
GEOLOGICAL SURVEY OF FINLAND      

 

 

 30.9.2014 

 

 

2 

 

 

 

 

Metallurgical Testwork Relating to the 

Development of the Blötberget Iron Ore 

Deposit, Sweden 

Phase 1 ï Bench scale testing of Flygruvan composite sample  

originating from BB12015-MET003 

 

Markku Kuusisto  
 

Assisted by: 

Robert Milne (Tata Steel Consulting) 

Matthias Reisinger (Tata Steel Consulting) 
 

 

 

GTK Mintec    

Tutkijankatu 1  

83500 OUTOKUMPU  

Faksi (013) 557 557 



GEOLOGICAL SURVEY OF FINLAND      

 

 

 30.9.2014 

 

 

3 

 

 

 

 

GEOLOGICAL SURVEY OF  FINLAND  DOCUMENTATION PAGE  

Date / Rec. no. 

30.9.2014 

Authors 

Markku Kuusisto, GTK Mintec 

Robert Milne, Tata Steel Consulting (TSC) 

Matthias Reisinger, Tata Steel Consulting (TSC) 

 

 

Type of report 

Research Report 

Commissioned by 

Nordic Iron Ore AB / Paul Marsden 

Title of report 

Metallurgical Testwork Relating to the Development of the Blötberget Iron Ore Deposit, Sweden 

 

Abstract 

Please see Executive Summary 

Keywords 

 

Geographical area 

 Map sheet 

 Other information 

 
Report serial 

C/MT/2014/xx 

Archive code 

 

Total pages 

XX pp. + YY appendices 

Language 

English 

Price 

 

Confidentiality 

Confidential 

Unit and section 

Eastern Finland Office, Mineral Processing (Mintec) 

Project code(s) 

1281262; 1281272; 1281277 

Signature/name 

 

 

Asse Marjasvaara 

Laboratory Manager 

Signature/name 

 

 

Markku Kuusisto 

Senior Scientist 

  

 

 

  



GEOLOGICAL SURVEY OF FINLAND      

 

 

 30.9.2014 

 

 

4 

 

 

 

EXECUTIVE SUMMARY  

 

Nordic Iron Ore AB (NIO) are aiming to redevelop the Blötberget iron ore deposit in Ludvika, Central 

Sweden, which was the site of a historical underground iron ore mining operation. 

 

NIO provided a metallurgical sample to GTK Mintec from a single drill hole with reference óBB12015-

MET003ô. From this drill hole material a composite sample was generated from intersects 370.25m to 

398.60m (approximately 140kg) to match the expected Fe grade, magnetite:hematite ratio and 

phosphorous content of the ore body.  

 

A programme of mineralogical testwork was devised and overseen by Tata Steel UK Consulting Ltd 

(TSC) acting on behalf of NIO, with the aim of creating a product suitable for sale to steel producers. The 

main penalty element of concern was phosphorus which was measured at 0.65wt% P2O5 in the composite. 

The sample also contained 34.5wt% Fe and 39.0wt%, SiO2 and approximately 30% magnetite as 

determined by Satmagan. 

 

An initial revenue stream for NIO could be the production of a óheavy aggregateô which would only 

require basic processing by dry low intensity magnetic separation (LIMS) as specific gravity is the main 

figure of interest. Two 40kg samples were separated from the main metallurgical sample and tested using 

LIMS on two differed crushed ore sizes; <20mm and <6.7mm. The following two products were 

produced which met the required S.G. criteria as set out by NIO: 

¶ Test #1: 53.2% Fe, specific gravity (S.G.) 4.24g/cm3, top size 10mm (<20mm magnetic 

concentrate crushed to <10mm), 41wt% recovery 

¶ Test #2: 54.7% Fe, S.G. 4.34g/cm3, top size 6.7mm, 41wt% recovery 

 

Physical competency testing was undertaken to gain an understanding of the physical properties of the 

ore. 20 pieces of >50mm (non-crushed) core were taken from the metallurgical sample at random and sent 

to Sandvik for Crushability Work Index (CWi = 3.8 +/- 0.8) and Abrasion Index (Ai = 0.30) 

determination. The results suggest that Blºtberget ñcan be considered a typical iron ore, which is crushed 

easily but very abrasiveò. It is therefore considered that attention must be paid to the generation of large 

amounts of fines during crushing. 

 

The Bond Rod Mill Work Index was determined by GTK Mintec to be 10.4 kWh/t. This value is at the 

lower end of the range typically observed for iron ores but in relatively good agreement with the energy 

consumption data reported for the historical processing plant at Blötberget. A Bond Ball Mill Work Index 

of 18.8 kWh/t (using a 0.100mm closing screen) was reported. It must be noted that the Bond Work Index 

(BWi) testwork was conducted with raw composite samples of the feed. Once a flowsheet has been 

defined, it is important that additional comminution data is generated from samples of the actual material 

to be ground. 
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A mineralogical study was undertaken to determine the mineral hosts for iron (Fe) and phosphorus (P) 

and understand the association and state of liberation of minerals hosting these elements. 

 

The principal iron oxide minerals identified were magnetite (as expected and a primary iron mineral) and 

hematite (some primary hematite but also secondary martite). A considerable proportion of Fe-oxides 

appears sufficiently liberated from the gangue at relatively coarse size (~1mm). Electron Microprobe 

Analysis (EPMA) suggested that both hematite and magnetite are ópureô in that they carry relatively low 

levels of impurities and in particular phosphorus in the mineral lattice. 

 

Apatite was identified as the principal carrier of phosphorus. Monazite, a rare earth element (REE) 

phosphate principally containing cerium (Ce) and lanthanum (La) was also identified. Whilst generally 

well liberated at particle sizes <250µm, phosphate minerals appear to be more intimately associated with 

hematite (martite) than with magnetite. One important consequence of this is that hematite will likely 

require finer grinding to achieve liberation from phosphate minerals. 

 

The distributions of the REE between the minerals were reported as follows: monazite (86%), allanite 

(8%), synchysite (3%) and xenotime (3%). Whilst the overall content of REE was very small (the feed, 

for example, contains only 0.03wt%), REE did become concentrated in the phosphate-rich froth removed 

during the batch flotation tests. It is known that, historically, Grangesberg produced a phosphate 

concentrate containing 17% P for manufacture of ósuperphosphateô (fertiliser) which also contained 0.7% 

REE. 

