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EXECUTIVE SUMMARY

Nordic Iron Ore AB (NIO) are aiming to redevelop the Bl6tberget iron ore deposit in Ludvika, Centr
Sweden, which was the site ohastorical underground iron ore mining opgon

NIO provided a metallurgical sample ®TK Mintecf r om a single drill +Hhol
METO0OO036. From this dril | e deperatedftom interaects 3¥0.26n0 tm
398.60m (approximately 140kg) to match tlkepectd Fe grade, magnetite:hentat ratio and
phosphorous content of the ore body

A programme of mineralogical testwork was devised and overseen by Tata Steel UK Consulting
(TSC) acting on behalf of NIO, with the aim of creating a product suitabkdoto steelproducers. The
main penalty elememtf concern wagphosphorusvhich was measured at 0.65wB40s in thecomposite.
The sample also contained 34.5wt% Fe and 39.0w8%, and approximately 30% magnetite as
determined by Satmagan.

An initial ree nue stream for NI O coul d b edwhithevoup romyd u
require basic processing by dry low intensity magnetic separation (LIMS) as specific gravity is the m
figure of interest. Two 40kg samples were separated from the ne@lungical senple and testd using
LIMS on two differed crushed ore sizes; <20mm and <6.7mm. The following two products we
produced which met the required S.G. criteria as set out by NIO

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

concentrate crushed to <10mm), 41wt% recovery
1 Test#2:54.7% Fe, S.@.34g/cm3, top size 6.7mm, 4P&vtrecovery

Physical competency testing was undertalegdin an understanding of the physical properties of the
ore. 20 pieces of >50m (nonrcrushed) corgveretaken from the metallurgicaample at random and sent
to Sandvik for Crushability Work Index (CWi = 3.8 +/0.8) and Abrasion Index (Ai = 0.30)
determination Theresults suggest hat Bl °t ber get i c a nordywhiclti®anshed e
easily but very abrasiveo. I't is therefore co
amounts of fines during crushing.

The Bond Rod Mill Work Index was determined Gy K Mintec to be 10.4 kWh/t. This value & the
lower end of the range typically observed for iron ores but in relatively good agreement with the ene
consumption data reported for the historical processing plant at Blotb&rBend Ball Mill Work Index

of 18.8 kWh/t (using a 0.100mm closiagreen) was reportetf.must be noted that the Bond Work Index
(BWi) testwork was conducted with raw composite samples of the feed. Once a flowsheet has &
defined, it is important that additional comminution data is generated from samples of thenattuial

to be ground.
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A mineralogical study was undertakendetermine the mineral hosts for iron (Fe) and phosphorus (P
and wnderstand the associatiand state of liberation of minerals hosting these elements

The principal iron oxide minerals id&fied were magnetite (as expected and a primary iron mineral) an
hematite (some primary hematite but also secondary martitepn8iderable proportion of Fexides
appearssufficiently liberated from the gangue at relatively coarse size (~1mm). Eekticroprobe
Analysis (EPMA) suggestithatbothh e mat i t e and magnetite are 0Op
levels of impurities and in particulahpsphorus in the mineral lattice.

Apatite was identified ashe pincipal carrier of phosphorusMonazite, a rare earth elemefREE)
phosphate principally containing cerium (Ce) and lanthanur las also identifiedWhilst generally
well liberated at particle sizes <250pphosphate mineraksppear to be more intimately associated with
hematite (matite) than with magnetite. One important consequence of this is that hematitéeil
require finer grinding to achieve liberation from phosphate minerals.

The distributions of the REE between the mineved¢se reportedas follows: monazite (86%)allanite
(8%), synchysite (3%) andenotime (3%)Whilst theoverall content oREE was very smallthe feed,

for example, contains only.03wt%), REE did become concentrated the phosphatech froth removed
during the batchflotation tests. It is known that, historically, Grangesberg produced a phosphate
concentrate containing 17% f or manuf act ur e of which algp eontpirfred G7poh ¢
REE.

Davis Tube recovery (DTR) tests were undertaken to investigateelib@se of magnetite at défient
grind sizes Subsequent wetIMS using a druntype separator failed to produce a satisfactory
concentrate from the ground feed<d1.63mm(9.8% SiQ, >0.3% NaO+K;0). LIMS at <0.315 mm
produced a concentrate with 68.9% Fe and satisfactory phosptumtent (©.03% P), howeverhe
content of SiQ was slightly elevated (4.2%). LIMS at <0.075 mm producddga-gradeconcentrate
with ~72% Fe, 0.52% SiCand very low phosphorus content (<0.01% P).

