described above in Section 4.1. 
 
Underflow samples were taken at bed height of 240mm using a positive 
displacement pump. The solids concentration was then determined as described 
above in Section 4.1. 
 
All rheological measurements were carried out using a Thermo Haake VT550 
rheometer and an “OK600” 4 blade vane. The method measures shear stress 
versus time with the peak of this curve equating to the yield stress. A constant 
shear rate of 0.1 sec-1 was used. For each dynamic test underflow sample, a 
simple un-sheared vane yield stress was measured. 

 
Note: Due to limited amount, process water was recycled and may contain excess 
flocculant. 

 
The underflow yield stress is measured to generate data for use in the sizing 
 of the thickener rake drive, it is not intended to be used for any other purpose. 
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5. TEST – PRODUCT DATA 
 

Two samples were delivered to Outotec’s Melbourne laboratory. MPH and APH 
slimes tailings samples were received as slurry. Some process water was also 
received and to be used for dilution purposes.  
 
All tests were conducted at ambient temperature. 
 
 
 

  APH MPH 
Temperature 23 23 
Density (t/m³) 1.209 1.203 

Solid SG 2.79 2.87 
pH  7.7 7.7 

Sizing p80 (µm) 12 11 
Solid Composition clay slimes clay slimes 
Liquid Composition process water process water 
Corossive element No No 

 
Table 1: Product data – APH and MPH Tailings 
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6. TESTING RESULTS 
 
6.1 Flocculant Screening  
 

APH Tailings 
 

 
Chart 1: Flocculant screening of APH Tailings 

 

 
Picture 2: 500ml static cylinder test – APH Tailings 

 
Chart 1, above, show the settling rates of APH Tailings achieved in 500 mL static 
cylinder tests. As previously discussed in section 4.2, the flocculant selection was 
conducted on several different types, see picture 2. 
 
Fastest settling rates were achieved with Magnafloc 1011. The flocculant was 
selected, as it gave the fastest settling rates and good supernatant clarity at a dose 
of 80 g/t.  It was started at 80 g/t in the dynamic tests. 
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MPH Tailings 
 

 
Chart 2: Flocculant screening of MPH Tailings 

 

 
Picture 3: 500ml static cylinder test – MPH Tailings 

 
Chart 2, above, show the settling rates of MPH Tailings achieved in 500 mL static 
cylinder tests. As previously discussed in section 4.2, the flocculant selection was 
conducted on several different types, see picture 3. 
 
Fastest settling rates were achieved with Magnafloc 1011. The flocculant was 
selected, as it gave the fastest settling rates and good supernatant clarity at a dose 
of 60 g/t.  It was started at 60 g/t in the dynamic tests. 
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6.2 Dynamic Thickening Tests 
 
 APH Tailings 
 

  FEED - APH FLOCCULANT UNDERFLOW O' FLOW  

Run Solids Liquor RR Type Dose Meas.Solids YS Clarity 

No. (t/m2h) (m/h)   (g/t) (%w/w) (Pa) (ppm) 

1 0.26 3.8 M1011 80 36.7 74 120 

2 0.26 3.8 M1011 100 36.4 74 190 

3 0.26 3.8 M1011 60 36.4 66 240 

4 0.52 7.6 M1011 80 34.9 53 270 

5 0.52 7.6 M1011 100 34.0 43 390 

6 0.16 2.4 M1011 80 38.2 105 180 

7 0.16 2.4 M1011 60 38.7 120 160 

8 "compression" M1011 60 40.6 142 - 
Table 2: Dynamic thickening testwork results of APH Tailings 

 
Table 2, above, shows the dynamic thickening results of APH Tailings 
 
The first run was conducted at a flux rate of 0.26 t/(m2·h) with flocculant dose of 
80g/t. This achieved an underflow density of 36.7 % solids (w/w) with 
accompanying yield stress measured 74 Pa. The overflow quality was measuring 
120 ppm suspended solids. 
 
