=~ GTK

Geological Survey of Finland
Circular Economy Solutions Unit
Vuorimiehentie 2, F1-02151 Espoo 10.3.2021 Report Serial: 15/2021

Finland

Metallurgical testwork for the
geometallurgical orientation study of the
Konttijarvi Ni-Cu-PGE-(Au-Co) deposit

BATCircle Project Report 06 — WP1 Task 1.2

Simon P. Michaux
Alan R. Butcher
Quentin Dehaine
Tero Korhonen

Walter Rivera
David Bastin
Lorenza Sardisco
Chris Hughes
Luke Morgan
John Martin

llpo Auranen

Geologian tutkimuskeskus | Geologiska forskningscentralen | Geological Survey of Finland
Espoo e Kokkola e Kuopio e Loppi ¢ Outokumpu e Rovaniemi

www.gtk.fi e Puh/Tel +358 29 503 0000 e Y-tunnus / FO-nummer / Business ID: 0244680-7



Geological Survey of Finland BATCircle Project Report 06

GEOLOGICAL SURVEY OF FINLAND DOCUMENTATION PAGE
Date : 10/03/2021

Authors Type of report

Simon P. Michaux, Alan R. Butcher, Quentin | GTK Open File Work Report

Dehaine, Tero Korhonen, Walter Rivera, David | o mission by
Bastin, Lorenza Sardisco, Chris Hughes, Luke

Morgan, John Martin, llpo Auranen BATCircle Project — Business Finland

Title of report

Metallurgical testwork for the geometallurgical orientation study of the Konttijarvi Ni-Cu-PGE-
(Au-Co) deposit

Abstract

This report summarises the main findings of an orientation study work performed on 10
previously selected ore types form the Konttijarvi project, as part of the BATCircle project. These
10 ore-types, which display distinct mineralogical properties, have been tested using various
mineral processing methods in view investigation their processing behaviour as well as evaluating
the suitability of each technique.

Keywords

Konttijarvi, palladium, platinum, copper, nickel, cobalt, gold, polymetallic, geometallurgy,
magnetic separation, gravity concentration, flotation, sorting

Geographical area

Konttijarvi Au-Co prospect, 35 km west of Rovaniemi, Lapland, Finland

Report serial Archive code

15/2021

Total pages Language Price Confidentiality

146 English N/A Public Domain
Unit and section Project code

Circular Economy Solutions

Signature/Simon Michaux Signature/ Quentin Dehaine

S Wil

Associate Professor Senior Scientist

Signature/ Pasi Heino

] ,
LR £
[N N

Mineral Economy Solutions (MTR) Unit Head

This report was compiled by Simon P. Michaux with contributions from all other authors.



Geological Survey of Finland BATCircle Project Report 06 2/145

Contents

Documentation page

1 Introduction

2  Batcircle geometallurical program

3 Konttijarvi Geometallurgical Experimental Objective

3.1 Questions to address :
4  Materials and experimental design
4.1 Samples
4.2  Experimental design
4.3  Chemical assays
4.4  Bulk Element XRF Characterization of each Konttijarvi Sample Orientation Sample
4.5 Semi Quantitative mineralogical analysis by X-Ray Diffraction (Q-XRD)
4.6 Automated Mineralogy
5 Sample Preparation
6 Magnetic separation
6.1 Methods/Procedure
6.2 Magnetic Separation Results
7  Gravity concentration
7.1  Methods/Procedure
7.2 Gravity Separation Results
8 Flotation
8.1 Methods/Procedure
8.2  Flotation Results
8.3  Palladium recovery flotation data correlations
8.4  Copper recovery flotation data correlations
8.5 Cobalt recovery flotation data correlations
8.6  Characterization of flotation tailings
9 Leaching
10 Sorting

11 Discussions

12 Conclusions

13 Future Work

14 References

© oo O oo A A~ B

O LW VW VW OV 0 N O o D M D P P R R R R R
O 00 O & N N O O O U1 1 1 N OO oo L i D N

102
110
110
113



Geological Survey of Finland

BATCircle Project Report 06

15 Appendix A - Batcircle project summary

16
17
18
19
20

15.1
15.2
15.3
15.4
15.5
15.6
15.7

BATcircle Work Package Structure

Work Package 1 Summary

Work Package WP1.2 Structure and Deliverables

Work Package 1 Project consortium

Work Package WP1.2

Suhanko Arctic Platinum Oy

Konttijarvi deposit (SAP) BATCircle Geometallurgical Case Study

Appendix B — BATcircle Project WP1.2 Sample Labelling Protocol

Appendix C— Sample Grinding Size Distributions

Appendix D — Magnetic Separation Data

Appendix E — Gravity Separation Data

Appendix F — Flotation Separation Data

3/145

114
114
115
117
117
117
118
118
119
121
123
130
145



Geological Survey of Finland BATCircle Project Report 06 4/145

1 INTRODUCTION

This report is one in a series of reports to document work done in the development of the
geometallurgy Konttijarvi case study, which is part of Work Package WP1.2 in the BATCircle project. A
description and experimental approach of the BATCircle project is shown in Appendix A.

Suhanko is a polymetallic deposit, so there are number of valuable elements in this ore system. PGE
(especially Pd) is the main commodity but significant amounts of battery metals including Ni, Cu and
Co are to be found in the ore.

2 BATCIRCLE GEOMETALLURICAL PROGRAM

The BATCircle project Work Package 1.2 had two geometallurgical tasks. The first was a documented
geometallurgical procedure (Michaux & O’Connor 2020). The second was to have this procedure
shown in two case studies. One of this case studies is the Konttijarvi geometallurgical study. This
report is the second for this case study, where the first was the characterization of samples collected,
the data for which is used in this report (Michaux et a/ 2020).

Figure 1 shows the experimental design and workflow for this study.

3 KONTTUARVI GEOMETALLURGICAL EXPERIMENTAL OBJECTIVE

In context of mineral processing, both leaching and flotation have been considered as process paths in
previous work. Sulphide extraction to be considered is to target both copper (Cu) and nickel (Ni). The
geometallurgical objective for this campaign is:

Geometallurgical studies to refine the metallurgical process response to
maximize recovery of minerals into separate Cu/PGE and Ni/PGE/Co
concentrates

3.1 AQuestions to address :

e Primary question — what is the most useful process path? Flotation, leaching, or a combination
of both?

e Can gravity separation and magnetic separation augment the best process path?

e How does this change between rock types?

e How to achieve 80% for palladium recovery, where grain size is below 10 micron and mostly in
pentlandite.

e Niis concentrated at the lower end of the deposit. How to exploit this?

e A useful metallurgical target would be to try and suppress the pyrrhotite, as this would be a
penalty element at the smelter.
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Figure 1. Konttijdrvi geometallurgical program
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4 MATERIALS AND EXPERIMENTAL DESIGN

4.1 Samples

Samples were collected in consultation with Suhanko Arctic Platinum (SAP) staff, which would be the
foundation of the geometallurgical Orientation Study. These samples were to represent the rock
texture extremes in which the rest of the deposit is made up of a combination of these samples. If
these samples are characterized appropriately, process behaviour can be more effectively planned for.

The collected samples were transported to GTK-Mintec for sample preparation. Part of this sample
preparation was to prepare a series of sub-samples, each of which were to be tasked for a specific
process separation test. One of these sub-samples for each rock type was to be used to characterize
the mineral composition and form of the rock as received (unprocessed). These characterization
results would later be used to compare the products of process separation tests on parallel sister
samples.

The ore type definition and sample selection procedure has been reported in (Michaux et al 2020). The
labelling protocol used in this project is shown in Appendix B.

4.2 Experimental design

The experimental design of this study has several components. The first step was to all sample
collected for each Orientation Sample, crush the drill core to 99% passing 3.35mm, which were then
subdivided in a representative manner (using a sample riffler), as shown in Figure 3. One sub-sample
for each Orientation sample was subject to characterization (Michaux et al 2020). Each remaining sub-
sample was sent to the laboratory for process separation. The products of each process test were then
characterized, in a manner where the feed samples and product samples could be used for a mineral
mass balance (Figure 2).
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Figure 2. Each process test is done in a manner where a mineralogical mass balance could be conducted
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Figure 4 shows how the process separation tests would be used, where different process paths are
compared. In Orientation Step 1, the process separation method (flotation, etc.) is tested on the
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sample as received. At the end of Step 1, an examination of what works for the best recovery and what
does not work in context of the study objectives. Orientation Step 2 (Also shown in Figure 4) is the
testing of different combinations of process steps. Orientation Step 3 would be an experimental test
of the process path combination of choice.

Due to project management difficulties related to the Covid-19 quarantine, this report only shows only
Orientation Step 1.

Figure 5 shows the outcomes of the process tests in each Orientation Sample together in one data set.
This data set would be used to examine which process path is most effective recovery for different
target metals (PGE, Ni, Cu, Co).
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Figure 5. Different process paths compared across all Orientation Studies



Geological Survey of Finland BATCircle Project Report 06 9/145

4 Acid Digest Multi- Bulk Element
element analysis by ICP-MS Analysis

Fire Assay, Au, Ag, Pd, Pt

Samples
determination by ICP-OES X-Ray

Fluorescence SKC-PM1
XRF

Chemical

Assay
Determination of Sulphur

by sulphur S analyzer (Eltra)

SKC-PM2

SKC-PX1

Orientation
Characterization Sample SKC-MS1

Determination of carbon by
carbon C analyzer (Eltra)

SKC-MS2

Automated Diffraction SKC-BAS2
Mineralogy XRD

Particle Mineral Texture,
Content & Association

Bulk Mineral
Analysis

Figure 6. The four kinds of ore characterization methods used in this study

4.3 Chemical assays

Whole rock geochemical assays were performed by Eurofin Labtium (Kuopio, Finland) following two
methods: A four acid digestion (Method code 306P /306M) to get accurate estimate of the gold and
cobalt content of each sample, as well as Inductively Coupled Plasma Optical-Emission Spectrometry
(ICP-OES, Thermo Fischer ICap 6500 Duo) for major elements and Mass Spectrometry (ICP-MS,
Thermo Electron iCAP Qc) for trace elements.