 

Davis Tube recovery (DTR) tests were undertaken to investigate the release of magnetite at different 

grind sizes. Subsequent wet LIMS using a drum-type separator failed to produce a satisfactory 

concentrate from the ground feed at <0.63mm (9.8% SiO2, >0.3% Na2O+K2O). LIMS at <0.315 mm 

produced a concentrate with 68.9% Fe and satisfactory phosphorus content (<0.03% P), however the 

content of SiO2 was slightly elevated (4.2%). LIMS at <0.075 mm produced a high-grade concentrate 

with ~72% Fe, 0.52% SiO2 and very low phosphorus content (<0.01% P). 

 

Shaking table tests (used to anticipate the behaviour on spirals) resulted in concentrates with satisfactory 

%Fe and %SiO2 being obtained from both the <0.63 mm LIMS tailings (66.6% Fe, 1.9% SiO2) as well as 

the <1.18mm feed material (69.3% Fe, 1.7% SiO2). The levels of phosphorus in the products of gravity 

concentration, however, exceeded the typically acceptable limit (<0.065% P) by a large margin and would 

require further processing in the form of magnetic separation (MIMS/WHIMS) and/or flotation. 

 

The combination of gravity concentration and low intensity magnetic separation produced a coarse 

magnetite concentrate grading 70.6% Fe, 1.6% SiO2 and 0.07% P with a top size of 1.18mm which was 

deemed an acceptable product. A hematite concentrate grading 66.3% Fe and 2.4% SiO2 but containing a 

very high content of phosphorus (0.37% P) was also produced. Regrinding of the hematite concentrate to 

<0.315mm followed by wet MIMS/HIMS (HGMS) proved unsuccessful in that it failed to reduce the 
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phosphorus to a level which would be considered acceptable by steel mills. To improve the product grade 

reverse flotation was investigated for phosphate removal. 

 

Regrinding of the hematite concentrate to <100µm, followed by flotation of the phosphate minerals 

(apatite, monazite) with a fatty acid based collector (Atrac 1563 from Akzo) and sodium silicate (500g/t) 

at slightly alkaline pH (~9.5) produced a concentrate grading 67.8% Fe, 2.2% SiO2 and 0.026% P. The 

employed collector exhibited excellent flotation kinetics (3min flotation time), and high selectivity was 

achieved with low reagent additions (50g/t collector) at moderately alkaline pH. Hematite was depressed 

effectively at pH 9-9.5 resulting in a high flotation yield of 91wt%. Neither of the collectors tested 

showed any affinity towards quartz or (alumino-)silicates. 

 

Selective flocculation carried out on a sub-sample of the flotation concentrate (<100µm in size) was 

largely unsuccessful in that it proved to have little effect on the levels of acid gangue (0.2%-pts reduction 

of SiO2, 0.05%-pts reduction of Al2O3). 

 

Overall, the results are very encouraging in that high quality products with low phosphorus levels can be 

obtained from Flygruvan ore horizon. Grades of iron in the concentrates exceeded 66% Fe and 70% for 

the hematite and magnetite products, respectively. The products were generally low on impurities 

commonly found in iron ores such as alumina, sulphur, and alkalis. The hematite concentrate contained 

slightly elevated levels of titanium (0.3-0.35 % TiO2). 

 

The testwork suggests that there may be potential to recover a relatively coarse grained concentrate (top 

size of 1.0-1.2mm) by a combination of gravity separation (spirals) and wet LIMS.  

 

A flowsheet along the following lines is proposed: 

 

¶ The option of recovering a heavy aggregate product using dry LIMS after crushing;  

¶ An spiral circuit to recover coarse magnetite and hematite;  

¶ LIMS of the spiral concentrate to produce a coarse magnetite concentrate (low phosphorus) and a 

hematite ñtailingò (high phosphorus);  

¶ Regrinding of the hematite stream followed by phosphate removal by fatty acid flotation, 

producing a fine hematite concentrate; and  

¶ Stage-wise grinding and LIMS of the spiral tailings, producing a fine magnetite concentrate.  

 

The overall recovery of weight and Fe is estimated to exceed 45% and 85%, respectively. 

 

It must be appreciated, however, that the laboratory-scale work carried out to date has used a single ore 

sample from the Flygruvan horizon only. Additional testing will need to be undertaken a series of 

additional bench-scale tests to confirm the validity of the proposed flowsheet for a range of different ore 

types. 
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1 INTRODUCTION  

 

GTK Mintec was appointed by Nordic Iron Ore AB (NIO) to carry out a programme of mineral 

processing testwork relating to the development of the Blötberget iron ore deposit in Ludvika, Central 

Sweden.  

 

The GTK Mineral Processing Laboratory (GTK Mintec) located in Outokumpu, Finland, is a renowned 

test centre specialised in the characterisation and processing of mineral ores. It offers a wide range of 

services including mineralogical studies, bench scale beneficiation testwork and pilot testing for a wide 

range of minerals, including iron ores. 

 

The Blötberget deposit is of magmatic origin and known to contain magnetite and hematite as Fe-oxide 

minerals and quartz, silicates and phosphates as gangue. GTK Mintec understands that the Run-of-mine 

(RoM) is estimated to contain around 35% Fe and 0.3% P, with an average magnetite:hematite ratio of  

~ 60%:40%. 

 

GTK Mintec had already been engaged in an earlier phase of testing on samples from Blötberget in 2013. 

The main purpose of the testwork discussed in this Report was to develop a processing flowsheet to 

produce a suitable iron ore concentrate with low levels of phosphorous predominantly for use in the 

European Steel Industry. Other avenues of revenue such as REE contents and a heavy aggregate for non-

metallurgical applications were also to be explored. 

 

The programme of metallurgical testing commenced in early February 2014 and was completed in May 

2014. The testwork was overseen by Tata Steel UK Consulting Ltd (TSC) acting on behalf of NIO. 
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2 SAMPLES FOR TESTING 

 

2.1 Sample Origin  

 

In late January/early February 2013, NIO had provided approximately 466kg of HQ half core to GTK 

Mintec for metallurgical testing. The cores were obtained from a single drill hole with the reference 

óBB12015-MET003ô. According to information provided by the Client, the hole intercepted both 

Flygruvan and Kalvgruvan at an angle of ~45 degrees so as to produce as much core as possible for 

metallurgical testwork.  

 

The initial development work, which is the subject of this Report, was carried out on a composite sample 

made up from drill core sections taken from Flygruvan only. 

 

Intersects 370.25m to 398.60m were combined and homogenized to form a composite matching the 

expected orebody average in terms of: 

 

- Fe grade 

 

- Ratio of magnetite to hematite 

 

- Phosphorus grade 

 

The total amount of sample available for testing was approximately 140 kg. 