The second run was conducted at a flux rate of 0.26 t/(m2·h) with flocculant dose of 
100g/t. This achieved an underflow density of 36.4 % solids (w/w) with 
accompanying yield stress measured 74 Pa. The overflow quality was measuring 
190 ppm suspended solids. 
 
The third run was conducted at a flux rate of 0.26 t/(m2·h) with flocculant dose of    
60g/t. This achieved an underflow density of 36.4 % solids (w/w) with 
accompanying yield stress measured 240 Pa. The overflow quality was measuring 
240 ppm suspended solids. 
 
The fourth run was conducted at a flux rate of 0.52 t/(m2·h) with flocculant dose of 
80g/t. This achieved an underflow density of 34.9 % solids (w/w) with 
accompanying yield stress measured 53 Pa. The overflow quality was measuring 
270 ppm suspended solids. 
 
The fifth run was conducted at a flux rate of 0.52 t/(m2·h) with flocculant dose of 
100g/t. This achieved an underflow density of 34.0 % solids (w/w) with 
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accompanying yield stress measured 43 Pa. The overflow quality was measuring 
390 ppm suspended solids. 
 
The sixth run was conducted at a flux rate of 0.16 t/(m2·h) with flocculant dose of    
80g/t. This achieved an underflow density of 38.2 % solids (w/w) with 
accompanying yield stress measured 105 Pa. The overflow quality was measuring 
180 ppm suspended solids. 
 
The seventh run was conducted at a flux rate of 0.16 t/(m2·h) with flocculant dose of    
60g/t. This achieved an underflow density of 38.7 % solids (w/w) with 
accompanying yield stress measured 120 Pa. The overflow quality was measuring 
160 ppm suspended solids. 
 
“Compression Test” was conducted on the eighth run. The bed from the 7th run was 
topped up and raked for an hour. The compression test is run only to observe if 
further compression is achievable with the sample. The results are only indicative 
and should not be used for predictive or sizing purposes. This achieved an 
underflow density of 40.6 % solids (w/w) with accompanying yield stress measured 
142 Pa.  
 
 
 

      
Picture 4: Run 3 at 0.26 t/m2h floc dose 60 g/t          Picture 5: Run 6 at 0.16 t/m2h floc dose 60 g/t  
                   O’flow 240 ppm                                                           O’flow 160 ppm  
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MPH Tailings 
 

  FEED - MPH FLOCCULANT UNDERFLOW O' FLOW  

Run Solids Liquor RR Type Dose Meas.Solids YS Clarity 

No. (t/m²h) (m/h)   (g/t) (%w/w) (Pa) (ppm) 

1 0.25 3.7 M1011 60 42.2 59 140 

2 0.25 3.7 M1011 80 42.4 62 150 

3 0.25 3.7 M1011 40 41.7 60 130 

4 0.46 6.8 M1011 80 39.8 41 220 

5 0.46 6.8 M1011 100 39.3 39 170 

6 0.16 5.3 M1011 40 43.2 76 150 

7 0.16 2.3 M1011 60 43.7 82 150 

8 "compression" M1011 60 46.1 113 - 
Table 3: Dynamic thickening testwork results of MPH Tailings 

 
Table 3, above, shows the dynamic thickening results of MPH Tailings 
 
The first run was conducted at a flux rate of 0.25 t/(m2·h) with flocculant dose of 
60g/t. This achieved an underflow density of 42.2 % solids (w/w) with 
accompanying yield stress measured 59 Pa. The overflow quality was measuring 
140 ppm suspended solids. 
 
The second run was conducted at a flux rate of 0.25 t/(m2·h) with flocculant dose of 
80g/t. This achieved an underflow density of 42.4 % solids (w/w) with 
accompanying yield stress measured 62 Pa. The overflow quality was measuring 
150 ppm suspended solids. 
 
The third run was conducted at a flux rate of 0.25 t/(m2·h) with flocculant dose of    
40g/t. This achieved an underflow density of 41.7 % solids (w/w) with 
accompanying yield stress measured 60 Pa. The overflow quality was measuring 
130 ppm suspended solids. 
 