Shaking table testgised to anticipate the behaviour gpirals) resulted iconcentrates with satisfactory
%Fe and %Si@beingobtained from both the <0.63 mm LIMS tailings (66.6% Fe, 1.9%)Ii®well as

the <1.18mm feed material (69.3% Fe, 1.7%,5i@he levels of phosphorus in the products of gravity
corcentration, however, exceeded the typically acceptable limit (<0.065% P) by a large margin and wc
require further processing in the form of magnetic separation (MIMS/WH#&vi&or flotation

The combination of gravity concentration and low intensitygnedic separation produced a coarse
magnetite concentrate grading 70.6% Fe, 1.6% &i@d 0.07% P with a top size of 1.18mm which was
deemed an acceptable product. A hematite concentrate grading 66.3% Fe and 2.4t &6taining a
very high content ophosphorus (0.37% P) was also produced. Regrinding of the hematite concentrate
<0.315mm followed by wet MIMS/HIMS (HGMS) proved unsuccessful in that it failed to reduce th

c 5
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phosphorus to a level which would be considered acceptable by steel millsprbeenthe product grade
reverse flotation was investigated for phosphate removal.

Regrinding of the hematite concentrate to <100Qfoiowed by flotation of the phosphate minerals
(apatite, monazite) with a fatty acid based collector (Atrac 1563 from)Adamb sodium silicate (500g/t)

at slightly alkaline pH (~9.5) produced a concentrate grading 67.8% Fe, 2.20ar8i®.026% PThe
employed collector exhibited excellent flotation kinetics (3min flotation time), and high selectivity we
achieved with low @agent additions (50g/t collector) at moderately alkaline pH. Hematite was depress
effectively at pH 9-9.5 resulting in a high flotation yield of 91wt%\either of the collectors tested
showed any affinity towards quartz or (alumijsdicates.

Selectie flocculation carried out on a sshmple of the flotation concentrate (<100um in siz@p
largelyunsuccessful in that it proved to have little effect on the levedsidfgangue (0.29%ts reduction
of Si02, 0.05%pts reduction of Al203).

Overall, theresults are very encouraging in that high quality products with low phosphorus levels can
obtained from Flygruvan ore horizon. Grades of iron in the concentrates exceeded 66% Fe and 709
the hematite and magnetite products, respectivehe product were generally low on impurities
commonly found in iron ores such as alumina, sulphur, and alkalis. The hematite concentrate conta
slightly elevated levels of titanium (GB35 % TiQ).

The testwork suggests that there may be potential to recoetataely coarse grained concentrate (top
size of 1.01.2mm) by a combination of gravity separation (spirals) and wet LIMS.

A flowsheet along the following lines is proposed:

1 The option of recovering a heavy aggregate product using dry LIMS aftéingus

1 An spiral circuit to recover coarse magnetite and hematite;

1 LIMS of the spiral concentrate to produce a coarse magnetite concentrate (low phosphorus) a
hematite Atailingo (high phosphorus);

1 Regrinding of the hematite stream followed by phosph@moval by fatty acid flotation,
producing a fine hematite concentrate; and

9 Stagewise 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%vebpect
It must be appreciated, however, that the laboradoaje 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
additional benctscale tests to confirm thalidity 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 minera
processing testark relating to the development of the Blotbergeh oredeposit in Ludvika, Central
Sweden.

The GTK Mineral Processing LaboratorsTK Mintec) located in Outokumpurinland, is a renowned
test centre specialised in the characterisation and procesfsgeral oreslt offers a wide range of
services including mineralogical studies, bench scale beneficiation testwork and pilot testing for a w
range of minerals, including iron ores.

The Blotberget deposit isf magmatic origin anénown to contairmagnetite and hematites Feoxide
minerals andjuartz, silicates and phosphatessgangue GTK Mintec understanslthat the Rurof-mine
(RoM) is estimated t@ontainaround 35% Fe and 0.3% With an average magnetite:hematite ratio of
~ 60%:40%.

GTK Mintec had already been engaged in an earlier phase of testing on samples from Blotberget in 2
The main purpose of the testwodiscussed in thiRReportwas to develop a processifigwsheetto
producea suitable iron ore concentratgth low levels of plosphorouspredominantlyfor use in the
European Steel Industrpther avenues of revenue such as REE contents and a heavy aggregate for
metallurgical applicationgerealso to be explored

The programme of metallurgical testimpmmenced in early Felmry 2014 and was completed in May
2014.The testworkvas overseen by Tata Steel UK Consulting Ltd (T&&)hhg onbehalf of NIO.

N\ 12
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2 SAMPLES FOR TESTING

2.1 SampleOirigin

In late January/early February 20180 had provided approximately 466kg of HQ halbére to GTK
Mintec for metallurgical testing. The cores were obtained from a single drill hole with the referen
0 B B 1 2MELTS0 0 Acéording to information provided by the Clienthet hole interceptedboth
Flygruvan and Kalvgruvamat an angle of 45 degree so as to produce as much core as possible fol
metallurgical testwork.

The initial development work, which is the subject of this Report, was carried out on a composite san
made up frondrill core sectiongakenfrom Flygruvan only.