For the four-acid digestion method, a representative aliquot of each sample was prepared in pulp (0.2
g) and digested with a mixture of concentrated acids (hydrofluoric acid, perchloric acid, hydrochloric
acid and nitric acid) in a teflon tube by heating on a heating block. The solution is then evaporated to
dryness and the solid residue is dissolved in nitric acid. The final solution is diluted with water prior to
instrumental measurements using ICP-OES and/or ICP-MS.
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Figure 7. Precious metal content from chemical fire assay measurements for Konttijarvi Orientation Samples
(Method 711P) (Michaux et al 2020)
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Figure 8. Copper and nickel content
Four-acid digestion and Multi-element analysis by ICP-OES-technique (Method 306P) (Michaux et al 2020)
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Figure 9. Cobalt content
Four-acid digestion and Multi-element analysis by ICP-OES-technique (Method 306P) (Michaux et al 2020)
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Figure 10. Determination of Sulphur (sulphur analyzer Method Eltra 810L) and Determination of carbon
(carbon analyzer Method Eltra 811L) (Michaux et al 2020)
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4.4 Bulk Element XRF Characterization of each Konttijarvi Sample Orientation Sample

The bulk mineralogy for the 10 SAP Orientation samples was characterized with XRF by X-Ray Minerals
in the United Kingdom and Eurofins Labtium Oy in Finland (the XRF pellet method 180X was used). (see
Appendix G)

XRF is an elemental analysis and can chemical elements are present and what are their concentrations.
For example, the sample contains iron (Fe) and calcium (Ca) in a measured proportion. An X-ray
fluorescence (XRF) spectrometer is an x-ray instrument used for routine, relatively nondestructive
chemical analyses of rocks, minerals, sediments, and fluids. In a laboratory X-ray fluorescence (XRF)
spectrometer the emission of characteristic "secondary" (or fluorescent) X-rays from a material that
has been excited by being bombarded with high-energy X-rays (Fitton 1997, Potts 1987 and Rollinson
1993).
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X 50 - m MgO
40 ® MnO
B Fe203
30 -
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20 1 mAI203
10 A @mSio2
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Figure 11. Mineral content from XRF Multi-element analysis (X-Ray Minerals) (Michaux et al 2020)

4.5 Semi Quantitative mineralogical analysis by X-Ray Diffraction (Q-XRD)

XRD analysed were conducted by X-Ray Mineral Services (Wales, UK). A whole-rock and clay fraction
XRD analysis was carried out for each sample. The samples were first disaggregated using a pestle and
mortar. A 2 g split of this material was used for the whole rock analysis: the samples were ‘micronised’
using a McCrone Micronising Mill to obtain a powder with a particle size between 5-10 um. The slurry
was dried overnight at 80°C, re-crushed to a finer powder and back-packed into a steel sample holder,
producing a randomly orientated sample.The whole-rock samples were scanned on
a PANalytical X’Pert PRO diffractometer using a CuKa radiation at 40 kV and 40 mA. The diffractometer
is equipped with Automatic Divergence Slits (10 mm irradiated area), sample spinner and PIXcel 1-D
detector. Scan parameters are from 4.5 to 75° (28), at a step size of 0.013 and nominal time per step
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of 0.2 s (continuous scanning mode). The goal of the whole-rock sample preparation is to have a
random orientation of the grains, allowing unbiased phase quantification and minimizing the error
caused by preferred orientation of certain minerals (e.g. mica flakes, feldspar, calcite). The study of a
randomly oriented powder will give an approximate proportion of clay minerals present in the sample.
Qualitative analysis on whole rock samples was carried out using two commercial software packages
associated with the ICDD database: Traces (v.6) by GBC Scientific Equipment and HighScore Plus (v.4)
by PANalytical. Quantitative X-ray Diffraction (QXRD) was performed using the Rietveld method with
BGMN Autoquan software. The samples studied here contain minerals such as chlorite, biotite, talc
and amphibole in abundant quantities — these minerals’ grains tend to have strong preferred
orientation normal to the surface of the sample. The preferred orientation creates a systematic error
in the observed diffraction peak intensities, but the Rietveld method has proven to be effective even
with samples that contain abundant minerals with a platy or fibrous texture (Chang-Zong et al 2015).

For each sample, a 5 g split of the disaggregated material was taken and weighed accurately. The
weight was recorded in a central register for later reference. Separating the -2 um fraction was
achieved by ultrasound and centrifugation. The total weight of clay extracted was determined by
removing a 20-25 g aliquot of the final clay suspension and evaporating to dryness at 80°C. The initial
and final weights of the beaker used were also recorded in the register. The clay XRD mount was
obtained by filtering the clay suspension through a Millipore glass micro-fibre filter and drying the
filtrate on the filter paper. The samples were analysed as an untreated clay, after overnight saturation
with ethylene glycol vapour and following heating at 380°C for 2 hours, with a further heating to 550°C
for one hour. Clay filters were scanned on a Philips PW1730 diffractometer using a CuKq radiation at
40 kV and 20/25 mA. Clay filters were scanned from 3 to 35° (26) at a step size of 0.05° and 2 s step
time. The results of the clay fraction analysis are considered semi-quantitative, whereas the whole-
rock are quantitative as they are achieved with a different method that is standard-less (the Rietveld
method).

Detection limits of XRD vary depending on the mineral’s crystallinity, whether other minerals in the
sample produce overlapping diffraction peaks, and how the XRD experiment has been set up. The
average detection limit for the analyses presented is approximately 2%.
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Figure 12. Gangue minerals of interest that may hamper recovery (XRD) (Michaux et al 2020)
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Figure 13. XRD measurement results for Konttijdrvi Orientation Samples (Michaux et al 2020)
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4.6 Automated Mineralogy

SEM Automated mineralogy is a sophisticated methodology that measures individual particles in
context of what minerals are present and in what textural structure are they assembled together. The
micro-texture of the 10 SAP Orientation samples was characterized using automated mineralogy in a
Scanning Electron Microscope (SEM) by GK-Mintec in Finland (Michaux et al 2020).

Automated mineralogy as a characterization tool has advanced considerably. Reliable instrumentation,
continuously updated software capabilities and faster data acquisition. Samples are mounted into
polished resin blocks and are mapped using a scanning electron microscope (SEM). This method can
be good for mapping micro-textures, but it is not as effective for gangue mineralogy in some cases, or
with mineralogy with very similar back scattered electron grey scales. However, it is best practice to
use complimentary analysis to establish good mineral chemistry with probe work and LA-ICP-MS or
Raman, depending on the MOI (Hrstka et al 2018, Aylmore et al 2018, and Anderson et al 2014).
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Figure 14. Sulphide minerals measured in Konttijarvi samples
(MLA modal mineralogy head calculation) (Michaux et al 2020)

5 SAMPLE PREPARATION

Each Orientation Sample prepared for process separation test, was previously crushed to 99% passing
3.35 mm and then representatively split into sub products (Michaux et al 2020). To prepare each sub-
product, further grinding in a rod mill was required to achieve appropriate liberation. Based on past
GTK experience with this deposit and examination of the MLA data (Michaux et al 2020), a target grind
size (Pso) of 75 micron was selected. Each sample was put in a rod mill in a set procedure, and sub-
sampled until the target Pgo was reached. Each product was then either directly separated or placed
in a freezer to reduce oxidization. Appendix C shows this sample grinding data.
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6 MAGNETIC SEPARATION

6.1 Methods/Procedure

Magnetic separation tests on the 10 ore types have been perform at the University of Liege, Belgium.
The sample preparation involved crushing and milling of each sample to reach a Pso of 75 um, following
the flowsheet in Error! Reference source not found.16. The magnetic separation tests were carried
out on a Wet High Intensity Magnetic Separator from Carpco Inc (model CC WHIMS 2X 4XL) equipped
with grooved plates as matrix and operated at 25 wt% solid with samples of 1 kg each. The samples
were processed following the flowsheet in Error! Reference source not found.17, whereby the pulp
was submitted successively to a 1 Amp, 4 Amp and 6 Amp magnetic separation. The so-called
concentrates correspond to the magnetic fraction whereas the final tailings correspond to the non-
magnetic fraction of the sample.

Figure 15. Photographs of the magnetic separation test work.

a. Sample preparation b. Magnetic separation
+2 mm Crushed & Grinded
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Figure 16. Flowsheets showing the (a) sample preparation procedure and (b) magnetic separation procedure
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Figure 17. Magnetic separation experimental flowsheet

6.2 Magnetic Separation Results

Figure 18 and Table 1 show the mass pull for all the magnetic fractions for each ore type. Ore types
PM1 and PM2 have a mass of minerals susceptible for magnetic separation of 28% and 35%
respectively. The remaining ore types are Approximately 10% or lower.

Magnetic separation data is shown in Appendix D.



Geological Survey of Finland BATCircle Project Report 06 18/145

Mass in Magnetic Fractions
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Figure 18. Mass separated with magnetic separation
Table 1. Magnetic separation mass pull in product fractions
MAGNETIC SEPARATION | PM1 PM2 PX1 PX2 MS1 MS2 TZ1 TZ2 BAS1 | BAS2
MASS PULL (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
1 Amp 4.66% | 23.12% - 1.18% 1.39% 1.11% 1.38% 2.94% 3.34% -
4 Amp 21.85%| 6.39% - 3.86% 3.39% 1.68% 2.33% 3.13% 2.73% -
6 Amp 1.75% 5.42% - 4.54% 5.86% 2.16% 5.76% 3.56% 2.72% -
Non-Mag 71.74%| 65.08% - 90.43% | 89.36% | 95.06% | 90.52% 90.37% |91.21% -

The bulk mineralogy of the magnetic separation products for each ore type obtained through semi-
guantitative XRD is shown in Figure 19 to 31. The magnetic fractions are mostly composed of chlorite,
amphibole, talc, and plagioclase, and to a lesser extent dolomite, quartz, magnesite and pyrrhotite.

The proportion of each mineral varies depending on the product and the ore type but globally there is
no clear mineral separation pattern, where one mineral type is dominant in any particular fraction.

Mineral recoveries for the gangue minerals considered problematic are shown in Figures 19 to
22. Notethat only minerals for which a complete mass balance canbe calculated are
shown, e.g. muscovite is considered problematic but below the detection limit in most of the products.