The fourth run was conducted at a flux rate of 0.46 t/(m2·h) with flocculant dose of 
80g/t. This achieved an underflow density of 39.8 % solids (w/w) with 
accompanying yield stress measured 41 Pa. The overflow quality was measuring 
220 ppm suspended solids. 
 
The fifth run was conducted at a flux rate of 0.46 t/(m2·h) with flocculant dose of    
100g/t. This achieved an underflow density of 39.3 % solids (w/w) with 
accompanying yield stress measured 39 Pa. The overflow quality was measuring 
170 ppm suspended solids. 
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The sixth run was conducted at a flux rate of 0.16 t/(m2·h) with flocculant dose of    
40g/t. This achieved an underflow density of 43.2 % solids (w/w) with 
accompanying yield stress measured 76 Pa. The overflow quality was measuring 
150 ppm suspended solids. 
 
The seventh run was conducted at a flux rate of 0.16 t/(m2·h) with flocculant dose of    
60g/t. This achieved an underflow density of 43.7 % solids (w/w) with 
accompanying yield stress measured 82 Pa. The overflow quality was measuring 
150 ppm suspended solids. 
  
“Compression Test” was conducted on the eighth run. The bed from the 7th run was 
topped up and raked for an hour. The compression test is run only to observe if 
further compression is achievable with the sample. The results are only indicative 
and should not be used for predictive or sizing purposes. This achieved an 
underflow density of 46.1 % solids (w/w) with accompanying yield stress measured 
113 Pa.  
 
 
 
 

    
Picture 6: Run 6 at 0.16 t/m2h floc dose 40 g/t          Picture 7: Run 3 at 0.46 t/m2h floc dose 80 g/t  
                   O’flow 150 ppm                                                           O’flow 220 ppm  
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7. CONCLUSION 

The test work on Wonarah Tailings samples has shown that the material can be 
successfully thickened. 
 
All of the results are based on the samples as tested, with conditions specified in section 5 
(test product data). 
 
 
The sole purpose of this report (part A) is to provide the experimental results obtained from 
the test work performed and the methods used to obtain them.  The interpretation of the 
experimental results obtained and any equipment recommendations made are provided in a 
separate report (Part B) marked commercial in confidence – property of Outotec (Australia) 
Pty Ltd. 
 
 
8. CONTACT INFORMATION 
 
For further questions please contact: 
 
Chris Greenwood 
Technology Manager – Thickeners 
Outotec Pty Ltd 
Tel:    08 9211 2230 
Mob:   0407 695 131 
Email:  chris.greenwood@outotec.com 
Web:   www.outotec.com 
 
 
END OF REPORT 
 
Yefrey Joe 
Testwork Engineer  
Outotec South East Asia Pacific 
Tel:  +61 3 9566 5800 
Mob:  +61 400 435 240 
Email: yefrey.joe@outotec.com 
Web:  www.outotec.com 
 
 
9. APPENDIX 
 
Appendix 1  PSD for APH OreTailings 
Appendix 2  PSD for MPH Ore Tailings 
Appendix 3  Rheological Curve – APH OreTailings 
Appendix 4  Rheological Curve – MPH Ore Tailings 
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APPENDIX 1 

PARTICLE SIZE DISTRIBUTION DATA with LASER 
APH Ore Tailings 
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APPENDIX 2 

PARTICLE SIZE DISTRIBUTION DATA with LASER 
MPH Ore Tailings  
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APPENDIX 3 

RHEOLOGICAL CURVE – APH Ore Tailings 
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APPENDIX 4 

RHEOLOGICAL CURVE – MPH Ore Tailings 
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This report remains the property of Outotec Pty Ltd and must not be disclosed to any third party not 
appearing above or used or copied in any form whatsoever without the prior written consent of 
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1. PRODUCTION DATA REQUIREMENTS 
 

  APH MPH comment 
Feed rate (Mtpa) 0.7 to 3.5 0.7 to 3.5 initially 0.7 then increases to 3.5 (max, after 5 years)  

Underflow density (%w/w) 50 - 70 50 - 70 (no specific target)  
Overflow Clarity, ppm < 250 < 250 (no specific target)  

  
2. FEED DILUTION TESTS 
  

Dilution tests were conducted using Outotec’s optimum dilution test method. 
Outotec’s optimum dilution method finds the optimum feed solids concentration for 
use with Outotec’s Vane Feedwell. 
 