Intersects370.5m to 398.60m wre combined and homogenized to formmcomposite matchinthe
expectedrebody average in terms of:

- Fe grade
- Ratioof magnetite to hematite
- Phosphorus grade

The total amount of sampévailable for testingvas approximatelyl40 kg

Phobgraphs othe core boxes of drilhtersects 370.25m to 398.60m as receive®bi Mintecare
provided in AppendiA.
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The head assay wdstermineds follows:
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Tablel1: Head feed assay

CEI;?SS;/ d Contents (%)
Sample 1 Sample 2 Test Feed
L14012899 L14012900 Avg.
Sio2 39.3000 38.7000 39.00
TiO2 0.1350 0.1270 0.13
Al203 6.1500 6.0100 6.08
Cr203 0.0010 0.0031 0.00
V203 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
Rb20 0.0100 0.0110 0.01
SrO 0.0000 0.0000 0.00
BaO 0.0450 0.0440 0.04
Na20 2.4400 2.3500 2.40
K20 0.8100 0.8100 0.81
Zr02 0.0130 0.0130 0.01
P205 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 OFWORK

The bewrh-scale test programme compuds# the following elements

1. Sample preparation and head assays
2. Coarsegroductevaluation( 6 Early Revenued Phase)

a)

Dry low intensity magnetic separation (LIMS) &20mm and<6.7mm to produce an
6aggr egat e d -netallardgical@pplicitions n o n

3. Main processlevelopment

a)
b)
c)
d)
e)
f)

9)
h)
i)

)

K)

Bond Crushability Work Inde(CWi) and Abrasion IndexAi) [ carried out by Sandvjk

Bond Rod MillWork Index Esting

BondBall Mill Work Index testing

Mineralogical examination oRoM ground to<1.18mm by a combination ofptical
microscopy, Mineral Liberation Analyzer (MLA)and electron microprobe analysis
(EMPA).

Davis Tube Testingat six (6) differentgrinds to evaluate the effect of grind size on
magnetite concentrate grade and recovery

Wet low intensity magnetic separatiohl1S) of ground RoM using drurtype separator

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

Gravity separation, using Wilfletype shaking tiale, of <1.18mm RoM as well as selected
intermediate products obtainedfjn

Wet LIMS using drurrtype separator on products of gravity separation (reground wher:
necessary)

Wet medium intensity (MIMS) and high intensity (or high gradient: WHIMS/WHGMS)
magnetic separationn selected products of gravity separation

Reverselaboratory batchflotation for removal of phosphate minerals from hematite
concentrate

Selective flocculation testwork on hematite concentrate to remove total acid gangue (TA
inc. silicaand silicates

A visualisation of the work flow is showin Figurel andFigure2 overleaf.

-

GTK
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Flygruvan Intersects

Drill core 370.25-398.60m

Jaw Crusher

Crushing to <20mm

30.9.2014

CWi and Ai Testing Head Assay
~17 kg ~13 kg
Cores pieces sent to Sandvi Crushed to <3mm

Davis Tube by Size' Testing

~1 kg
6 different grinds

Ball Mill Wi Testing
~10 kg

0.10mm closing screen

Rod Mill Wi Testing
~15 kg
1.18mm closing screen

N\

Regrinding
~14 kg
t0 <0.63mm

Mineralogy
~1 kg
<1.18mm

l

~14 kg
at <0.63mm

Coarse Product Evaluation
~92 kg

v

Exploratory' Test
~10 kg
<20mm

42.5kg 39.3 kg
<20mm <6.7mm

Shaking Table (ST) Test
~10 kg
Re-ground to <1.18mm

Figure 1. Workflow diagram of undertaken testifpt1)
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~5 kg ~9kg ~3.6 kg ~5.4 kg > ~5.4 kg
<0.63mm <0.63mm <1.18mm <1.18mm at<1.18mm

Regrinding Shaking Table (ST) Test

LIMS Tails (‘hematite produc Regrinding of LIMS Conc
~5 kg ~8.5 kg ~3.6 kg ~1.3 kg ~1.5kg
t0 <0.315mm at <0.63mm at<1.18mm at<1.18mm t0 <0.315mm

\ ! !
Regrinding of ST Conc Regrinding
~5 kg ~0.5 kg ~2.3 kg ~1.3 kg ~1.5 kg
at <0.315mm t0 <0.315mm <1.18mm to <0.10mm at <0.315mm

Regrinding of LIMS Conc

Phosphate Flotation Regrinding
~2kg ~0.5 kg 2x ca. 600 g ~0.9 kg
to <0.075mm at <0.315mm at <0.10mm t0 <0.15mm
$ Selective Flocculation
~2 kg ca.50¢g ~0.9 kg
at<0.075mm at <0.10mm at <0.15mm

Figure 2: Workflow diagram of undertaken testing (pt2)
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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:

1 XRF 1 Multi-element analysis by XRfrom pressed pellets (Labtium method 180X) riwgiin
elements, particularly Fe, SiQAl,O3, CaO, MgO, P, Na, K, Mn, TiQV