Pyrrhotite is recovered in the 1 amp concentrate. From the MLA work done, pyrrhotite is often
associated with precious metals, which could be the reason why precious metals are reporting to
magnetic fractions in Figures 19 to 31. Notes for Figures 19 to 31:

1. Plagioclase 1 is probably andesine

Plagioclase 2 is probably albite

Chlorite is clinochlore

Amphibole 1 is probably actinolite

Amphibole 2 is probably anthophyllite-gedrite

Samples SKC-PM1 and SKM-PM1 contain a second species of amphibole that could not be
guantified separately (probably cummingtonite)

7. Traces of graphite possibly present in samples SKC-MS1, MS2, TZ1, TZ2, BAS1 and BAS2

o vk wnN
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Magnetic Separation Products - Biotite
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Figure 19. Semi-quantitative mineralogy (QXRD) of the magnetic products separation products Biotite
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Figure 20. Semi-quantitative mineralogy (QXRD) of the magnetic products separation products Chlorite
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Magnetic Separation Products - Calcite
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Figure 21. Semi-quantitative mineralogy (QXRD) of the magnetic products separation products Calcite
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Figure 22. Semi-quantitative mineralogy (QXRD) of the magnetic products separation products Talc



Geological Survey of Finland BATCircle Project Report 06 21/145

Magnetic Separation Products - Pyrrhotite

50

45 +

Feed Sample 1 Amp 4 Amp 6 Amp Non-Magnetic

PM1 PM2 PX2 MS1 MS2 TZ1 TZ2 BAS1

Figure 23. Semi-quantitative mineralogy (QXRD) of the magnetic products separation products Pyrrhotite
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Figure 24. Semi-quantitative mineralogy (QXRD) of the magnetic separation products PM1
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Figure 25. Semi-quantitative mineralogy (QXRD) of the magnetic separation products PM2
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Figure 26. Semi-quantitative mineralogy (QXRD) of the magnetic separation products PX2
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Figure 27. Semi-quantitative mineralogy (QXRD) of the magnetic separation products MS1
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Figure 28. Semi-quantitative mineralogy (QXRD) of the magnetic separation products MS2
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Figure 29. Semi-quantitative mineralogy (QXRD) of the magnetic separation products TZ1
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Figure 30. Semi-quantitative mineralogy (QXRD) of the magnetic separation products TZ2
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Figure 31. Semi-quantitative mineralogy (QXRD) of the magnetic separation products BAS1

Figure 32 to 47 shows the outcomes of an analysis done with Spotfire software (by John Martin, Hafren
Scientific). Patterns in the magnetic separation data for everything collected was examined and used to create
these charts, including chemical assays (fire assays method 711P, Eltra S, Eltra C and ICP method 306P), QXRD
and XRF.
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Figure 32. Principle Component Analysis of magnetic separation data
(Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Figure 33. Magnetic separation recovery, on a trinary plot between Fe;03, MgO and CaO
(Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Figure 34. Palladium recovery from magnetic separation (all samples)
(Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Figure 35. Tree map of correlation coefficient for Palladium recovery to characterization elements in feed samples
(all samples) (Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Figures 36, 39, 42 and 45 show an analysis of the patterns observed in the magnetic separation within

invidual samples.
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Figure 36. Element data relationship relative to Palladium concentrate for magnetic separation for sample SKM-TZ2

(Analysis done with Spotfire software by John Martin, Hafren Scientific)
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The deportation of each element to the different magnetic separation fractions (1 Amp, 4 Amp, 6 Amp
and Non-magnetic) follow different patterns. Figures 37, 40, 43 and 46 show all the deportation of the
measured elements into 5 clusters.
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Figure 37. Element data correlation coefficient tree diagrams for elements across for magnetic separation fractions for
sample SKM-TZ2 (Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Figures 38, 41, 44 and 47 show how these five different clusters present with different forms.
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postulated that each cluster represents a different mineral grouping.
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Figure 38. Element data relationship tree diagrams for elements across for magnetic separation fractions for

sample SKM-TZ2 (Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Figure 39. Element data relationship relative to Palladium concentrate for magnetic separation for sample SKM-TZ1

(Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Figure 40. Element data correlation coefficient tree diagrams for elements across for magnetic separation fractions for
sample SKM-TZ1 (Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Figure 41. Element data relationship tree diagrams for elements across for magnetic separation fractions for
sample SKM-TZ1 (Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Figure 42. Element data relationship relative to Palladium concentrate for magnetic separation for sample SKM-PM2

(Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Figure 43. Element data correlation coefficient tree diagrams for elements across for magnetic separation fractions for
sample SKM-PM2 (Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Figure 44. Element data relationship tree diagrams for elements across for magnetic separation fractions for
sample SKM-PM_2 (Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Figure 45. Element data relationship relative to Palladium concentrate for magnetic separation for sample SKM-MS1

(Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Figure 46. Element data correlation coefficient tree diagrams for elements across for magnetic separation fractions for
sample SKM-MS1 (Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Figure 47. Element data relationship tree diagrams for elements across for magnetic separation fractions for
sample SKM-MS1 (Analysis done with Spotfire software by John Martin, Hafren Scientific)

Figures 48 to 56 shows the data patterns in precious metal deportation in magnetic separation for these
samples.
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Figure 48. Precious metals recovered with magnetic separation (all magnetic fractions combined)

(Chemical Assay Method 711P)
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Figure 49. Palladium recovery from magnetic separation (Chemical Assay Method 711P)
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Figure 50. Palladium recovery from magnetic separation (Chemical Assay Method 711P)
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Figure 51. Platinum recovery from magnetic separation (Chemical Assay Method 711P)
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Figure 52. Platinum recovery from magnetic separation (Chemical Assay Method 711P)
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Figure 53. Gold recovery from magnetic separation (Chemical Assay Method 711P)
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Figure 54. Gold recovery from magnetic separation (Chemical Assay Method 711P)
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Figure 55. Silver recovery from magnetic separation (Chemical Assay Method 711P)
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Figure 56. Silver recovery from magnetic separation (Chemical Assay Method 711P)

Due to sample mass restrictions, a 4 acid digest chemical assay measurement was not done for the
magnetic separation products.
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7 GRAVITY CONCENTRATION

7.1 Methods/Procedure

As for the magnetic separation test work, the gravity separation tests on the 10 ore types have been
performed at the University of Liege, Belgium. The same sample went through the same sample
protocol preparation involving crushing and milling of each sample to reach a Pgg of 75 um, following
the flowsheet in Figure 57. Gravity concentration tests were carried out on a KHD Humbold Wedag

BATCircle Project Report 06 45/145

laboratory shaking table (Type MN 929/2) equipped with a rubber deck with carved riffles with a 5 kg

sample. The pulp density was set at 10-15wt% solids

a. Sample preparation
Ore Type Sample

i Roll Crusher
—P

Screemng l
-2 mm
Screenmg\
d I
i -2 mm

Magotteaux Mill

+2 mm

Pe=75 UM To magnetic & gravity

b. Gravity separation

Crushed & Grinded
Sample

Shaking Table

mCOncentrate

e me——— > Micldllings

—— Tailings

Figure 57. Flowsheets showing the (a) sample preparation procedure and (b) gravity concentration procedure

Figure 58. Photographs of the shaking table test work

7.2 Gravity Separation Results

Figure 59 and Table 2 show the mass pull for all the gravity separation fractions for each ore type.
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Gravity Mass Pull
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Figure 59. Mass in separated products with gravity separation

Table 2. Gravity separation mass pull in product fractions

GRAVITY SEPARATION | PM1 PM2 PX1 PX2 MS1 MS2 171 122 BAS1 BAS2
MASS PULL (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Concentrate 2.9% 22% | 1.86% | 250% | 1.4% 2.9% 0.8% 1.3% 1.9% 2.0%

Middlings 41% 34% | 27.24% | 27.86% | 33% 37% 24% 34% 30% 31%
Reject Tails 56% 64% | 70.90% | 69.64% | 65% 60% 75% 65% 68% 67%

The bulk mineralogy of the gravity separation products for each ore type obtained through semi-
guantitative XRD is shown in Figure 60 to 69. The gravity fractions are mostly composed of chlorite,
amphibole, talc, and plagioclase, and to a lesser extent dolomite, quartz, magnesite and
pyrrhotite. The proportion of each mineral varies depending on the product and the ore type but
globally there is no clear mineral separation pattern, where one mineral type is dominant in any
particular fraction.

Pyrrhotite, pyrite, chalcopyrite and pentlandite are recovered in the gravity concentrate. From the
MLA work done, sulfide minerals are often associated with precious metals, which could be the reason
why precious metals are reporting to gravity concentrate fractions in Figures 60 to 69.
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Figure 60. Semi-quantitative mineralogy (QXRD) of the gravity separation products PM1 (X-Ray Mineral Services)
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Figure 61. Semi-quantitative mineralogy (QXRD) of the gravity separation products PM2 (X-Ray Mineral Services)
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Figure 62. Semi-quantitative mineralogy (QXRD) of the gravity separation products PX1 (X-Ray Mineral Services)
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Figure 63. Semi-quantitative mineralogy (QXRD) of the gravity separation products PX2 (X-Ray Mineral Services)
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Figure 64. Semi-quantitative mineralogy (QXRD) of the gravity separation products MS1 (X-Ray Mineral Services)
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Figure 65. Semi-quantitative mineralogy (QXRD) of the gravity separation products MS2 (X-Ray Mineral Services)
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Figure 66. Semi-quantitative mineralogy (QXRD) of the gravity separation products TZ1 (X-Ray Mineral Services)
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Figure 67. Semi-quantitative mineralogy (QXRD) of the gravity separation products TZ2 (X-Ray Mineral Services)
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Figure 68. Semi-quantitative mineralogy (QXRD) of the gravity separation products BAS1 (X-Ray Mineral Services)
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Figure 69. Semi-quantitative mineralogy (QXRD) of the gravity separation products BAS2 (X-Ray Mineral Services)

Figure 70 to 77 shows the outcomes of an analysis done with Spotfire software (by John Martin, Hafren
Scientific). Patterns in the gravity separation data for everything collected was examined and used to create
these charts, including chemical assays (fire assays method 711P, Eltra S, Eltra C and ICP method 306P), QXRD
and XRF.
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Figure 70. Principle Component Analysis of gavity separation data
(Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Figure 71. Gravity separation recovery, on a trinary plot between Fe203, MgO and Co
(Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Figures 72 and 75 show an analysis of the patterns observed in the gravity separation within invidual

samples.
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Figure 72. Element data relationship relative to Cobalt concentrate for gravity separation for sample SKG-TZ1

(Analysis done with Spotfire software by John Martin, Hafren Scientific)
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The deportation of each element to the different magnetic separation fractions (concentrate,
middlings and reject tailings) follow different patterns. Figures 73 and 76 show all the deportation of
the measured elements into 5 clusters.
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Figure 73. Element data correlation coefficient tree diagrams for elements across for gravity separation fractions for
sample SKG-TZ1 (Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Figures 74 and 77 show how these five different clusters present with different forms. It is postulated
that each cluster represents a different mineral grouping.
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Figure 74. Element data relationship tree diagrams for elements across for gravity separation fractions for
sample SKG-TZ1 (Analysis done with Spotfire software by John Martin, Hafren Scientific)



56/145

BATCircle Project Report 06

Geological Survey of Finland

Guvsprviviiy vavs g
Lasejoolbe|dosad ]

aypuefpuagasad 1
apnroosny~osed
amaubeyosed 36
aysaubepyosad <+

ayuaw~osad 1
ajwojog osed
ajuoyoasad A
ayojegosed W
amoigosed @
Lajoquywy~osad [l
3|qeLeA
:Aq adeys
anuueinsed @
oleL od @
zpenpoed @
amoyuhdored @
ahdored @
zasejolbe|dosad
Lasejoolbe|d—osed @

a)puepuag-osad .
apnroosny~osed @
amaubeyosed @
aysaubepyosed @

ayuawiased O
ajwojogosed @
ajuoygosed .
apojegosed )
amoigToed @

L3joqywy—aed @

3|qeLeA

:Aq 1000
xejep~abueyo
‘9|qe} eleq
xejep~abueyo
au|

:3|qe) eleq
auy|

a|dwes

Aq sypiL

3LXIN

CNd-WMS

VAL

el

Ui www_

abueyo annesedwo)

Figure 75. Element data relationship relative to Cobalt concentrate for gravity separation for sample SKG-PM2

(Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Figure 76. Element data correlation coefficient tree diagrams for elements across for gravity separation fractions for
sample SKG-PM_2 (Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Figure 77. Element data relationship tree diagrams for elements across for gravity separation fractions for
sample SKG-PM_2 (Analysis done with Spotfire software by John Martin, Hafren Scientific)

Table 3 shows the sulfide mineral content in the gravity concentrate fraction. All of these minerals
were below detection limit in the feed samples, which highlights the effectiveness in concentration.