 

Photographs of the core boxes of drill intersects 370.25m to 398.60m as received by GTK Mintec are 

provided in Appendix A. 
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2.2 Chemical Assaying of Feed Sample 

 

The head assay was determined as follows: 

 

Table 1: Head feed assay 

Element/  
Compound 

Contents (%) 

  
Sample 1 Sample 2 Test Feed 

L14012899 L14012900 Avg. 

SiO2 39.3000 38.7000 39.00 

TiO2 0.1350 0.1270 0.13 

Al2O3 6.1500 6.0100 6.08 

Cr2O3 0.0010 0.0031 0.00 

V2O3 0.0280 0.0290 0.03 

MnO 0.0340 0.0370 0.04 

MgO 1.7800 1.7300 1.76 

CaO 1.1300 1.1600 1.15 

Rb2O 0.0100 0.0110 0.01 

SrO 0.0000 0.0000 0.00 

BaO 0.0450 0.0440 0.04 

Na2O 2.4400 2.3500 2.40 

K2O 0.8100 0.8100 0.81 

ZrO2 0.0130 0.0130 0.01 

P2O5 0.6300 0.6600 0.65 

Cu 0.0010 0.0000 0.00 

Ni 0.0040 0.0030 0.00 

Co 0.0180 0.0170 0.02 

Zn 0.0070 0.0060 0.01 

Pb 0.0020 0.0010 0.00 

Ag 0.0020 0.0010 0.00 

S 0.0070 0.0050 0.01 

As 0.0000 0.0000 0.00 

Sb 0.0110 0.0080 0.01 

Bi 0.0020 0.0020 0.00 

Te 0.0000 0.0000 0.00 

Y 0.0034 0.0029 0.00 

Nb 0.0000 0.0000 0.00 

Mo 0.0000 0.0000 0.00 

Sn 0.0050 0.0050 0.01 

W 0.0000 0.0010 0.00 

Cl 0.0090 0.0100 0.01 

Th 0.0027 0.0028 0.00 

U 0.0041 0.0042 0.00 

Cs 0.0010 0.0010 0.00 

La 0.0130 0.0120 0.01 

Ce 0.0180 0.0180 0.02 

Ta 0.0020 0.0030 0.00 

Ga 0.0017 0.0009 0.00 

Fe 34.2000 34.8000 34.50 

Satmagan 29.4600 29.3600 29.41 

        
Eltra S 0.0280 0.0220 0.03 
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3 SCOPE OF WORK  

 

The bench-scale test programme comprised of the following elements: 

 

1. Sample preparation and head assays 

2. Coarse product evaluation (óEarly Revenueô Phase) 

a) Dry low intensity magnetic separation (LIMS) at <20mm and <6.7mm to produce an 

óaggregateô product for non-metallurgical applications 

3. Main process development:  

a) Bond Crushability Work Index (CWi) and Abrasion Index (Ai) [ carried out by Sandvik] 

b) Bond Rod Mill Work Index testing 

c) Bond Ball Mill Work Index testing 

d) Mineralogical examination of RoM ground to <1.18mm by a combination of optical 

microscopy, Mineral Liberation Analyzer (MLA), and electron microprobe analysis 

(EMPA). 

e) Davis Tube Testing at six (6) different grinds to evaluate the effect of grind size on 

magnetite concentrate grade and recovery 

f) Wet low intensity magnetic separation (LIMS) of ground RoM using drum-type separator 

at <0.63mm, <0.315mm and <0.075mm 

g) Gravity separation, using Wilfley-type shaking table, of <1.18mm RoM as well as selected 

intermediate products obtained in f)  

h) Wet LIMS using drum-type separator on products of gravity separation (reground where 

necessary) 

i) Wet medium intensity (MIMS) and high intensity (or high gradient: WHIMS/WHGMS) 

magnetic separation on selected products of gravity separation 

j) Reverse laboratory batch flotation for removal of phosphate minerals from hematite 

concentrate 

k) Selective flocculation testwork on hematite concentrate to remove total acid gangue (TAG) 

inc. silica and silicates 

 

A visualisation of the work flow is shown in Figure 1 and Figure 2 overleaf.  



GEOLOGICAL SURVEY OF FINLAND   

 

 

       30.9.2014 

 

 

16 

 

 

 

 

 

Figure 1: Work flow diagram of undertaken testing (pt1) 
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Figure 2: Work flow diagram of undertaken testing (pt2)
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~0.5 kg

at <0.315mm

at <0.315mm

at <1.18mm

LIMS Conc

~2.3 kg

Regrinding

~1.3 kg

Regrinding

~5 kg

to <0.315mm

LIMS

~5 kg

LIMS Conc

~5 kg

<0.63mm

 LIMS Tails

~9 kg

<0.63mm
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4 TEST METHOD OLOGY  AND EQUIPMENT  

 

4.1 Analytical Methods 

 

The following analytical methods were employed during this programme of work: 

¶ XRF ï Multi -element analysis by XRF from pressed pellets (Labtium method 180X) for main 

elements, particularly Fe, SiO2, Al2O3, CaO, MgO, P, Na, K, Mn, TiO2, V 

¶ ICP ï Total dissolution (Labtium method 309) followed by multi-element analysis by ICP-OES 

(Labtium method 000P) or ICP-MS (Labtium method 000M), for minor elements, particularly Co, 

Ni, Cu, Zn, Pb, As, REE 

¶ Eltra S ï Sulphur analysis by pyrolytical method (Labtium method 810L) 

¶ Satmagan ï Saturation magnetisation (ômagnetite equivalentsô content) by Satmagan (Labtium 

method 891G) 

 

All  chemical analyses were performed by Labtium Oy at their laboratories in Outokumpu (XRF, Eltra S, 

Satmagan) or Espoo (ICP). Chemical analysis certificates are presented in Appendix B. Copies of 

Labtiumôs sampling and assaying procedures are provided in Appendix J.  

 

In addition to the above, polished sections prepared as part of the mineralogical study were submitted for 

Electron Microprobe (EMPA) analysis to determine impurity levels in the minerals of interest. 

 

4.2 Sample Preparation 

 

The sample was separated from the received drill cores according to the depth reference information provided 

by the client. Drill core sections from 370.25 m to 398.60 m were combined and homogenized to form 

approximately 140kg of test feed. After removing a subsample for CWi and AI determinations, the sample 

was crushed stage-wise to <20mm using a jaw crusher (Figure 3 a)) and pre-screening/intermediate screening 

to minimize amount of fines and sub-sampled for head assays. 