1 ICP1i Total dissolution (Labtium method 309) followed by mkement analysis by IGBES
(Labtium method 0O00P) or ICMS (Labtium method 000M), for minor elements, particularly Co,
Ni, Cu, Zn, Pb, As, REE

1 Eltra Si Sulphur analysis by pyrolytical method (Labtium method 810L)

! Satmgani Sat urati on magnetisation (O6magnetite
method 891G)

All chemical analyses were performed by Labtium Oy at their laboratories in Outokumpu (XRF, Eltra
Satmagan) or Espoo (ICPLChemical analysis certificates are presented in AppendiXCdhies of
Labtiumbés sampling and assaendixhg procedures are

In addition to the above, polished sections prepaegart of the mineralogical studyere submitted for
Electron Microprobe (EMPA) analysis to determine impurity levels in the minerals of interest.

4.2 Sample Preparation

The sample was separdtitom the received drill cores according to the depth reference information provide
by the client. Drill core sections from 370.25 m to 398.60 m were combined and homogenized to fo
approximately 140kg of test feed. After removing a subsample for CWidardeterminations, the sample
was crushed stageise to <20mm using a jaw crush@igure 3 a)) and prescreening/intermediate screening
to minimize amount of fines and sshmpled for head assays.

Subsequent ashing to firer sizes was undertaken orlamboldtWedag HW 9342 roll crusher(Figure
3 b, ¢)) operated in closed circuit with a vibrating screen

Grinding was carried out using the following equipment:
1 Ball/RodMill with changeable ball or rod media
o Lab mill with stainless steel chamber and media (batches ef.BKg§ with approx 6kg
media per 0.5kg feedseeFigure3 d)
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o Mergan mill with mild steel chamber and media batches of up tékg with approx 22kg
media per 5kg fegdseeFigure3 e)
1 Vibratory disc mill (for quantities <100g), ségure3f)

Figure 3: a) Jaw crusher, biRolls crusherc)rolls crusher internal workings, d)aboratory batch ball/rod mill
€) Mergan rod/ball nill for larger-scale grindingf) 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)<4&ést§mm top size)
was submitted for mineralogical investigatieith the aim of:

0 19
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Determiningmineral hosts for Fe

Determinng minerals has for P

Assessingssociation of minerals and state of liberation of minerals hosting these elements
Identifying main gangue minerals

Determining elemental contamination of minerals hosting Fe

= =4 4 -4

The<1.18mm sample was screened to producédlt@mving fradions:

710-1180um
500-710pm
250-500pm
125250um
45-125um

= =4 =4 -4 A

4.3.2 ResearchMethods

Opical Microscopy

A single polished sectiowas made foeach of the fivesizefractionsby individually mounting thenmn
resin and polising usng standard methods. The polishestttons were investigatedith 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 analydek), which in
essence i| scanning electron microscope fitted with two enetligpersive spectrometers for rapid
elemental analysis and special software to automatically perform a range of quantitative mineralog
measurements and calculations. TheAHystem provides accurate statistical data on modal mineralogy
grain sizes and liberation of particles. Three separate measurements were performed on all sampl
order toobtainaccurateand reliableesults.

The modal mineralogical contents were asgred using the XMOD easurement modea (modern
version of the classical poksbunting 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 liarary :
mineral name is assigned to each spectrum gathered from the sample. Finally, the relative numbe
each mineral ds spectra are converted into per

Liberation of apatite was measured using the XBSE measurement mode where the instrumerg scar
sample or a section of it and measures and semlgll particles it recognizes. This recognition is based
on particles (usually minerals) having a higher egegle value than the epoxy mount, which is set as
background. This measurement will yield agon 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 af
satisfactory level of statistical confidence has been reached, which is usually somewhere be@@8en 1(
and 20000 paticles) a third measurement for locating all RE€aring minerals was necessary. For this
task the SPL_XBSE measurement mode was usadd#rtakesll the same measements and analyses
as the XBSEbut only to the particles that meet a special opedfined grey level trigger. In other
words, in this measurement mode the entire sample is scanned but only the particles that include g
which meet a predefined minimum grey level will be measured andsadaly

Electron Microprobe Analysis (EMPA)

Eledron microprobe analyses were needed in order to determine whether thaxides carry any
phosphorus. The detection limit of the EDS detectors of the MLA system is about 0.1 w%. A microprc
can detect significantly lower concentrations with much bettecision. All EDS analyses showed the
contentof the iroroxides to be below the detection limit. The detection limit of the microprobe was 20
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 locksale dry grindingprocedurevhich determines a
mat eri al 6s r e sThesnill ehargee&ondiss of yvo diffarehi sizeg of rods weighing 33,380g.