Table 3. Sulfide mineral content in gravity concentrate fraction
(Semi-quantitative mineralogy (QXRD) (X-Ray Mineral Services)

Mineral in gravity PM1 PM2 PX1 PX2 MS1 MS2 TZ1 TZ2 BAS1 BAS2
concentrate (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Pyrrhotite 7.15 5.22 14.50 17.15 4.51 16.40 22.92 14.62
Pyrite 4.34 2.29 5.80 2.48 4.57 1.90
Chalcopyrite 2.93 1.86 2.77 1.80 0.80 3.68 3.04 2.10 1.45 8.07
Pentlandite 2.84 2.40 2.72 1.91 5.97 4.40 5.50

Sum total 12.92% 7.08% 19.67% 1.80%  25.01% 12.39% 31.21% 31.90% 26.14% 9.97%
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Figures 78 to 86 and Tables 5 to 8 show the precious metal recovery. Overall, some precious metals
are susceptible to gravity recovery methods, but not enough to be considered as the primary method
of extraction. It could be possible to use gravity separation as a secondary extraction method,
however. Recovery ranges between 65% and 30%, with mass pull in the concentrate + middling
fractions combined ranging from 25% to 45%.
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Figure 78. Mass balanced precious metal recovery from gravity separation (concentrate and middling fractions combined)
(Chemical Assay Method 711P)

Figures 87 to 92 and Tables 9 to 11 show the copper, nickel, and cobalt recovery. Again, it can be seen
that some of the target valuable metals are recovered but not enough to consider gravity separation
as a primary process separation method. Especially when it is remembered that these recoveries are
associated with a large portion of the orginal sample.

Figures 93 to 96 and Tables 12 to 13 show the sulfur and carbon in each of the gravity separation
fractions. Sulfur recovery was shown to be very good, with 80-90% of sulfur form the feed sample
being deported to the gravity concentrate. This could have implications for tailings management.
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Figure 79. Palladium recovery from gravity separation (Chemical Assay Method 711P)
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Figure 80. Mass balanced Palladium recovery from gravity separation (Chemical Assay Method 711P)

Table 4. Palladium recovery from gravity separation (Chemical Assay Method 711P)

Palladium Content PM1 PM2 PX1 PX2 MSs1 MS2 TZ1 TZ2 BAS1 BAS2
(Fire assay, 711P) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/ke) | (mg/kg) | (mg/kg) | (mg/kg)
Feed Sample 2.7 1.6 2.0 2.0 1.7 2.3 1.7 1.3 2.0 2.28
Concentrate 28.7 15.9 25.9 10.0 15.3 18.6 22.0 16.7 19.4 14.30
Middlings 2.1 1.5 1.5 1.8 1.3 1.6 15 0.8 1.7 1.86
Reject Tails 1.8 1.1 1.6 1.8 1.6 1.9 1.5 1.2 1.7 2.12
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Figure 81. Platinum recovery from gravity separation (Chemical Assay Method 711P)
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Figure 82. Mass balanced Platinum recovery from gravity separation (Chemical Assay Method 711P)

Table 5. Platinum recovery from gravity separation (Chemical Assay Method 711P)

Platinum Content PM1 PM2 PX1 PX2 MS1 MS2 TZ1 122 BAS1 BAS2
(Fire assay, 711P) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg)
Feed Sample 0.94 0.36 0.57 0.56 0.42 0.67 0.41 0.35 0.42 0.58
Concentrate 8.41 3.19 5.23 2.67 1.59 2.33 1.55 1.57 2.03 2.32
Middlings 0.81 0.37 0.47 0.52 0.35 0.49 0.37 0.26 0.36 0.54
Reject Tails 0.66 0.26 0.49 0.50 0.43 0.70 0.41 0.37 0.40 0.55
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Figure 83. Gold recovery from gravity separation (Chemical Assay Method 711P)
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Figure 84. Mass balanced Gold recovery from gravity separation (Chemical Assay Method 711P)

Table 6. Gold recovery from gravity separation (Chemical Assay Method 711P)

Gold Content PM1 PM2 PX1 PX2 MSs1 MS2 TZ1 122 BAS1 BAS2
(Fire assay, 711P) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (me/kg) | (mg/kg) | (mg/kg) | (me/kg) | (mg/kg)
Feed Sample 0.20 0.16 0.17 0.23 0.14 0.18 0.14 0.10 0.18 0.19
Concentrate 275 2.52 3.73 273 244 2.22 1.18 0.78 2.93 1.39
Middlings 0.12 0.14 0.13 0.27 0.11 0.11 0.13 0.09 0.13 0.22
Reject Tails 0.12 0.09 0.09 0.13 0.11 0.13 0.14 0.09 0.13 0.14
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Gravity Separation Silver Recovery
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Figure 85. Silver recovery from gravity separation (Chemical Assay Method 711P)
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Figure 86. Mass balanced Silver recovery from gravity separation (Chemical Assay Method 711P)

Table 7. Silver recovery from gravity separation (Chemical Assay Method 711P)

Silver Content PM1 PM2 PX1 PX2 Ms1 MS2 T21 122 BAS1 BAS2
(Fire assay, 711P) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/ke) | (me/kg) | (me/ke) | (mg/ke) | (mg/kg) | (mg/kg)
Feed Sample 1.18 0.77 1.28 1.27 1.58 2.28 1.89 1.66 2.58 1.84
Concentrate 3.91 3.37 7.04 6.07 473 12.00 7.14 5.21 7.69 7.29
Middlings 1.02 1.10 0.91 1.10 1.40 1.76 1.81 1.39 2.28 1.67
Reject Tails 1.15 1.08 1.27 1.16 1.60 2.14 1.86 1.73 2.57 1.75
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Copper Recovery Gravity Separation Products (XRF) (mass balanced)
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Figure 87. Mass balanced Copper recovery from gravity separation (XRF) (Measurement X-Ray Mineral Services)

Copper Recovery Gravity Separation

100%

90% —+

80%

70% +

60% +

50%

(%)

40% 1

30% T

20% T+

10% + . .
0% - t t

SKC-PM1 SKC-PM2 SKC-PX1 SKC-PX2 SKC-MS1 SKC-MS2 SKC-TZ1 SKC-TZ2 SKC-BAS1 SKC-BAS2

B Concentrate [ Middlings @ Reject Tails

Figure 88. Mass balanced Copper recovery from gravity separation (XRF) (Measurement X-Ray Mineral Services)

Table 8. Mass balanced Copper recovery from gravity separation (XRF) (Measurement X-Ray Mineral Services)

Copper content SKC-PM1 | SKC-PM2 | SKC-PX1 | SKC-PX2 | SKC-MS1 | SKC-MS2 | SKC-TZ1 | SKC-TZ2 | SKC-BAS1 |SKC-BAS2
(XRF) (ppm) (ppm) (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
*Feed Sample 1137 1177 1124 543 1882 2112 2114 | 1411 1577 4829
Concentrate 278 134 287 143 108 396 0 143 125 610
Middlings 380 474 189 84 450 485 441 338 392 1061
Reject Tails 479 569 649 316 1324 1232 1672 930 1060 3158

*Back calculated
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Nickel Recovery Gravity Separation Products (XRF) (mass balanced)
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Figure 89. Mass balanced Nickel recovery from gravity separation (XRF) (Measurement X-Ray Mineral Services)
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Figure 90. Mass balanced Nickel recovery from gravity separation (XRF) (Measurement X-Ray Mineral Services)

Table 9. Mass balanced Nickel recovery from gravity separation (XRF) (Measurement X-Ray Mineral Services)

Nickel content SKC-PM1 | SKC-PM2 | SKC-PX1 | SKC-PX2 | SKC-MS1 | SKC-MS2 | SKC-TZ1 | SKC-TZ2 | SKC-BAS1 |SKC-BAS2
(XRF) (ppm) (ppm) (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
*Feed Sample 1562 2284 1319 1019 1333 1312 1016 893 1612 600
Concentrate 357 290 162 24 164 255 0 199 337 57
Middlings 501 784 278 278 353 344 233 196 386 146
Reject Tails 704 1210 879 717 815 712 783 498 889 397

*Back calculated
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Cobalt Recovery Gravity Separation Products (mass balanced)
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Figure 91. Mass balanced Cobalt recovery from gravity separation (4 Acid digest chemical assay, method 306P)

Cobalt Recovery Gravity Separation

100%

90% T

80% T

70% +

60% T+

50% —+

(%)

40% +

30% +

20% T+

10% +

0%

SKC-PM1 SKC-PM2 SKC-PX1 SKC-PX2 SKC-MS1 SKC-MS2 SKC-TZ1 SKC-TZ2 SKC-BAS1 SKC-BAS2

M Concentrate [ Middlings @ Reject Tails

Figure 92. Mass balanced Cobalt recovery from gravity separation (4 Acid digest chemical assay, method 306P)

Table 10. Mass balanced Cobalt recovery from gravity separation (4 Acid digest chemical assay, method 306P)