 

Subsequent crushing to finer sizes was undertaken on a Humboldt-Wedag HW 934-2  roll crusher (Figure 

3 b, c)) operated in closed circuit with a vibrating screen. 

 

Grinding was carried out using the following equipment: 

¶ Ball/Rod Mill with changeable ball or rod media 

o Lab mill with stainless steel chamber and media (batches of 0.3-1.5kg with approx 6kg 

media per 0.5kg feed) , see Figure 3 d) 
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o Mergan mill with mild steel chamber and media (in batches of up to 5kg with approx 22kg 

media per 5kg feed), see Figure 3 e)  

¶ Vibratory disc mill (for quantities <100g), see Figure 3 f) 

 

         

     

     

Figure 3: a) Jaw crusher, b) Rolls crusher, c) rolls crusher internal workings, d) Laboratory batch ball/rod mill, 

e) Mergan rod/ball mill for larger-scale grinding, f) Vibratory disc mill attachment (not attached to machine)  

 

4.3 Miner alogical Examination 

 

4.3.1 Introduction  

 

A subsample of the product obtained from the Bond Rod Mill Work Index (Wi) test (<1.18mm top size) 

was submitted for mineralogical investigation with the aim of: 

 

a) 

f) 

d) e) 

c) b) 
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¶ Determining mineral hosts for Fe 

¶ Determining minerals hosts for P 

¶ Assessing association of minerals and state of liberation of minerals hosting these elements 

¶ Identifying main gangue minerals 

¶ Determining elemental contamination of minerals hosting Fe 

 

The <1.18mm sample was screened to produce the following fractions: 

 

¶ 710-1180µm 

¶ 500-710µm 

¶ 250-500µm 

¶ 125-250µm 

¶ 45-125µm 

4.3.2 Research Methods 

 

Opical Microscopy 

A single polished section was made for each of the five size fractions by individually mounting them in 

resin and polishing using standard methods. The polished sections were investigated with a reflective 

light microscope to assess the liberation of the hematite and magnetite in each size fraction. 

 

Mineral Liberation Analyzer (MLA) 

All 5 vertical polished sections were analyzed with a mineral liberation analyzer (MLA), which in 

essence is a scanning electron microscope fitted with two energy-dispersive spectrometers for rapid 

elemental analysis and special software to automatically perform a range of quantitative mineralogical 

measurements and calculations. The MLA system provides accurate statistical data on modal mineralogy, 

grain sizes and liberation of particles. Three separate measurements were performed on all samples in 

order to obtain accurate and reliable results.  

 

The modal mineralogical contents were measured using the XMOD measurement mode (a modern 

version of the classical point-counting analysis). The entire sample is divided into a grid of points and an 

EDS-spectrum is gathered from each point. These EDS spectra are compared to a spectrum library and a 

mineral name is assigned to each spectrum gathered from the sample. Finally, the relative numbers of 

each mineralôs spectra are converted into percentages. 

 

Liberation of apatite was measured using the XBSE measurement mode where the instrument scans the 

sample or a section of it and measures and analyses all particles it recognizes. This recognition is based 

on particles (usually minerals) having a higher grey-scale value than the epoxy mount, which is set as 

background. This measurement will yield liberation data for the desired mineral phases. 
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As the XBSE measurement only scans a part of the sample mount (the measurement ends after a 

satisfactory level of statistical confidence has been reached, which is usually somewhere between 10,000 

and 20,000 particles) a third measurement for locating all REE-bearing minerals was necessary. For this 

task the SPL_XBSE measurement mode was used. It undertakes all the same measurements and analyses 

as the XBSE, but only to the particles that meet a special operator defined grey level trigger. In other 

words, in this measurement mode the entire sample is scanned but only the particles that include grains 

which meet a predefined minimum grey level will be measured and analysed. 

 

Electron Microprobe Analysis (EMPA) 

Electron microprobe analyses were needed in order to determine whether the iron-oxides carry any 

phosphorus. The detection limit of the EDS detectors of the MLA system is about 0.1 w%. A microprobe 

can detect significantly lower concentrations with much better precision. All EDS analyses showed the P 

content of the iron-oxides to be below the detection limit. The detection limit of the microprobe was 205 

ppm for the analytical conditions used for these analyses. 

 

4.4 Physical Competency 

 

4.4.1 The Bond Rod Mill Work Index  

 

The standard Bond Rod Mill grindability test is a locked-cycle dry grinding procedure which determines a 

materialôs resistance to grinding. The mill charge consists of two different sizes of rods weighing 33,380g. 

 

The initial ore charge was 3,040g which contained 19.8 % of <1,180ɛm material. The equilibrium state 

was reached after 8 cycles. The detailed Rod Mill Work Index test Report is attached in Appendix C. 

 

4.4.2 The Bond Ball Mill Work Index  

 

The Bond Ball Mill measures 305x305 mm with rounded corners and smooth lining. The ball charge 

consists of five different sizes of balls weighing about 20,125g. 

 

The initial ore charge was 1,672g which contained 6.9 % <100ɛm material. The equilibrium state was 

reached after 5 cycles. The detailed Rod Mill Work Index test Report is attached in Appendix C. 
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4.5 Bond Crushability Work Index  and Abrasion Index (Sandvik)  

 

20 rock pieces of >50mm in size (~17kg in total) were removed from the drill cores at random for 

crushing characteristics (CWi) determination.  

 

The AI test work requires a minimum of 1.6kg of -19mm +12.7mm material. A 5kg sub-sample was 

therefore removed from the <20 mm crushed material and screened at 12.7 mm. 

 

The crushing characteristics and abrasion testwork was carried out in cooperation with Sandvik. The full test 

report is included in Appendix D. 

 

The cores samples sent for crushability testing are displayed in Figure 4. 

 

Figure 4: Rock Pieces sent to Sandvik Test and Research Centre, Svedala 

 

4.6 Dry LIMS  

 

Two sub-samples of 40kg of <20mm crushed material were split out for dry low intensity magnetic 

separation (LIMS) testing. One batch was processed at <20mm whilst the other was crushed to <6.7mm 

prior to magnetic separation to enhance liberation. 