Theinitial ore charge was 34@g whichcontained 19.860f <1,18&¢ m mat er i al . The
was reachedfter8 cycles.The detailedrod Mill Work Index test Report is attached in Appen@ix

4.4.2 The Bond Ball Mill Work Index

The Bond Ball Mil measures 308305 mm with rounded corners and smooth lining. The dzdirge
consists of five different sizes of balls weighing about 20,125g.

The initial ore charge was@l/2g which contained 6% <1 00em materi al . The
reachedafter5 cycles.The detailedrod Mill Work Index test Report is attachedAppendixC.
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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 °
crushing characteristics (CWi) determination.

The Al test work requirea minimumof 1.6kg of-19mm +12.7mmmaterial A 5kg subsample was
therefore removed from the20 mmcrushed materiand screeedat 12.7 mm

The crushing characteristics and abrasion testwork was carried out in cooperation with Sdreltii. test
report is irtluded in AppendipD.

The cores samples sent for crushability testing are displayedure 4.

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

4.6 Dry LIMS

Two subsamples of 40kg of <20mm crushed mateware split out for drylow intensity magnetic
separation (LIMS}esting. One batch was processed at <20mm whilst the other was crushed to <6.71
prior to magnetic separation to enhance liberation.

The tests wereonducted on ak&riezmulti-pole dry LIMSdrum separator dd.9mdiameter.The crushed
feed material was fed on to the drura a vibratory feeder and separastc permanent magnetic field of
1,600 Gauss with a 130mm pole gap. The magnetic portion of the sample was put to one side whilst
non-magnetic portion waseintroduced several additional times at increased drum speitls final
product was obtained.
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Figure 5: a) Eriez dry LIMS drunshowing vibrating feeder, b) Side view showing product collectims bi

4.7 Wet LIMS

Wet LIMS tests were carried out usiagSala "Blue Rbbon" permanent ferrite magnétum (200mm
diameter)with a rominal magnetic field strengtbf ~0.07 Tesla(700 Gauss) at the drum surface
Magnetic materialadheresto the drum and is sefed from the slurryThe magnetic fraction was
reintroduced until practically no more material reported to the tailings.

Magnetic and nomagnetic fractions were dried, weighed and assayed separately.

Figure 6: Sala Blue Ribbn LIMS machine

4.8 Davis TubeRecovery(DTR) Testwork

Six (6) tests were carried out on subsamplegeefl 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
magnetic indutton on product grade and recovery of the <0.063ewdmaterial.
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On one occasiorn,IMS feed material was subjected BIR testingf or t he pur pose
the separation performance observed ondtger LIMS) drumtype separator.

In each ést, epresentativediches o20-25g ofdry materialweremixed with wateranddispersed iran
ultrasonic bath for about 1 minute prior to the test e feed was themtroducedinto aninclined,
rotating (approx.125rpnglass tubglaced between polips of an electromagnet.

In the Davis tube,hie strongly magneticmaterial containedh a sampleadherego the tube aroud the
magnetic poles whilst theveakly magnetic andhornrmagnetic contents flushed down the tuband
collected separately.

In the present programme,oth the magetic and nofmmagneticfractions were dried weighed and
assayedeparately.

Three differentmagneticinductions(as measureth the centre of the tubewere investigatedi,500
Gauss (fndefault o 10000 Géusstaadn2@ Gadss. Tie estjutprinewmas setup as
shownin Figure7. Tilt angle (45 degrees), wat8ow rate (approx. 1.0 litre/min) andest run duration
(15 minutes) remained constant.

Figure 7: Setup of Davis Tube equipment
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4.9 Shaking Table

The feed material wasiixed with waterand fed onto ®eister SD Diagorideck No. 15S shaking table
(1.2mx0.56m), seeFigure8. The feed rate was otrolled with the aid of a vibratory feeder.

The material was split into a concentraeniddling and twotailings productsThe ted ratautilised was
approx. 2530kg/hourof dry feed

Figure 8: a) Shaking table feed/stemb) Shaking table

4.10 Wet MIMS and HIMS (HGMS)

A representative subampl e of LIMS tailiwTgacenteatad) (&
<0.3mm and subjected to wet medium intensity (MIMS) and high intensity (HIMS, or HGMS for hig
gradient) nagnetic separatioto investigate the possibility of phosphorus reduction.

MIMS was carried out using a drutype rare earth (NdFeB) separator with a magnetic field of ~0.3T
(3,000Gaus, on the drum surface) and ~15% solids w/w in theFepd€9 a)).

Wet HIMS (HGMS) was performed usingSalamatrix-type magnetic separator with a '‘background field'
of ~0.3T (3,000Gausg)igure9 b)). A representative subamplewasmack into a slurry containing5%
materialand passed througkhe high intensity magnetic separation (HIMS) matrix. This is done as &
batch process with magnetic material accumulating in the matrix ananagnetic material flowing
through it. Periodically ta matrix is flushed with clean water with the magnetic field off and the
magnetic material is collected separately.
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Figure 9: a) MIMS drum separatgrh) WHIMS (HGMS) unit

It is important to note that the magnetic fieldesgth for a WHIMS (HGMSunit normally refers to the
magnetic induction in the empty separation space (‘background field'). The magnitude of the magr
force, which is proportional to the product of the magnetic flux demBjtyand its gradient (B xrgdB),

is then increased by several orders of magnitude with the insertion of a magretsetieéd metal sheet
or steel wool) matrix. As such, the field strength values of a WMIMS drum and a WHIMS unit are by |
means comparable.