Cobalt content SKC-PM1 | SKC-PM2 | SKC-PX1 | SKC-PX2 | SKC-MS1 | SKC-MS2 | SKC-TZ1 | SKC-TZ2 | SKC-BAS1 | SKC-BAS2

(Multi element ICP 306P) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg)
*Feed Sample 370 159 109 83 84 61 66 64 85 114
Concentrate 245 13 13 2 7 9 7 12 16 1
Middlings 63 58 24 22 24 18 15 9 20 79
Reject Tails 63 88 72 58 53 33 45 44 48 35

*Back calculated
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Sulfur Recovery Gravity Separation Products (mass balanced)
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Figure 93. Mass balanced Sulfur recovery from gravity separation (ELTRA-S chemical assay, method 810L)
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Figure 94. Mass balanced Sulfur recovery from gravity separation (ELTRA- S chemical assay, method 810L)

Table 11. Mass balanced Sulfur recovery from gravity separation (ELTRA- S chemical assay, method 810L)

Sulfur content | SKC-PM1 | SKC-PM2 | SKC-PX1 | SKC-PX2 | SKC-MS1 | SKC-MS2 | SKC-TZ1 | SKC-TZ2 | SKC-BAS1 | SKC-BAS2
(EltraSassay) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/ke) | (mg/ke) | (mg/ke) | (mg/kg) | (mg/ke)
*Feed Sample 4.64 4.02 7.21 0.61 7.44 3.96 10.47 | 12.86 | 10.47 6.09
Concentrate 391 2.87 6.66 0.53 6.35 3.37 9.21 11.6 8.84 0.5
Middlings 0.38 0.72 0.26 0.03 0.51 0.25 0.7 0.65 0.67 493
Reject Tails 0.35 0.43 0.29 0.05 0.58 0.34 0.56 0.61 0.96 0.66

*Back calculated
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Carbon Recovery Gravity Separation Products (mass balanced)
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Figure 95. Mass balanced Carbon recovery from gravity separation (ELTRA-C chemical assay, method 811L)
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Figure 96. Mass balanced Carbon recovery from gravity separation (ELTRA-C chemical assay, method 811L)

Table 12. Mass balanced Carbon recovery from gravity separation (ELTRA-C chemical assay, method 811L)

Carbon content | SKC-PM1 | SKC-PM2 | SKC-PX1 | SKC-PX2 | SKC-MS1 | SKC-MS2 | SKC-TZ1 | SKC-TZ2 | SKC-BAS1 | SKC-BAS2
(EltraCassay) | (mg/kg) | (mg/kg) | (mg/keg) | (mg/keg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/ke) | (mg/keg) | (mg/ke)
*Feed Sample 3.07 8.23 0.35 0.22 0.32 0.26 0.17 0.18 0.23 0.11
Concentrate 1.11 2.96 0.14 0.07 0.16 0.09 0.09 0.06 0.12

Middlings 1.01 2.99 0.08 0.06 0.08 0.07 0.08 0.05 0.06 0.11
Reject Tails 0.95 2.28 0.13 0.09 0.08 0.1 0.07 0.05

*Back calculated
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8 FLOTATION

8.1 Methods/Procedure

Bulk flotation tests were done for the nine of the Konttijarvi Orientation Samples. The general
simplified flotation flowsheet is presented in Figure 97 and the used test conditions in Table 14. The
crushed -3.35 mm feed material was ground with the mild steel rod mill, the used ore feed batch was
1 kg, solids content in grinding about 53 % and rod charge 8 kg. The target grinding closing size was a
Dgo of 60 um. The actual resulting grinding closing size varied slightly depending on the ore sample
with a range of Dgo 48-64 um.

Flotation test 1 was carried out in a Outotec-GTK LabCellTM laboratory machine. Tests 2-10 were
carried out in a Outokumpu type GTK flotation machine, which was very similar to the commercial
model (“Outotec-GTK LabCellTM”). The rougher flotation was done in a 4 liter cell, with a mixing speed
of 1800 rpm. The solids content in rougher stage was approximately 25 % (1kg/4 liter). The cleaner
stages were done with 2.5 liter or 1.5 liter cell and mixing speeds were 1500 rpm and 1100 rpm
respectively. The solids contents varied depending on the sample and cleaning stage. The air flow was
3L/min in rougher stage when 4 liter cell was used and 2 liter/min in the cleanings when 2.5 liter cell
was used and 1.5 liter/min when 1.5 liter cell was used (Table 13. Konttijarvi flotation experimental test
conditions).

After the grinding, the rougher bulk flotation was performed in four stages. The rougher concentrates
RC1-4 were combined for the cleaning flotation stage. For most of the samples only one cleaning was
done due to the rather small amount of rougher concentrate. In the final cleaning flotation stage,
several samples were taken as time series, in order to see flotation kinetics which was challenging due
the small amount of concentrates.

CMC CMC CMC CMC

DF245 DF245 DF245 DF245

SEX SEX SEX SEX

MBC MBC MBC MBC

Rod Mill
Feed -3.35 mm I | ﬁ ;@ ﬁ ﬁ Tai
ails
il %"' 3 min—————— Y5 min— S5 min. < 7 minat——————»>
o8 == DB0~48-64 pum
RC1 RC2 RC3 RC4
RC1-4
CMC

DF245

SEX
MBC ﬁ CcM

Figure 97. Konttijdrvi flotation tests, general flowsheet, flotation tests 3-10

During all flotation tests, the pH was measured with a pH meter (Metrohm 877 Titrino Plus). An
overview of the flotation procedure with the timing followed for each of the 10 flowsheets can be
found in (Table 13). The flotation chemicals were fed before every flotation stage as in the Figure 97. It
should be noted that flotation conditions were not optimized for the all separate ore samples.
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Generally, the similar chemical dosages were used for the all tested samples. Chemicals used:

e Sodium carboxymethyl cellulose, (trademark is CMC Celect HPD, producer CP Kelco, Finland), was used
to depress silicates

e Sodium Ethyl Xanthate (SEX) provided by Supplier and Danafloat F245 (Sodium 0, O-diisobutyl
dithiophosphate) was used as collectors

e  Methyl Isobutyl Carbinol (MIBC), was used as a frother in all the experiments

Table 13. Konttijdrvi flotation experimental test conditions

Test Sample Grinding Flotation Reagents
Time D80 | Product | Time | Cell |Rounds| Air CMC | SEX |DF245| MIBC
min pum min | rpm | I/min g/t g/t g/t g/t
1 SKF-PM2 [ 62 64 RC1-4 25 4 1800 3 200 60 60 40
CC1 15 2.5 1500 2 10 2 2 3

CC2 13 2.5 1500 2 10 1 1

CC3 13 2.5 1500 2 10 1 1
Total 66 230 64 64 43
2 SKF-PM2 [ 62 64 RC1-4 20 4 1800 3 500 60 60 40
CC1 8 2.5 1500 2 50 7 7 8
CC2 17 1.5 1100 1.5 20 15 15 15
Total 45 570 82 82 63
3 SKF-MS1 40 63 RC1-4 20 4 1800 3 500 60 60 40
CC1 25 1.5 1100 1.5 10 45 45 40
Total 45 510 105 105 80
4 SKF-MS2 | 40 56 RC1-4 20 4 1800 3 500 60 60 40
CC1 25 1.5 1100 1.5 10 45 45 50
Total 45 510 105 105 90
5 SKF-TZ1 48 62 RC1-4 20 4 1800 3 500 60 60 40
CC1 25 1.5 1100 1.5 10 45 45 50
Total 45 510 105 105 90
6 SKF-TZ2 47 62 RC1-4 20 4 1800 3 500 60 60 40
CC1 25 1.5 1100 1.5 10 45 45 50
Total 45 510 105 105 90
7 |[SKF-BAS1| 37 63 RC1-4 20 4 1800 3 500 60 60 40
CC1 25 1.5 1100 1.5 10 45 45 50
Total 45 510 105 105 90
8 [SKF-BAS2| 39 63 RC1-4 20 4 1800 3 500 60 60 40
CC1 25 1.5 1100 1.5 10 45 45 50
Total 45 510 105 105 90
9 SKF-PX1 34 48 RC1-4 20 4 1800 3 500 60 60 40
CC1 25 1.5 1100 1.5 10 45 45 50
Total 45 510 105 105 90
10 SKF-PX2 25 53 RC1-4 20 4 1800 3 500 60 60 40
CC1 25 1.5 1100 1.5 10 50 50 50
Total 45 510 110 110 90

8.2 Flotation Results

The copper and nickel grades and recoveries in bulk flotation tests are presented in Tables 14, 15 and
16 and in Figures 98 to 118. In Test 1 with sample SKF-PM2, the mass pull into rougher concentrate
and 3" cleaner concentrate was very high. The silicate gangue minerals were not depressed effectively
and for this reason the copper and nickel grades were very low in rougher concentrate, Cu 0.16 % and
Ni 0.29 %. The 2" flotation test was done with same ore sample and the depressant dosage (CMC) was
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increased from 200 g/t to 500 g/t in rougher flotation which improved slightly the quality of the rougher
concentrate. The copper recovery was 86 % with 0.26 % grade and nickel recovery 53 % with 0.38 %
grade. After the 2" cleaning it was achieved 3.9 % copper grade with 80.5 % recovery and 3 % nickel
grade with 27 % recovery. The flotation tests with other ore samples were done based on the

experiences from Test 2.

Generally, if the Test 1 will be excluded, the copper recoveries in rougher flotation concentrates were
82.6 — 90.6 % and nickel recoveries varied very much 4.9 — 74.5 %. After the cleanings, copper grades
were 2.3 — 14.6 % with 77.1 — 87.5 % recoveries. The corresponding nickel recoveries were 1 —71.3 %

with 0.1 —4.1 % grades.