The optimum feed solids concentrations of the samples were as follows; 
 

  Optimum Feed Density (%w/w) 
APH Tailings 6.5 
MPH Tailings 6.5 

 
3. CONCLUSION AND INTERPRETATION OF RESULTS 

The test work on the Wonarah Clay Slimes Tailings has shown that the material can 
be successfully thickened. 
 
All of the results are based on the samples as tested, with conditions specified in 
section 6 (test product data). 

 
APH Tailings sample testwork was conducted at flux rates of between 0.15 t/(m2·h) 
and 0.52 t/(m2·h) produced underflow density 34 – 38.7 %w/w, with flocculant of 60- 
100g/t and overflow clarity of 120 -390 ppm. 
 
Further “Compression test” was conducted on APH Tailings sample to observe if 
further compression is achievable with the sample. It achieved an underflow density 
of 40.6 %w/w solids with accompanying yield stress of 142Pa. 
 
MPH Tailings sample testwork was conducted at flux rates of between 0.16 t/(m2·h) 
and 0.46 t/(m2·h) produced underflow density 39.3 – 43.7 %w/w, with flocculant of 
60- 100g/t and overflow clarity of 130 -220 ppm. 
 
Further “Compression test” was conducted on MPH sample to observe if further 
compression is achievable with the sample. It achieved an underflow density of 46.1 
%w/w solids with accompanying yield stress of 113Pa. 
 
The “compression test” result is only indicative and should not be used for 
predictive or sizing purposes. 
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4. RECOMMENDATIONS 

From the results of the testwork conducted, the following thickener design 
specifications are recommended. These recommendations should be read in 
conjunction with the range of test results obtained in Part A of the test report. 
 
The thickener recommendation is for an Outotec High Rate thickener with Outotec 
Vane feedwell. 
 
 

 
Process Stream APH  MPH 

Solids feed rate (Mtpa) 0.7 to 3.5  0.7 to 3.5 
Solids feed rate (tph)* 440 440 
Solids loading (t/m2h) 0.16 0.16 

Feed slurry density (%w/w solids) < 30 < 30 
Slurry pH 7.7 7.7 

Flocculant type M1011 M1011 
Flocculant dosage (g/t) 60 60 

Underflow density (%w/w solids) 39 – 41 44 – 46 
Overflow clarity (ppm) < 200 < 200 

Required thickener diameter (m) 60 60 
   *solids feed rate 440tph is equivalent to 3.5Mtpa 
 
 
Outotec's experience with testwork and full-scale operation of thickeners allows us to 
reliably include an estimate of 2 – 3 % increase in thickener underflow density when 
comparing the testwork to a full-size thickener.  This has been taken into account with the 
above recommendations. 
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5. CONTACT INFORMATION 
 
For further questions please contact: 
 
Chris Greenwood 
Technology Manager – Thickeners 
Outotec Pty Ltd 
Tel:    08 9211 2230 
Mob:   0407 695 131 
Email:  chris.greenwood@outotec.com 
Web:   www.outotec.com 
 
 
END OF REPORT 
 
Yefrey Joe 
Testwork Engineer  
Outotec South East Asia Pacific 
Tel:  +61 3 9566 5800 
Mob:  +61 400 435 240 
Email: yefrey.joe@outotec.com 
Web:  www.outotec.com 
 
 
6. APPENDIX 
 
Appendix 1  Questionnaire for Wonarah phosphate 
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APPENDIX 1 - Questionnaire for Wonarah phosphate 
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