411 Flotation

Owing to he failure of magnetic separation (WMIMS, WHIMS) to produce a hematite product witl
satisfactory phosphorus content, the material was reground -(8isgei.e. with intermediate wet
screening) to <100um and subjected to two (2) reverse flotation tests.

Phosphate minerals were floated with the aid of fatty acid based collectors at slightly alkaline pH (~¢
and sodium silicate (water glas$00g/t) as dispersant:

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

1 Test F2used a mix of Atrac 1563 from Akzo (150g/tollector currently used at LKAB to float
apatite from magnetite) and Aero 845 (30g/t) from Cytec
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The flotation tests were performed usingbanch topflotation unit EFigure 10), at 1,100rpm and
1.5litre/min of air. Dry feed was mixed with local taqater and conditioned at ~48% solids. The slurry
was then diluted and flotation performed -at0wt% solids.No desliming was carried out prior to
flotation.

Where requireda few drops of frother (methyl isobutyl carbinol, MIBC) were added to modify the frott
and limit bubble size. During flotation, the pulp level was controlled manually by the addition of local t
water.

For each test, the individuaitymed froth sample and the material remaining in the cell were dried and
weighed. Chemical analysis was performed us{Ay fluorescence spectroscoffgr Fe, Si, Al, Mg,
Ca, Mn, Ti, P) and Eltra eobustion analyser (for S).

Figure 10: a) Benchtop flotation unit, b) froth collecting during flotation

4.12 Selective Flocculation

The aim of the selective flocculation test was to identify if a suittbeulent (typically starch) vould
cause the selective formation of aggregatomprised of iron mineral¥he lighter dispersed gangue
should report to the supernatant suspension (overflow) whilst the more dense and flocculated i
mineralsshouldreport to the sedimentiiderflow). For each of the tests the following procedure was
used:
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Step 1.The first step in selective flocculatiamasto obtain a 'semstable’ dispersiorilhe definition of
'dispersedIs not easy to definbut, after agitation, the suspended sobtisuld not settle rapidly and
certainly no distincmud lineshould 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 samp@ 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 seldtin@ilent needs to be assexd by
staring with adosage of ;D00g/t of cooked starch and then incieggo 1,500g/t if necessary. (Note:
The starch has to be solubilised either by cooking or by the addition of caustic sodg. N&@H
suspension should be gently, but not violeralyifated during starch addition to aid mixing and fdrama
of large flocculants.

The total dose should be added as twaassp dosages (e.g. &xl) up-ending the cylinded-3 times
after each additian

Step 3.Flocculation should be very obvious wittsible agglomerates that rapidly settle to createua
line. Recordng of the position (height) of thenud line vs. timeis usedto obtaina settling curve
(mm/seg.

The supernatant suspension can then be separated from the sedimalan®asing aubber tube as a
siphon the resultant products (sediment; supernatant suspension) are dried, weighed and submitte
chemical analysis. Normally the supernatant suspension is removed-&ifien.5

Figure 11. Equipment used feselective flocculation testing
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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 sargratite and
magnetite were collectivel r epor t ed airsce, Withl prgserd methodis,ds impossibleto
reliably differentiate between the different iron oxide minerlle nce t he ter m fMag
and associated figures refers to iron oxides, essentially magnetitetieerGamilar tables by sieve
fraction are included inappendix E. Figure 12 provides column charts to illustrate the modal
mineralogical variations between the sieve fractions and compares them to the calcufated bul

Table2: Modal mineralogy of the calculated bulk sample.
NIO XMOD Calculated bulk

Mineral Wi% 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
Unclassified 0.06 0.09 134
Total 100.00 100.00 112748
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5.1.2 Phosphates and REEbearing minerals

The main phosphate mineral in the sample is apatitg(ROg3(OH,F,Cl)). Monazite (REE(P£)) and
xenotime (Y(PQ)) were also enamtered, but apatite is by far the main carrier of phoshorus in the
sample. Along with monazite and xenotime, also allanite ((Ce,&&Nje)s(SiO4)3(OH)) and synchysite
carry rare earth elements. Based on the MLA data the total REE distribution betesemineralsias
estimated to be as follows:

1 Monazite ~ 86%
1 Allanite ~8%
1 Synchysite ~3%
1 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.
Falsecolored grain image lists of apatite for each sieve fraction are includggbendixF (see also
appendixG for legend of the colors)These graphs and lists tell quite clearly that apatite is rather
well liberated in the two finest fractions, -425um and 12250um, and poorly liberated in the
coarser fractions. The two finer fractions, however, account for only apeuthird of the bulk, so

in order to liberated apatite properly the grinding shoumdertakerdown to <150um.