Table 14. Konttijdrvi flotation copper, nickel and cobalt grades and recoveries

BATCircle Project Report 06
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Test Sample Product Mass Cu Ni Co
% % |Rec.%| % |Rec.%| % |Rec.%
1 SKF-PM2 RC1-4 61.0 0.16 | 911 | 0.29 | 75.2 | 0.02 | 67.1
CC3 20.2 043 | 784 | 0.31 | 26.1 | 0.02 | 215
2 SKF-PM2 RC1-4 33.8 0.26 | 859 | 0.38 | 52.6 | 0.08 | 71.3
CC2 2.1 3.88 | 80.5 | 3.03 | 27.0 | 0.20 | 11.2
3 SKF-MS1 RC1-4 5.7 227 | 87.2 | 110 | 46.9 | 0.09 | 14.3
CC1 2.0 6.27 | 854 | 2.81 | 425 | 0.17 | 10.3
4 SKF-MS2 RC1-4 5.3 266 | 90.3 | 0.94 | 39.6 | 0.06 | 12.8
CC1 1.0 13.711 871 [ 393 | 310 | 019 | 7.9
5 SKF-TZ1 RC1-4 4.8 295 | 826 | 1.26 | 54.7 | 0.08 | 15.1
CC1 1.5 8.76 | 771 | 3.35 | 458 | 0.19 | 111
6 SKF-TZ2 RC1-4 4.6 220 | 885 | 1.05 | 58.6 | 0.09 | 115
CC1 1.5 6.57 | 859 | 297 | 542 | 0.23 | 9.3
7 SKF-BAS1 RC1-4 6.0 225 (893 | 199 | 745 | 012 | 24.7
CC1 2.8 475 | 879 1 4.08 | 71.3 | 0.23 | 21.9
8 SKF-BAS2 RC1-4 6.2 6.44 | 90.6 | 0.31 | 32.3 | 0.05 | 14.0
CC1 2.6 14.61| 87.5 | 0.60 | 26.5 | 0.09 | 10.3
9 SKF-PX1 RC1-4 6.9 1.30 | 90.6 | 0.61 | 29.8 | 0.06 | 14.8
CC1 1.0 8.58 | 86.4 | 2.82 | 199 | 0.25 | 9.2
10 SKF-PX2 RC1-4 4.6 041 | 833 | 011 | 49 | 0.02 | 55
CC1 0.8 229 | 816 | 012 | 1.0 | 0.02 | 0.6
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Table 15. Konttijdrvi flotation palladium, platinum, gold and silver grades and recoveries

Test Sample Product Mass Au Ag Pd Pt
% g/t |[Rec.%| g/t |Rec.%| g/t |Rec.%| g/t |Rec.%
1 SKF-PM2 RC1-4 61.0 02 | 873 | 13 | 645 19 | 880 | 04 | 779
CC3 20.2 04 | 69.0 | 1.8 | 30.1 36 | 54.7 | 0.7 | 49.3
2 SKF-PM2 RC1-4 33.8 0.3 | 82.1 1.1 535 | 29 | 801 0.5 | 63.9
CcCc2 21 39 | 746 | 104 | 313 | 416 | 726 | 59 | 52.9
3 SKF-MS1 RC1-4 5.7 09 | 487 | 106 | 443 | 171 | 652 | 3.6 | 54.9
CC1 2.0 25 | 453 | 269 | 40.0 | 449 | 608 | 94 | 504
4 SKF-MS2 RC1-4 53 27 | 713 | 23.7 | 569 | 30.1 | 845 | 58 | 63.2
CcC1 1.0 12.9 | 64.5 | 110.0 | 495 | 1413 | 74.0 | 26.3 | 53.3
5 SKF-TZ1 RC1-4 4.8 1.1 483 | 127 | 476 | 194 | 66.0 | 3.8 | 529
CC1 1.5 30 | 409 | 319 | 376 | 52.0 | 55.6 | 9.9 | 435
6 SKF-TZ2 RC1-4 4.6 12 | 589 | 136 | 526 | 194 | 825 | 3.9 | 615
CC1 1.5 34 | 55.2 | 36.3 | 455 | 56.7 | 78,5 | 11.1 | 56.6
7 SKF-BAS1 RC1-4 6.0 13 | 66.9 | 265 | 779 | 215 | 756 | 3.3 | 60.0
CC1 2.8 26 | 633 | 503 | 714 | 438 | 716 | 6.5 | 545
8 SKF-BAS2 RC1-4 6.2 14 | 748 | 120 | 612 | 189 | 756 | 4.8 | 742
CC1 2.6 28 | 656 | 249 | 542 | 384 | 655 | 9.7 | 63.6
9 SKF-PX1 RC1-4 6.9 1.1 799 | 6.8 | 456 | 19.2 | 76.7 | 51 67.7
CcC1 1.0 6.5 | 69.8 | 39.0 | 37.7 [ 112.5| 65.0 | 29.5 | 56.4
10 SKF-PX2 RC1-4 4.6 33 | 407 | 84 | 424 | 210 | 682 | 6.1 61.5
CcC1 0.8 129 | 283 | 39.0 | 34.8 | 108.7 | 62.1 | 31.3 | 55.8
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Table 16. Metal flotation kinetics for the Konttijdrvi deposit

73/145

Sample Cell Residence Cu Ni Pd Pt Co Au Ag
Time Recovery | Recovery| Recovery [ Recovery | Recovery [ Recovery | Recovery
(Minutes) (%) (%) (%) (%) (%) (%) (%)
PM2 2 62.71 10.68 45.71 30.38 4.33 56.14 16.89
Test 2 7 77.03 22.52 66.86 47.81 9.24 71.77 26.39
SKF-PM2 12 79.81 25.73 71.45 51.71 10.63 73.94 30.17
2nd cleaning 17 80.53 27.00 72.58 52.88 11.22 74.57 31.28
PX1 5 49.13 0.84 13.24 11.88 1.06 15.72 12.21
Test9 15 69.64 2.31 26.47 23.11 2.15 30.85 20.59
SKF-PX1 20 79.12 8.52 45.61 39.94 4.87 54.40 28.99
1st cleaning 25 86.39 19.89 64.98 56.44 9.24 69.82 37.65
PX2 15 74.96 0.31 52.80 48.75 0.31 25.32 27.42
Test 10 20 80.56 0.59 60.13 54.12 0.46 27.12 31.74
SKF-PX2 25 81.58 0.97 62.07 55.77 0.64 28.29 34.83
1st cleaning
MS1 5 46.18 2.55 7.26 12.36 1.19 9.63 12.83
Test 3 15 73.59 18.61 31.38 30.91 4.72 29.80 25.78
SKF-MS1 20 84.11 40.47 58.03 48.30 9.11 43.18 36.44
1st cleaning 25 85.39 42.52 60.76 50.40 10.28 45.35 39.96
MS2 5 64.53 3.77 23.46 23.19 2.53 28.28 22.97
Test4 15 79.78 9.56 40.16 36.45 4.34 52.78 37.12
SKF-MS2 25 87.06 30.99 74.03 53.29 7.92 64.51 49.50
1st cleaning
TZ1 5 44.87 5.06 9.00 14.04 2.41 11.63 11.23
Test5 15 60.01 10.82 17.24 21.64 4.38 19.50 18.22
SKF-TZ1 20 69.29 29.62 38.00 33.11 7.92 30.87 27.72
1st cleaning 25 77.14 45.80 55.58 43.50 11.08 40.90 37.56
TZ2 5 51.29 8.23 20.56 20.15 2.21 15.57 12.93
Test 6 15 73.58 29.70 51.74 40.75 5.46 32.06 24.80
SKF-TZ2 20 80.99 44.20 68.31 49.61 7.60 41.33 34.34
1st cleaning 25 85.86 54 .17 78.52 56.64 9.31 55.20 45.53
BAS1 5 59.86 11.33 15.15 16.35 6.13 23.73 20.72
Test7 15 76.60 33.03 35.80 30.08 12.25 40.65 36.27
SKF-BAS1 20 86.22 68.53 68.38 51.06 20.55 59.96 65.21
1st cleaning 25 87.85 71.28 71.62 54.45 21.90 63.28 71.37
BAS2 5 59.28 4.61 25.08 29.45 3.03 27.28 30.76
Test 8 15 72.81 8.11 37.11 42.37 4.75 40.67 40.91
SKF-BAS2 20 79.94 16.28 52.92 53.75 7.35 53.79 47.84
1st cleaning 25 87.49 26.51 65.54 63.56 10.28 65.62 54.23
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Palladium Grades and Recoveries
Rougher and Cleaner Flotation
100
90
80
—e— Test 1: SKF-PM2
70 —e—Test 2: SKF-PM2
- \ Test 3: SKF-MS1
>
] —e— Test 4: SKF-MS2
3 50
§ —@®—Test 5: SKF-TZ1
& 40 Test 6: SKF-TZ2
30 —@— Test 7: SKF-BAS1
—e— Test 8: SKF-BAS2
20 —e—Test 9: SKF-PX1
10 —e— Test 10: SKF-PX2
0
20 40 60 80 100 120 140 160
Pd g/t
Figure 98. Palladium grades and recoveries in bulk flotation tests
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Figure 99. Cumulative palladium grades and recoveries in final cleaner flotation
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Figure 100. Palladium flotation kinetics in the final cleaning
Platinum Grades and Recoveries
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Figure 101. Platinum grades and recoveries in bulk flotation tests




Geological Survey of Finland BATCircle Project Report 06 76/145

Cumulative Platinum Grades and Recoveries
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Figure 102. Cumulative platinum grades and recoveries in final cleaner flotation
Platinum Flotation Kinetics in Final Cleaning
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Figure 103. Platinum flotation kinetics in the final cleaning
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Figure 104. Gold grades and recoveries in bulk flotation tests
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Figure 105. Cumulative gold grades and recoveries in final cleaner flotation
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Gold Flotation Kinetics in Final Cleaning
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Figure 106. Gold flotation kinetics in the final cleaning
Silver Grades and Recoveries
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Figure 107. Silver grades and recoveries in bulk flotation tests
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Cumulative Silver Grades and Recoveries
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Figure 108. Cumulative silver grades and recoveries in final cleaner flotation
Silver Flotation Kinetics in Final Cleaning
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Figure 109. Silver flotation kinetics in the final cleaning
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Figure 110. Copper grades and recoveries in bulk flotation tests
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Figure 111. Cumulative copper grades and recoveries in final cleaner flotation
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Copper Flotation Kinetics in Final Cleaning
100
90
80
i —8—Test 2: SKF-PM2, 2nd cleaning
—8—Test 3: SKF-MS1, 1st cleaning
X 60 .
= —&—Test 4: SKF-MS2, 1st cleaning
Q
§ 50 —8—Test 5: SKF-TZ1, 1st cleaning
[}
o -
—&—Test 6: SKF-T. 1stcl
3 40 es Z2, 1st cleaning
-Test 7: SKF-BAS1, 1st cleaning
30
—8— Test 8: SKF-BAS2, 1st cleaning
20 —8— Test 9: SKF-PX1, 1st cleaning
10 —8—Test 10: SKF-PX2, 1st cleaning
0
0 5 10 15 20 25 30
Time, min
Figure 112. Copper flotation kinetics in the final cleaning
Nickel grades and Recoveries
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Figure 113. Nickel grades and recoveries in bulk flotation tests
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Figure 114. Cumulative Nickel grades and recoveries in final cleaner flotation
Nickel Flotation Kinetics in Final Cleaning
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Figure 115. Nickel flotation kinetics in the final cleaning
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Cobalt Grades and Recoveries
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Figure 116. Cobalt grades and recoveries in bulk flotation tests
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Figure 117. Cumulative Cobalt grades and recoveries in final cleaner flotation
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Cobalt Flotation Kinetics in Final Cleaning
25
20
—@—Test 2: SKF-PM2, 2nd cleaning
—@—Test 3: SKF-MS1, 1st cleaning
§~ 15 Test 4: SKF-MS2, 1st cleaning
% —@—Test 5: SKF-TZ1, 1st cleaning
% S Test 6: SKF-TZ2, 1st cleaning
S 10
Test 7: SKF-BAS1, 1st cleaning
—@—Test 8: SKF-BAS2, 1st cleaning
5 —@—Test 9: SKF-PX1, 1st cleaning
—@—Test 10: SKF-PX2, 1st cleaning
o o0——o——0
0 5 10 15 20 25 30
Time, min

Figure 118. Cobalt flotation kinetics in the final cleaning

The copper and nickel flotation kinetics in the final cleaning flotation stage are presented in Figures
112 and 115. Generally, the copper minerals were floating faster in comparison to nickel minerals.
After 15 minutes flotation time, most of copper was floated, thus from nickel only about half.