 

The tests were conducted on an Eriez multi-pole dry LIMS drum separator of 0.9m diameter. The crushed 

feed material was fed on to the drum via a vibratory feeder and separated at a permanent magnetic field of 

1,600 Gauss with a 130mm pole gap. The magnetic portion of the sample was put to one side whilst the 

non-magnetic portion was reintroduced several additional times at increased drum speeds until a final 

product was obtained. 
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Figure 5: a) Eriez dry LIMS drum showing vibrating feeder, b) Side view showing product collection bins 

 

4.7 Wet LIMS  

 

Wet LIMS tests were carried out using a Sala "Blue Ribbon" permanent ferrite magnet drum (200mm 

diameter) with a nominal magnetic field strength of ~0.07 Tesla (700 Gauss) at the drum surface. 

Magnetic material adheres to the drum and is separated from the slurry. The magnetic fraction was 

reintroduced until practically no more material reported to the tailings. 

 

Magnetic and non-magnetic fractions were dried, weighed and assayed separately. 

 

 

Figure 6: Sala Blue Ribbon LIMS machine 

4.8 Davis Tube Recovery (DTR) Testwork 

 

Six (6) tests were carried out on subsamples of feed material after grinding to <1 mm, <0.85 mm,  

<0.63 mm, <0.315 mm, <0.1 mm and <0.063 mm. Two additional tests investigated the effect of 

magnetic induction on product grade and recovery of the <0.063mm feed material.  

 

a) b) 
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On one occasion, LIMS feed material was subjected to DTR testing for the purpose of óbenchmarkingô 

the separation performance observed on the larger (LIMS) drum-type separator.  

 

In each test, representative batches of 20-25g of dry material were mixed with water and dispersed in an 

ultrasonic bath for about 1 minute prior to the test run. The feed was then introduced into an inclined, 

rotating (approx.125rpm) glass tube placed between pole-tips of an electromagnet. 

 

In the Davis tube, the strongly magnetic material contained in a sample adheres to the tube around the 

magnetic poles whilst the weakly magnetic and non-magnetic content is flushed down the tube and 

collected separately. 

 

In the present programme, both the magnetic and non-magnetic fractions were dried, weighed and 

assayed separately. 

Three different magnetic inductions (as measured in the centre of the tube) were investigated: 1,500 

Gauss (ñdefaultò or ñstandardò setting), 1,000 Gauss and 2,500 Gauss. The equipment was set-up as 

shown in Figure 7. Tilt angle (45 degrees), water flow rate (approx. 1.0 litre/min) and test run duration 

(15 minutes) remained constant. 

 

 

    

Figure 7: Set-up of Davis Tube equipment 
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4.9 Shaking Table 

 

The feed material was mixed with water and fed onto a Deister SD Diagonal Deck No. 15-S shaking table 

(1.2mx0.56m), see Figure 8. The feed rate was controlled with the aid of a vibratory feeder. 

 

The material was split into a concentrate, a middling and two tailings products. The feed rate utilised was 

approx. 25-30kg/hour of dry feed. 

 

     

Figure 8: a) Shaking table feed system b) Shaking table 

 

4.10 Wet MIMS and HIMS  (HGMS)  

 

A representative sub-sample of LIMS tailings material (óhematite pre-concentrateô) was reground to 

<0.3mm and subjected to wet medium intensity (MIMS) and high intensity (HIMS, or HGMS for high 

gradient) magnetic separation to investigate the possibility of phosphorus reduction. 

 

MIMS was carried out using a drum-type rare earth (NdFeB) separator with a magnetic field of ~0.3T 

(3,000Gaus, on the drum surface) and ~15% solids w/w in the feed (Figure 9 a)). 

 

Wet HIMS (HGMS) was performed using a Sala matrix-type magnetic separator with a 'background field' 

of ~0.3T (3,000Gauss) (Figure 9 b)). A representative sub-sample was made into a slurry containing 15% 

material and passed through the high intensity magnetic separation (HIMS) matrix. This is done as a 

batch process with magnetic material accumulating in the matrix and non-magnetic material flowing 

through it. Periodically the matrix is flushed with clean water with the magnetic field off and the 

magnetic material is collected separately.  

a) b) 
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Figure 9: a) MIMS drum separator, b) WHIMS (HGMS) unit 

 

It is important to note that the magnetic field strength for a WHIMS (HGMS) unit normally refers to the 

magnetic induction in the empty separation space ('background field'). The magnitude of the magnetic 

force, which is proportional to the product of the magnetic flux density, B,  and its gradient (B x gradB), 

is then increased by several orders of magnitude with the insertion of a magnetised (expanded metal sheet 

or steel wool) matrix. As such, the field strength values of a WMIMS drum and a WHIMS unit are by no 

means comparable. 

 

4.11   Flotation 

 

Owing to the failure of magnetic separation (WMIMS, WHIMS) to produce a hematite product with 

satisfactory phosphorus content, the material was reground (stage-wise, i.e. with intermediate wet 

screening) to <100µm and subjected to two (2) reverse flotation tests. 

 

Phosphate minerals were floated with the aid of fatty acid based collectors at slightly alkaline pH (~9.5) 

and sodium silicate (water glass ï 500g/t) as dispersant: 

 

¶ Test F1 used a collector mix of Aero 704 (150g/t) and Aero 845 (30g/t) from Cytec. 

¶ Test F2 used a mix of Atrac 1563 from Akzo (150g/t ï collector currently used at LKAB to float 

apatite from magnetite) and Aero 845 (30g/t) from Cytec 

a) 

b) 
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The flotation tests were performed using a bench top flotation unit (Figure 10), at 1,100rpm and 

1.5litre/min of air. Dry feed was mixed with local tap water and conditioned at ~45wt% solids. The slurry 

was then diluted and flotation performed at ~40wt% solids. No desliming was carried out prior to 

flotation. 

  

Where required, a few drops of frother (methyl isobutyl carbinol, MIBC) were added to modify the froth 

and limit bubble size. During flotation, the pulp level was controlled manually by the addition of local tap 

water. 

 

For each test, the individually-timed froth samples and the material remaining in the cell were dried and 

weighed. Chemical analysis was performed using X-ray fluorescence spectroscopy (for Fe, Si, Al, Mg, 

Ca, Mn, Ti, P) and Eltra combustion analyser (for S). 

 

    

Figure 10: a) Bench-top flotation unit, b) froth collecting during flotation 

 

4.12 Selective Flocculation 

 

The aim of the selective flocculation test was to identify if a suitable flocculent (typically starch) would 

cause the selective formation of aggregates comprised of iron minerals. The lighter, dispersed gangue 

should report to the supernatant suspension (overflow) whilst the more dense and flocculated iron 

minerals should report to the sediment (underflow).  For each of the tests the following procedure was 

used: 

 

a) 

b) 

http://www.ub.uib.no/elpub/2000/h/404002/Hovedoppgave.pdf
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Step 1. The first step in selective flocculation was to obtain a 'semi-stable' dispersion. The definition of 

'dispersed' is not easy to define but, after agitation, the suspended solids should not settle rapidly and 

certainly no distinct mud line should form that would indicate coagulation. The addition of water glass 

(500g/t) in combination with the alkaline pH should provide for a sufficiently dispersed suspension.  