5.1.4 Liberation of iron oxides

Iron oxides in the sample include both hematite and magnetite. With current procedures they cannot
be reliably sepated with the MLA for quantitative purposes, so the liberation grapkggafe15

present the liberation of iron oxes as a whole. Photomicrograps taken from all sieve fractions with
an ore microscope are providedappendixH. From these pictures one can get a reasonable idea of
the occurrence of hematiteagnetite composite grains, as they show that starting from the coarsest
fraction they gradually become more scarse towards the finer fracfiomdight microsope photos

(Figure 13) illustrate quite clearly that in 250pum and coarser fractions there are a lot of hematite
magnetite composite grain§here are still a few of them in the 3250um fraction, but in the

finest 45125um fracion they become practically extinahd thus both oxides are wéberated.

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

Figure 13: a) A photomicrograph of the250um section showing that composite hematiégnetite grains
still exist in this fraction. b) In thé5-125um fraction hematitenagnetite composite grains are very rare and
both of these iromxides are w&ll liberated.
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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
appendixl. In gere r a | terms the hematite and magnetite
contain relatively little any unexpected minor or trace elements, such as phosphorus. Hematite does,
however, contairsome aluminium as the EPW results indicate, roughly 0% Al,O;. The
magnetite containsomealuminium although significantly less than hematite. Both minerals also
contain some vanadium with,®; contents averaging around @i%. Magnetitealso contains a

little bit of manganese with MnO concerttoas rangig from 0.05 to 0.14t%.

\ 33

GT K GEOLOGIAN TUTKIMUSKESKUS ¢ GEOLOGISKA FORSKNINGSCENTRALEN ¢ GEOLOGICAL SURVEY OF FINLAND



GEOLOGICAL SURVEY OF FINLAND

30.9.2014

Mineras! Libs by Porticle Composits
100
8\ . : : ' y ' :
o - 1 .
i 3 Y
B0 \ ¥ T 4
™
.
- B |
< ¢ -
L .
55 . 1
S ]
© —— o
.
49 2 .
o :
. S a—
»
25 et — l
2 =
1 —————
19 {
c .
% & = = ” & & & a = < * & = N P - & = < =
w = - 9 w =. :l_' 2 » b o 2 (‘: bl - = < z o 9 E
3 - - u e s - . - - < < - - = - > =] S
. Y ¢ v ' ¥ 4 v ¢ ) ' Y v H ) v 0 $ : v b
b v v v v v v v . v v v N v v v v v v v
a 4 a4 = & » ® ¥ L = * ® [ 2 L * 2 & * .
v 4 = n ) g ¥ 3 5 & b3 8 3 = 2 3 ® = =
Uberation Classes (%)
———a— {3550 _T10_1180_XBSE_STD - MarsufiiD_Minlist - Apatita - 3% classes - Waights - 13551_500_710_XBSE_STD - MarsulO_MinLst - Apants - 5% classes - Waght%
g 13552 250_500_XBSE_STO - MarauNO_MulList - Sgants - 5% classes - Weaght% - 13553_125_250_XBSE_STD - MarsuMO_MnlLst - Agatts - 5% classes - Waight%
. 13654_45_125 DBSE_STD - MarsohNiO_Mink st - Apatite - 5% clagses - Weght% Bulk_XBSE - Marsufi0_Minlist - Apatita - 5% claises - Waight

Figure 14: Liberation graphs of apatite for each sieve fraction and calculated bulk. Only in the two finest fractions apatitebenaddi
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Figure 15: Liberation graphs o€umulative 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 werglentified in the Flugruvan samplgtanite, biotite, phlogopite,
anatase, and Jearing Feoxide (Table3). Theconcentrations dfitanite and anatasgerenegligible in
the calculated bulk sample. Biotite and phloggpit&ilst representinga few percent of theninerals in
thebulk sample did not contribute greatly to thE distribution given their low contents 31O, (<0.5%).
EMPA analyss revealed thahematitecontainedonly trace levels of Tig) whilst magnetite was virtually
free of Ti pelowdetection limit) A small portion of the total iron oxides (0.5686the tdal calculated
bulk; approximately 1% of the total Fexides), howeverlid contain between-20 w% TiO,.

Table 3: Modal mineralogy of the calculated bulk sample before grouping of phadesaiiing minerals are hig
lighted with ellow.

Data Source: Bulk_XMOD
Mineral Groupings: Ungrouped

Mineral Wit% 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 @fl6tberget, Upper Level Ore sampias 10.4 kWh/t.