The cumulative grades and recoveries of copper and nickel in the final cleaning flotation stage are
shown in Figures 111 and 114. It can be noticed that best copper grade recovery curve was with the
sample SKF-BAS2, the copper grade was high 28 % with 60 % recovery after 5 minutes cleaner flotation,
finally after 25 minutes flotation, the cumulative copper recovery was 87 % with 14.6 % grade. Thus, it
should be noted that the copper feed grade was the highest too in SKF-BAS2.

The nickel grades were generally rather low with all samples in the final cleaning flotation stage.

The copper and nickel feed grades versus recoveries in rougher flotation are plotted in Figure 119. It
can be noticed that the nickel recovery is more related to the feed grade than copper recovery.
Generally, the trend was the higher the feed grades the higher the recovery.

Regarding the precious metals, gold, silver, palladium and platinum, the recoveries varied quite a lot.
In rougher flotation gold recoveries were 41 — 82 %, silver 42 — 78 %, palladium 65 — 85 % and platinum
53 -68 % (Test 1 will be excluded because of the very high mass pull).
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Figures 120 to 125 show how each of the 25-minute residence time recovery for each metal as they
correlate with each other. No clear correlation is observed for most of the metals suggest different
mineral phases are associated with each metal but cobalt recovery do show a good correlation with
nickel recovery (Figure 125). This is often observed for magmatic Ni sulfide deposits for which both
cobalt and nickel are hosted in pentlandite (Dehaine et al., 2021). Provided that all the nickel is
deported in pentlandite, the ratio between cobalt and nickel recovery can even be used as a proxy to
assess the proportion of the cobalt content of the ore deported in pentlandite, and the proportion

Figure 119. Copper and nickel feed grades vs. recoveries in rougher flotation

deported in other minerals (sulfides, silicates).
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Figure 120. Konttijérvi flotation recovery Nickel vs. Copper
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80%
70% + ® SKF-BAS1
60%
> SKF-TZ2 ®
g 0% T ® SKF-TZ1
> .
§ 40% 1+ ® SKF-MS1
= o000 | @ SKF-Ms2
= 30% ® SKF-BAS2 °
20% T ® SKE-PX1 SKF-PM?2
10% +
SKF-PX2
0% } } } } }
50% 55% 60% 65% 70% 75% 80%
Pd Recovery
Figure 121. Konttijérvi flotation recovery Palladium vs. Nickel
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Figure 122. Konttijérvi flotation recovery Palladium vs. Copper
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Figure 123. Konttijdrvi flotation recovery Palladium vs. Cobalt
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Figure 124. Konttijdrvi flotation recovery Copper vs. Cobalt
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Figure 125. Konttijdrvi flotation recovery Cobalt vs. Nickel

8.3 Palladium recovery flotation data correlations

The most valuable precious metal in the Konttijarvi (metal value in context of metal grade) could be
palladium. Flotation is one method of recovering palladium. This section is the outcome of examining
palladium recovery performance in flotation in a cross correlation matrix with all other characterization
measurements of the feed samples. This work was done in collaboration with John Martin (Hafren
Scientific Group & X-Ray Mineral Services), using the Spotfire software.

A number of relationships have been found. As the number of samples is relatively low, these
conclusions are not considered to be statistically significant, but could be used as a hypothesis in future

experimental design.

87/145
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Figure 126 show a Principle Component Analysis plot of all characterization data of the feed sample
and the average (for all data) palladium recovery at all cell residence times measured, to indicate
elemental associations. On the same plot, the relative positioning of each individual sample.
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Figure 126. Principal Component Analysis of palladium recovery after 20 minutes cell residence time and all other feed
characteristics to indicate elemental associations. Note that due to the small number of samples, these results are only
indicative (Analysis done with Spotfire software by John Martin, Hafren Scientific)

This data was then put in cross correlation matrix to examine possible relationships with palladium
recovery. The relationships found were most stable when comparing the Pd recovery data of 20
minutes cell residence time. Figure 127 and 128 show the correlations with palladium recovery (20
minutes in cell), where the larger squares are the stronger correlations. These squares are also colour
coded in a range from purple for a strong correlation to yellow for a very weak correlation.

Figure 127 shows the statistically balance correlation spectrum with the highest (best) three palladium
recoveries (20 minutes in cell). Figure 128 shows the statistically balance correlation spectrum with
the lowest (worst) three palladium recoveries (20 minutes in cell).
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Figure 127. Tree map of correlation coefficient summary between the highest 3 palladium recoveries after 20 minutes cell
residence time and all other feed characteristics (Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Figure 128. Tree map of correlation coefficient summary between the lowest 3 palladium recoveries after 20 minutes cell
residence time and all other feed characteristics (Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Given what was learned from Figures 127 and 128 several elements were selected and plotted against
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palladium recovery (20 minutes cell residence time).

in BAS-1 and TZ2 samples.
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Figure 129 shows palladium recovery plotted
against ferric oxide (Fe203), nickel (Ni) and molybdenum (Mo). Ferric iron (Fe20s3) and Nickel (Ni) are
good indicators of Pd recovery at 20 mins in most samples. Molybdenum (Mo) is the best predicator
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Figure 129. Palladium recoveries after 20 minutes cell residence time plotted against Fe203, Ni and Mo (Analysis done with
Spotfire software by John Martin, Hafren Scientific)
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Figure 130 shows palladium recovery plotted against biotite, chlorite, and plagioclase. Biotite and
Plagioclase are indicators of Pd at 20 mins cell residence time in most samples. Chlorite is the inverse
of these two minerals.
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Figure 130. Palladium recoveries after 20 minutes cell residence time plotted against biotite, chlorite, and plagioclase
(Analysis done with Spotfire software by John Martin, Hafren Scientific)
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8.4 Copper recovery flotation data correlations

The most valuable base metal in the Konttijarvi (metal value in context of metal grade) could be copper.
Flotation is one method of recovering copper. This section is the outcome of examining copper
recovery performance in flotation in a cross correlation matrix with all other characterization
measurements of the feed samples. This work was done in collaboration with John Martin (Hafren
Scientific Group & X-Ray Mineral Services), using the Spotfire software.

A number of relationships have been found. Again, as the number of samples is relatively low, these
conclusions are not considered to be statistically significant, but could be used as a hypothesis in future
experimental design.

Figure 131 show a Principle Component Analysis plot of all characterization data of the feed sample
and the average (for all data) copper recovery at all cell residence times measured, to indicate
elemental associations. On the same plot, the relative positioning of each individual sample. Copper
(Cu) recovery is strongly associated with Mo, W and Zn.
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Figure 131. Principal Component Analysis of copper recovery after 20 minutes cell residence time and all other feed
characteristics to indicate elemental associations. Note that due to the small number of samples, these results are only
indicative (Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Given what was learned from Figures 131 several elements were selected and plotted against copper
recovery (20 minutes cell residence time). Figure 132 shows copper recovery plotted against Zinc (Zn),
Molybdenum (Mo) and Barium (Ba). The most useful of these relationships could be Mo.
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Figure 132. Copper recoveries after 20 minutes cell residence time plotted against Zinc (Zn), Molybdenum (Mo) and
Barium (Ba) (Analysis done with Spotfire software by John Martin, Hafren Scientific)
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8.5 Cobalt recovery flotation data correlations

Flotation is one method of recovering cobalt. This section is the outcome of examining cobalt recovery
performance in flotation in a cross-correlation matrix with all other characterization measurements of
the feed samples. This work was done in collaboration with John Martin (Hafren Scientific Group & X-
Ray Mineral Services), using the Spotfire software.

A number of relationships have been found. Again, as the number of samples is relatively low, these
conclusions are not considered to be statistically significant, but could be used as a hypothesis in future
experimental design.

Figure 133 show a Principle Component Analysis plot of all characterization data of the feed sample
and the average (for all data) cobalt recovery at all cell residence times measured, to indicate elemental
associations. On the same plot, the relative positioning of each individual sample.
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Figure 133. Principal Component Analysis of cobalt recovery after 20 minutes cell residence time and all other feed
characteristics to indicate elemental associations. Note that due to the small number of samples, these results are only
indicative (Analysis done with Spotfire software by John Martin, Hafren Scientific)
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Given what was learned from Figures 133 several elements were selected and plotted against cobalt
recovery (20 minutes cell residence time). Cobalt recovery is strongly associated with Sulfur (S). Figure
134 shows copper recovery plotted against Sulfur (S) and MnO.

Co_out, S, MnO per sample, time

Data table:
0.21 i
L2 floatationdata - She...
Series by:
019 (Column Names)

i
ol Avg(Co_out)

~ Avg(S)
0.17 ~ Avg(MnO)

0.15
- 88.

0.13
R

TN

011 2
Les... =
>
>
— <
°
009
F55 )
— (=]
%) =5
5 z
= ™
== 0.07
Laa.. 5
o
O\
o
[=2]
006 Z
L33 @
V k22,
0.02
L11...
— o
- 0.00
T P T o T o T = T = T o T o T o T
S S it ol S ol R i
= o . o S o~ - o~
0 13 0 s < X N N
< < = o o o = =
@ o w w w w e L
< v = # & % & &
& & 0 w

sample » time

Figure 134. Cobalt recoveries after 20 minutes cell residence time plotted against Sulfur (S) and MnO
(Analysis done with Spotfire software by John Martin, Hafren Scientific)
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8.6 Characterization of flotation tailings

The tailings of the flotation tests were characterized. Tables 17, 18 and 19 show the results. This data
would be useful in planning tailings management. ICP measurement data for flotation tails is shown in
Appendix F.