 

i. Fill 55g feed sample into 500ml graduated cylinder 

ii.  Add ~450g of tap water 

iii.  Add 500g/t of water glass (sodium silicate) 

iv. Fill up to 500ml with tap water 

v. Mix properly and record pH 

 

Step 2. In the next step, the effectiveness of starch as a selective flocculent needs to be assessed by 

starting with a dosage of 1,000g/t of cooked starch and then increasing to 1,500g/t if necessary. (Note: 

The starch has to be solubilised either by cooking or by the addition of caustic soda NaOH). The 

suspension should be gently, but not violently, agitated during starch addition to aid mixing and formation 

of large flocculants. 

 

The total dose should be added as two separate dosages (e.g. 2x3ml) up-ending the cylinder 1-3 times 

after each addition. 

 

Step 3. Flocculation should be very obvious with visible agglomerates that rapidly settle to create a mud 

line. Recording of the position (height) of the mud line vs. time is used to obtain a settling curve 

(mm/sec). 

 

The supernatant suspension can then be separated from the sediment flocculants using a rubber tube as a 

siphon; the resultant products (sediment; supernatant suspension) are dried, weighed and submitted for 

chemical analysis. Normally the supernatant suspension is removed after 5-8min. 

 

 

Figure 11: Equipment used for selective flocculation testing  



GEOLOGICAL SURVEY OF FINLAND   

 

 

 30.9.2014 

 

 

29 

 

 

 

5 TEST RESULTS AND DISCUSSION 

 

5.1 Mineralogy 

5.1.1 Modal mineralogy 

Table 2 presents the results of the calculated bulk modal mineralogy of the sample. Hematite and 

magnetite were collectively reported as ñMagnetiteò since, with present methods, it is impossible to 

reliably differentiate between the different iron oxide minerals. Hence the term ñMagnetiteò in this table 

and associated figures refers to iron oxides, essentially magnetite+hematite. Similar tables by sieve 

fraction are included in appendix E. Figure 12 provides column charts to illustrate the modal 

mineralogical variations between the sieve fractions and compares them to the calculated bulk.  

 

Table 2: Modal mineralogy of the calculated bulk sample. 

 
 

 

NIO_XM OD_Calculated_bulk

Mineral Wt% Area% Analysis Point Count

Quartz 20.45 28.23 32134

Plagioclase 15.33 20.82 23208

K_feldspar 2.52 3.58 4080

Hedenbergite 0.00 0.00 3

Epidote 0.02 0.03 23

Allanite 0.02 0.02 25

Titanite 0.00 0.00 2

Zircon 0.00 0.00 1

Chlorite 0.97 1.20 1410

Biotite 0.68 0.80 865

Phlogopite 3.26 4.25 4786

Muscovite 0.19 0.24 279

Berthierine 0.00 0.00 4

Fluorite 0.02 0.02 30

Calcite 0.03 0.04 63

Synchysite 0.00 0.00 1

Apatite 1.26 1.43 1808

Monazite 0.03 0.02 31

Xenotime 0.00 0.00 0

Anatase 0.00 0.00 0

Magnetite 55.12 39.20 43803

Fe_hydroxide 0.04 0.04 52

Pyrite 0.00 0.00 2

Pyrrhotite 0.00 0.00 1

Chalcopyrite 0.00 0.00 0

Sphalerite 0.00 0.00 3

Galena 0.00 0.00 0

Unclassif ied 0.06 0.09 134

Total 100.00 100.00 112748
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5.1.2 Phosphates and REE-bearing minerals 

The main phosphate mineral in the sample is apatite (Ca5(PO4)3(OH,F,Cl)). Monazite (REE(PO4)) and 

xenotime (Y(PO4)) were also encountered, but apatite is by far the main carrier of phoshorus in the 

sample. Along with monazite and xenotime, also allanite ((Ce,Ca,Y)2(Al,Fe)3(SiO4)3(OH)) and synchysite 

carry rare earth elements. Based on the MLA data the total REE distribution between these minerals was 

estimated to be as follows: 

 

¶ Monazite ~ 86% 

¶ Allanite ~ 8% 

¶ Synchysite ~ 3% 

¶ Xenotime ~ 3% 
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Figure 12: Modal mineralogy graphs of the sample by sieve fractions and calculated bulk. 
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5.1.3 Liberation of apatite 

Figure 14 presents the liberation graphs of apatite for each sieve fraction and the calculated bulk. 

False-colored grain image lists of apatite for each sieve fraction are included in appendix F (see also 

appendix G for legend of the colors). These graphs and lists tell quite clearly that apatite is rather 

well liberated in the two finest fractions, 45-125µm and 125-250µm, and poorly liberated in the 

coarser fractions. The two finer fractions, however, account for only about one third of the bulk, so 

in order to liberated apatite properly the grinding should undertaken down to <150µm.  

 

5.1.4 Liberation of iron oxides 

Iron oxides in the sample include both hematite and magnetite. With current procedures they cannot 

be reliably separated with the MLA for quantitative purposes, so the liberation graphs of Figure 15 

present the liberation of iron oxes as a whole. Photomicrograps taken from all sieve fractions with 

an ore microscope are provided in appendix H. From these pictures one can get a reasonable idea of 

the occurrence of hematite-magnetite composite grains, as they show that starting from the coarsest 

fraction they gradually become more scarse towards the finer fractions. The light microscope photos 

(Figure 13) illustrate quite clearly that in 250µm and coarser fractions there are a lot of hematite-

magnetite composite grains, There are still a few of them in the 125-250µm fraction, but in the 

finest 45-125µm fraction they become practically extinct and thus both oxides are well-liberated. 

These observations are also in a good agreement with the cumulative iron oxide liberation graphs of 

Figure 15. 

 

     

Figure 13:  a) A photomicrograph of the >250µm section showing that composite hematite-magnetite grains 

still exist in this fraction. b) In the 45-125µm fraction hematite-magnetite composite grains are very rare and 

both of these iron-oxides are well liberated. 