The average of the last three net grams per mill revolutia) Was 14.231g. Theskof the sample was
10042 ¢ m adgowla & h8&JPdetailed 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 Blétberget Upper Level ore sample was 18.8 kWhtt.
The average dahe last three net grams per mill revolutiorbfswas 0.994g. Thegk of the sample was

2, 355¢em gawads t8hles ddfailed 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/cms3): 3.27
Abrasion Index (Al): 0.2959
Work Index (WI): 3.8+/-0.8

The detailed results on the Bond Crushability Work Index and Abrasion Index are presented
appendix D.
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Table 1: Dry LIMS <20mmmaterial 3 passes

XRF MP-10 and Satmagan analyses
Test - SG
product(s) Fe SiO, P20s MgO [ Al,Oz| CaO |Na,O| KO | S Satmagan
wWt-% | % |Rec-%| % |Rec-%| % |Rec-%| % % % % % % % |Rec-%| | glcc
Mag # 3 41.3| 53.2| 61.3| 20.8| 22.4| 066| 44.7| 1.59| 1.95| 0.81| 0.42| 0.27| 0.00| 59.0{ 805| | 4.24
Non-Mag # 3 16.1| 45.4| 204 275 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| 42| 244| 20| 115/ 6.0/ 1.72| 3.32| 150 1.11| 0.44| 0.01| 142| 15|| 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| 622| 640 042| 27.4| 1.71|10.20| 1.35| 4.00| 1.48| 0.01| 13| 16| 291
Calc'd Feed | 100.0| 35.8100.0| 38.3|100.0| 0.61 {1000 | 1.74| 5.46| 1.09| 1.94| 0.79| 0.01| 30.3|100.0 3.56
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) 15 Roughing
2.5 Cleaningof Mag # 1
5.0 Recleaning oMag # 2
Table4: Dry LIMS <6.7mmmaterial 4 passes
XRF MP-10 and Satmagan analyses sG
EeStt Fe SiO, P.O; MgO | Al,o; | CaO | Na,O | K, O S Satmagan
product®) |\ o6 | o |Rec-%s| % |Rec-%| % |Recw| % | % | % | % | % | % | % |Reco| | glec
Mag # 4 415| 54.7| 62.4| 19.0| 21.1| 058| 35.7| 1.59| 1.90| 0.73| 0.42| 0.25| 0.02| 62.6| 86.4| | 4.34
Non-Mag # 4 47| 469 6.1| 26.7| 3.4| 074/ 52| 208| 2.85| 0.99| 0.77| 0.43| 0.01| 385 6.0/ | 4.03
(Mag #3) 46.2| 53.9| 68.5| 19.8| 245| 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| 428| 76| 30.3| 53| 085 8.2| 2.29| 3.49| 1.19| 1.02| 0.54| 0.01| 228 49| | 3.89
(Mag#2) 52.7| 525| 76.2| 21.1| 29.8| 0.63| 49.0| 1.72| 2.18| 0.81| 053 0.30( 0.01| 55.6| 97.3 4.25
Non-Mag # 2 27| 38.4| 28| 334 24| 118 47| 2.66| 4.48| 1.61| 1.39| 0.65| 0.02| 102| 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| 057 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|1530| 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 Conditions
Material: 39.5kg of <6.7mm jaw and roller crushed material
Equipment: Eriez Dry LIMS machine
Feed rate: 22-28tons/hour/m width
Drum Speed (m/s): 15 Rouching
25 Cleaningof Mag # 1
5.0 Stages 3 and 4
\ 38

GTK

GEOLOGIAN TUTKIMUSKESKUS ¢ GEOLOGISKA FORSKNINGSCENTRALEN ¢ GEOLOGICAL SURVEY OF FINLAND




GEOLOGICAL SURVEY OF FINLAND

5.5 Davis TubeRecovery

30.9.2014

Table5: PSD of Davis Tube samples after grinding

Screen DTR Test Feed DTR Test Feed DTR Test Feed DTR Test Feed DTR Test Feed DTR Test Feed
opening Top size 1.0 mm Top size 0.8 mm Top size 0.63 mm Top size 0.315 mm Top size 0.112 mm Top size 0.063 mm
(pm) 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 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 8.4 66.1 18.3
112 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 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 6.1 70.0 13.5
63 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 7.6 40.0 16.8 11.7 74.1 25.9
32 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 5.0 18.3 11.0 4.0 46.9 8.8
uU/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
(pm) 633.9 529.9 334.5 233.3 86.2 49.1
"\ 39

GTK

GEOLOGIAN TUTKIMUSKESKUS ¢ GEOLOGISKA FORSKNINGSCENTRALEN ¢ GEOLOGICAL SURVEY OF FINLAND




GEOLOGICAL SURVEY OF FINLAND

30.9.2014

5.5.1 Effect of Grind Sizeon Recovery

Table6: Davis Tube tests at 1500 Gauss teastigate the effect of grind size

5.5.2 Effect of Field Strengthon Recovery

Table7: Effect of altering the field strength on <0.063mm Davis Tube samples
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