 

 

a) b) 
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5.1.5 Microprobe analyses of iron oxides 

Some hematite and magnetite grains were analyzed with an electron probe microanalyzer (EPMA) 

in order to determine whether they contain any phosphorus. The EPMA results are presented in 

appendix I. In general terms the hematite and magnetite are rather ñcleanò in the sense that they 

contain relatively little any unexpected minor or trace elements, such as phosphorus. Hematite does, 

however, contain some aluminium as the EPMA results indicate, roughly 0.5wt% Al2O3. The 

magnetite contains some aluminium, although significantly less than hematite. Both minerals also 

contain some vanadium with V2O3 contents averaging around 0.1wt%. Magnetite also contains a 

little bit of manganese with MnO concentrations ranging from 0.05 to 0.14wt%. 
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Figure 14: Liberation graphs of apatite for each sieve fraction and calculated bulk. Only in the two finest fractions apatite is well liberated. 
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Figure 15: Liberation graphs of cumulative iron oxides (i.e. magnetite+hematite) by sieve fraction. 
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5.1.6 Titanium -bearing mineral phases 

The following Ti-bearing minerals were identified in the Flugruvan sample: titanite, biotite, phlogopite, 

anatase, and Ti-bearing Fe-oxide (Table 3). The concentrations of titanite and anatase were negligible in 

the calculated bulk sample. Biotite and phlogopite, whilst representing a few percent of the minerals in 

the bulk sample, did not contribute greatly to the Ti distribution given their low contents of TiO2 (<0.5%). 

EMPA analysis revealed that hematite contained only trace levels of TiO2, whilst magnetite was virtually 

free of Ti (below detection limit). A small portion of the total iron oxides (0.56% of the total calculated 

bulk; approximately 1% of the total Fe-oxides), however, did contain between 2-10 wt% TiO2. 

Table 3: Modal mineralogy of the calculated bulk sample before grouping of phases. Ti-bearing minerals are high-

lighted with yellow. 

 

Data Source: Bulk_XMOD

Mineral Groupings: Ungrouped

Mineral Wt% Area% Area (micron) Particle Count Grain Count

Unknow n 0.01 0.01 0.00 19 19

Low _Counts 0.00 0.00 0.00 1 1

No_XRay 0.00 0.00 0.00 0 0

Quartz 20.45 28.23 0.00 32134 32134

Plagioclase 10.91 14.70 0.00 16480 16480

Albite 4.42 6.12 0.00 6728 6728

K_feldspar 2.48 3.52 0.00 4023 4023

Hyalophane 0.04 0.05 0.00 57 57

Hedenbergite 0.00 0.00 0.00 3 3

Epidote 0.02 0.03 0.00 23 23

Allanite 0.02 0.02 0.00 25 25

Titanite 0.00 0.00 0.00 2 2

Zircon 0.00 0.00 0.00 1 1

Chlorite 0.97 1.20 0.00 1410 1410

Biotite 0.68 0.80 0.00 865 865

Phlogopite 3.26 4.25 0.00 4786 4786

Muscovite 0.19 0.24 0.00 279 279

Berthierite 0.00 0.00 0.00 4 4

Fluorite 0.02 0.02 0.00 30 30

Calcite 0.03 0.04 0.00 63 63

Synchysite 0.00 0.00 0.00 1 1

Apatite 1.26 1.43 0.00 1808 1808

Monazite-(Ce) 0.03 0.02 0.00 31 31

Xenotime-(Y) 0.00 0.00 0.00 0 0

Anatase 0.00 0.00 0.00 0 0

Fe_oxides 54.56 38.81 0.00 43283 43283

Ti-bearing Fe-oxides 0.56 0.40 0.00 520 520

Fe_hydroxide 0.04 0.04 0.00 52 52

Pyrite 0.00 0.00 0.00 2 2

Pyrrhotite 0.00 0.00 0.00 1 1

Chalcopyrite 0.00 0.00 0.00 0 0

Sphalerite w ith hiFe 0.00 0.00 0.00 3 3

Galena 0.00 0.00 0.00 0 0

Iron 0.02 0.01 0.00 19 19

Iron_quartz_mix 0.00 0.00 0.00 1 1

Cr_Steel 0.00 0.00 0.00 2 2

Mn_Steel 0.00 0.00 0.00 2 2

Epoxy_mix 0.02 0.06 0.00 90 90

Total 100.00 100.00 0.00 112748 112748
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5.2 Physical Competency 

 

5.2.1 The Bond Rod Mill Work Index  

 

The Bond Rod Mill Work Index value of Blötberget, Upper Level Ore sample was 10.4 kWh/t. 

 

The average of the last three net grams per mill revolution (Grp) was 14.231g. The F80 of the sample was 

10,042ɛm and the P80 was 836ɛm. The detailed findings for the Bond Rod Mill Work index are presented 

in appendix C. 

 

5.2.2 The Bond Ball Mill Work Index  

 

The Bond Ball Mill Work Index value of the Blötberget Upper Level ore sample was 18.8 kWh/t.  

 

The average of the last three net grams per mill revolution (Gbp) was 0.994g. The F80 of the sample was 

2,355ɛm and the P80 was 80ɛm. The detailed findings for the Bond Ball Mill Work Index are presented in 

appendix C. 

 

5.3 Bond Crushability Work Index and Abrasion Index (Sandvik)   

 

Test Results 

 

 

Specific gravity (g/cm³): 3.27 

 Abrasion Index (AI): 0.2959 

 Work Index (WI): 3.8 +/- 0.8 

  

The detailed results on the Bond Crushability Work Index and Abrasion Index are presented in  

appendix D. 
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5.4 Coarse Product Recovery 

 

Table 1: Dry LIMS <20mm material, 3 passes 

 

Test Conditions  

Material: 42.5kg of <20mm jaw crushed material 

Equipment: Eriez Dry LIMS machine 

Feed rate: 27-33 tons/hour/m width 

Drum Speed (m/s): 1.5 Roughing 

 2.5 Cleaning of Mag # 1 

 5.0 Recleaning of Mag # 2 

 

Table 4: Dry LIMS <6.7mm material, 4 passes 

 

 

Test Conditions  

Material: 39.5kg of <6.7mm jaw and roller crushed material 

Equipment: Eriez Dry LIMS machine 

Feed rate: 22-28 tons/hour/m width 

Drum Speed (m/s): 1.5 Roughing 

 2.5 Cleaning of Mag # 1 

 5.0 Stages 3 and 4 

wt.-% % Rec-% % Rec-% % Rec-% % % % % % % % Rec-% g/cc

Mag # 3 41.3 53.2 61.3 20.8 22.4 0.66 44.7 1.59 1.95 0.81 0.42 0.27 0.00 59.0 80.5 4.24
 

Non-Mag # 3 16.1 45.4 20.4 27.5 11.6 0.83 21.9 2.23 3.27 1.09 0.96 0.50 0.01 30.7 16.4 4.01

( Mag # 2 ) 57.4 51.0 81.7 22.7 34.0 0.71 66.6 1.77 2.32 0.89 0.57 0.34 0.00 51.0 96.9 4.17

Non-Mag # 2 3.2 46.8 4.2 24.4 2.0 1.15 6.0 1.72 3.32 1.50 1.11 0.44 0.01 14.2 1.5 4.07

( Mag # 1 ) 60.6 50.8 85.9 22.8 36.0 0.73 72.6 1.77 2.37 0.92 0.60 0.34 0.00 49.1 98.4 4.16

Non-Mag # 1 39.4 12.8 14.1 62.2 64.0 0.42 27.4 1.71 10.20 1.35 4.00 1.48 0.01 1.3 1.6 2.91

Calc'd Feed 100.0 35.8 100.0 38.3 100.0 0.61 100.0 1.74 5.46 1.09 1.94 0.79 0.01 30.3 100.0 3.56

Test 

product(s)

SG
P2O5 Satmagan

XRF MP-10 and Satmagan analyses

Fe SiO2 MgO Al2O3 CaO Na2O K2O S

wt.-% % Rec-% % Rec-% % Rec-% % % % % % % % Rec-% g/cc

Mag # 4 41.5 54.7 62.4 19.0 21.1 0.58 35.7 1.59 1.90 0.73 0.42 0.25 0.02 62.6 86.4 4.34
 

Non-Mag # 4 4.7 46.9 6.1 26.7 3.4 0.74 5.2 2.08 2.85 0.99 0.77 0.43 0.01 38.5 6.0 4.03

( Mag # 3 ) 46.2 53.9 68.5 19.8 24.5 0.60 40.8 1.64 2.00 0.76 0.46 0.27 0.02 60.2 92.4 4.30

Non-Mag # 3 6.5 42.8 7.6 30.3 5.3 0.85 8.2 2.29 3.49 1.19 1.02 0.54 0.01 22.8 4.9 3.89

( Mag # 2 ) 52.7 52.5 76.2 21.1 29.8 0.63 49.0 1.72 2.18 0.81 0.53 0.30 0.01 55.6 97.3 4.25

Non-Mag # 2 2.7 38.4 2.8 33.4 2.4 1.18 4.7 2.66 4.48 1.61 1.39 0.65 0.02 10.2 0.9 3.77

( Mag # 1 ) 55.3 51.9 79.0 21.7 32.1 0.65 53.7 1.77 2.29 0.85 0.57 0.32 0.01 53.4 98.2 4.22

Non-Mag # 1 44.7 17.1 21.0 56.7 67.9 0.70 46.3 1.93 9.45 1.530 3.75 1.32 0.01 1.2 1.80 3.09

Calc'd Feed 100.0 36.3 100.0 37.3 100.0 0.67 100.0 1.84 5.49 1.15 1.99 0.77 0.01 30.1 100.0 3.63

Test 

product(s)

SG
S Satmagan

XRF MP-10 and Satmagan analyses

Fe SiO2 P2O5 MgO Al2O3 CaO Na2O K2O
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5.5 Davis Tube Recovery 

 

Table 5: PSD of Davis Tube samples after grinding 

 

 

  

 

Screen

opening

(µm) Weight (g) Pass. (%) Frac. (%) Weight (g) Pass. (%) Frac. (%) Weight (g) Pass. (%) Frac. (%) Weight (g) Pass. (%) Frac. (%) Weight (g) Pass. (%) Frac. (%) Weight (g) Pass. (%) Frac. (%)

1000 0.0 100.0 0.0

800 9.4 89.6 10.4 0.0 100.0 0.0

710 4.4 84.7 4.9 3.5 94.8 5.2

630 4.5 79.8 5.0 4.3 88.4 6.4 0.0 100.0 0.0

500 7.7 71.2 8.5 7.4 77.5 11.0 1.9 97.2 2.8

315 71.2 0.0 77.5 0.0 13.1 78.0 19.2 0.0 100.0 0.0

250 23.9 44.8 26.4 22.8 43.7 33.8 9.9 63.4 14.5 7.2 84.3 15.7

180 44.8 0.0 43.7 0.0 63.4 0.0 8.4 66.1 18.3

112 44.8 0.0 17.0 18.5 25.2 24.1 28.0 35.4 10.8 42.6 23.5 0.0 100.0 0.0

90 44.8 0.0 18.5 0.0 28.0 0.0 5.0 31.7 10.9 7.5 83.4 16.6

75 28.1 13.7 31.1 5.2 10.8 7.7 28.0 0.0 31.7 0.0 6.1 70.0 13.5

63 13.7 0.0 10.8 0.0 9.8 13.7 14.4 5.3 20.2 11.5 6.0 56.7 13.2 0.0 100.0 0.0

45 13.7 0.0 10.8 0.0 13.7 0.0 20.2 0.0 7.6 40.0 16.8 11.7 74.1 25.9

32 13.7 0.0 10.8 0.0 4.8 6.6 7.0 4.7 10.0 10.2 4.8 29.4 10.6 8.3 55.8 18.4

20 13.7 0.0 10.8 0.0 6.6 0.0 10.0 0.0 5.0 18.3 11.0 4.0 46.9 8.8

U/S 12.4 13.7 7.3 10.8 4.5 6.6 4.6 10.0 8.3 18.3 21.2 46.9

Total 90.4 100.0 67.5 100.0 68.1 100.0 46.0 100.0 45.3 100.0 45.2 100.0

Calc'd

P 80 80

( µm ) 633.9 529.9 334.5 233.3 86.2 49.1

Top size 1.0 mm Top size 0.8 mm Top size 0.63 mm Top size 0.315 mm Top size 0.063 mmTop size 0.112 mm

DTR Test Feed DTR Test Feed DTR Test Feed DTR Test Feed DTR Test FeedDTR Test Feed



GEOLOGICAL SURVEY OF FINLAND     

 

 

 30.9.2014 

 

 

     40 

 

 

 

5.5.1 Effect of Grind Size on Recovery 

 

Table 6: Davis Tube tests at 1500 Gauss to investigate the effect of grind size 

 

 

 

5.5.2 Effect of Field Strength on Recovery 

 

Table 7: Effect of altering the field strength on <0.063mm Davis Tube samples 

 

 

 
















































































































