Table 17. Characterization of flotation tailings PM2, PX1 and PX2

Sample PM2 PX1 PX2
Product Rougher Final Conc Rougher Final Conc Rougher Final Conc
Units Tails Tails Tails Tails Tails Tails
Label RC1-4 CT2 RC1-4 CT1 RC1-4 CT1
Mass @ | 656.5 1102 928.8 58.5 949.9 37.9
Fraction of feed (%) 66.2 11.1 93.1 5.9 95.4 3.8
sample
Cu (XRF) (%) insample | 0.02 0.01 0.01 0.07 0.00 0.01
Recovery (%) 14.1 0.9 9.4 4.2 16.7 1.7
Ni (XRF) (%) insample | 017 | 0.18 0.11 0.24 0.10 0.11
Recovery (%) 47.4 8.3 70.2 9.9 95.1 4.0
o (%) insample | 002 | 0.18 0.025 0.026 0.020 0.026
Recovery (%) 28.7 51.2 85.2 5.6 94.5 4.9
%) i 14.3 . . . . .
Fe (XRF) (%)insample | 143 | 4.7 83 9.3 9.1 9.5
Recovery (%) 81.3 4.5 90.7 6.4 95.1 4.0
s (Eltra) (%) insample | 040 0.05 0.11 0.61 0.01 0.05
Recovery (%) 54.9 1.2 31.3 10.9 31.4 4.9
%) i 36.1 . . . . .
5102 (XRF) (%)insample | 36.1 | 61.4 48.6 46.3 49.4 48.9
Recovery (%) 56.0 16.0 93.9 5.6 95.5 3.8
%) i 30.0 b . . . d
MgO (XRF) (%) insample | 30.0 30.2 23.6 23.5 20.2 20.4
Recovery (%) 66.5 11.2 93.6 5.9 95.4 3.8
0.03 . . . . .
Au (FA+AAS) (g/t) ........................ 0.02 0.02 0.16 0.23 121
Recovery (%) 17.9 2.0 20.1 10.1 59.3 12.4
0.50 . 5 . . .
. ety | 050 | 0.50 0.60 1.40 0.55 1.82
Recovery (%) 46.5 7.8 54.4 8.0 57.6 7.6
0.37 . . . . .
Pd (FA+AAS) (g/t) ........................ 0.21 0.43 3.43 0.48 2.28
Recovery (%) 19.9 1.9 23.3 11.7 31.8 6.1
0.13 . 5 . . .
Pt (FA+AAS) (g/t) ........................ 0.07 0.18 1.00 0.18 0.69
Recovery (%) 36.1 3.3 32.3 11.3 38.5 5.7
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Table 18. Characterization of flotation tailings MS1, MS2 and TZ1
Sample MS1 MS2 TZ1
Product Rougher | Final Conc Rougher | Final Conc Rougher | Final Conc
Units Tails Tails Tails Tails Tails Tails
Label RC1-4 CT1 RC1-4 CT1 RC1-4 CT1
Mass (g) 941.1 36.6 937.6 42.6 948.8 32.5
Fracz':n:;geed (%) 94.3 3.7 94.7 43 95.2 33
Cu (XRF) (%) in sample 0.02 0.08 0.02 0.12 0.03 0.29
Recovery (%) 12.8 1.9 9.7 3.2 17.4 5.5
Ni (XRF) (%) in sample 0.08 0.16 0.08 0.25 0.05 0.30
Recovery (%) 53.1 4.4 60.4 8.6 45.3 8.9
Co (XRF) (%) in sample 0.031 0.037 0.022 0.027 0.023 0.032
Recovery (%) 85.7 4.0 87.2 4.9 84.9 4.0
Fe (XRF) (%) in sample 8.0 8.9 4.9 5.9 5.6 7.4
Recovery (%) 91.0 3.9 90.7 4.9 90.3 4.1
s (Eltra) (%) in sample 0.17 0.41 0.07 0.52 0.14 1.16
Recovery (%) 31.3 2.9 19.2 6.6 29.9 8.4
$i02 (XRF) (%) in sample 54.1 53.0 52.6 51.5 54.7 52.3
Recovery (%) 95.2 3.6 95.4 4.2 96.1 3.1
MgO (XRF) (%) in sample 14.1 143 9.6 9.8 7.5 7.5
Recovery (%) 95.1 3.7 95.2 4.4 96.2 3.3
Au (FA+AAS) (g/t) 0.06 0.10 0.06 0.31 0.06 0.25
Recovery (%) 51.3 33 28.7 6.7 51.7 7.4
Ag (FA+AAS) (g/t) 0.80 1.60 1.00 3.80 0.70 3.90
Recovery (%) 55.7 4.3 43.1 7.4 52.4 10.0
Pd (FA+AAS) (g/t) 0.55 1.79 0.31 4.58 0.50 4.45
Recovery (%) 34.8 4.4 15.5 10.4 34.0 10.4
R (g/t) 0.18 0.46 0.19 1.13 0.17 0.98
Recovery (%) 45.1 4.5 36.8 9.9 47.1 9.4
Table 19. Characterization of flotation tailings TZ2, BAS1 and BAS2
Sample TZ2 BAS1 BAS2
Product Rougher Final _Conc Rougher Final ponc Rougher Final _Conc
Units Tails Tails Tails Tails Tails Tails
Label RC1-4 CT1 RC1-4 CT1 RC1-4 CT1
Mass (g) 946.1 31.1 936.7 31.7 9355 353
Fracg;’r:;gee‘j (%) 95.4 3.1 94.0 3.2 93.8 35
Cu (XRF) (%) in sample 0.01 0.10 0.02 0.07 0.04 0.38
Recovery (%) 11.5 2.6 10.7 1.5 9.4 3.1
Ni (XRF) (%) in sample 0.04 0.12 0.04 0.16 0.04 0.10
Recovery (%) 41.4 4.5 25.5 3.2 67.7 5.8
Co (XRF) (%) in sample 0.034 0.026 0.023 0.025 0.021 0.024
Recovery (%) 88.5 2.2 75.3 2.8 86.0 3.7
Fe (XRF) (%) in sample 5.4 7.1 3.9 5.1 6.7 7.6
Recovery (%) 88.0 3.8 78.8 3.6 89.1 3.8
s (Eltra) (%) in sample 0.20 0.79 0.17 0.67 0.09 0.68
Recovery (%) 32.7 4.2 19.3 2.6 13.9 4.0
. (%) in sample 52.4 50.3 55.6 53.9 52.3 51.0
Si02 (XRF) Recovery (%) 96.4 3.0 95.8 3.1 95.2 3.5
(%) in sample 9.7 9.7 5.1 5.1 8.5 8.0
MeO (XRF) Recovery (%) 96.5 3.2 96.2 3.2 95.9 3.4
(/1) 0.04 0.11 0.04 0.13 0.03 0.29
A (FA+AAS) Recovery (%) 41.1 3.7 33.1 3.6 25.2 9.2
(g/t) 0.60 2.70 0.46 4.02 0.50 2.36
Ag (FA+AAS) Recovery (%) 47.4 7.0 22.1 6.5 38.8 6.9
(/1) 0.20 1.40 0.44 2.10 0.40 4.38
Pd (FA*AAS) Recovery (%) 17.5 4.0 24.4 3.9 24.4 10.1
(g/t) 0.12 0.46 0.14 0.57 0.11 1.20
P(FAAAS) Recovery (%) 38.5 4.9 40.0 5.5 25.8 10.6
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9 LEACHING

The Konttijarvi Orientation samples were representatively sub-divided after crushing, where one of the
sub-products was assigned for leaching test work. These samples were sent CSIRO in Australia for this
work to be done.

Due to logistical restrictions associated with the COVID-19 pandemic, the samples have been held in
Australian customs. Currently it has been requested that the samples are returned to Finland as soon
as practical.

As such, the data results for the leaching of these samples was not available at the time of the writing
of this report. It recommended that this work is completed, as the fundamental experimental question
for this deposit involves a comparison between flotation recovery and leaching recovery.
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10 SORTING

Some of each Orientation Sample was prepared to be subject to sorting techniques to determine the
potential for this to be used. The samples prepared were too small in mass (only 5kg) and were
selected in a fashion where mineralogy was very simialr internally. While it was possible for the system
to determine the difference between samples, it was decided to source new material. SAP staff
supplied a length of drill core in trays that crosses domains. Mine On-Line Service IMA (BATCircle
partner) measured the core samples while they still were in the core trays, with the core intact, and
returned the sample undamaged to SAP on completion of the study. This section is a description of
that work done, in collaboration with IMA Chairman, llpo Auranen.

Figure 135. IMA Mine On-Line Service Scanmobile drill core analysis laboratory (llpo Auranen IMA)

The IMA Scanmobile Unit used an XRF based sensor suite to examine the metal content in the intact
core. This method reveals and quantifies unrecognized ore recovery and waste rejection potential for
ore sorting. This could be very important, especially in small, marginal orebodies. If waste could be
rejected, less ore is put in the mill, thus reducing operating costs without losing metal content.

Evidence of ore/waste heterogeneity is masked by:

e Common drill core sampling and analysis practices where analysis technology and related costs
is setting limits to sample size/length thus averaging the ore grade on core length (drill chip
clippings for example)

e A general unawareness of heterogeneity present within orebodies which could be exploited to
recover ore from waste or alternately reject waste from ore by ore sorting
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Figure 136. Heterogeneity present within the orebody which can be exploited (llpo Auranen IMA)

The Scanmobile unit did fast scanning analysis of drill cores in short length averages (2- 20cm range)
on the samples on the core still in the core tray. The core trays were put on a roller belt and
sequentially passed under the sensor instrumentation.

The elements in the ore were measured by XRF scanning, and minerals were measured by Digital
Imaging simultaneously. An automatic estimation of RQD-value and veins calculation for rock strength
was also done.

- - R W e | £=a

Length of each XRF
[ ore | analysis 2-20cm

Waste |

Figure 137. scanning analysis of drill cores in short length averages (2-20cm range) (llpo Auranen IMA)

Figure 138. Scanmobile RQD index (red) and carbonates (white) calculation (llpo Auranen IMA)

The instrument package reported data via a proprietary software (Remolog™), which is a web based
logging tool and a remote logging tool. An example of Remolog’s RQD and white mineral calculation is
shown in Figure 138.
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Samples used for this study were taken from drill hole KO-598 (Figure 139). Three drill core holes were
analysed with Scanmobile (SM) dense scanning XRF-analysis system. Elements were analysed is by
scanning XRF-analysis with 20 cm length for each analysis. Decisions made for ore sorting was based
on this 20 cm sample length. Laboratory analysis grades were used for grade calculations.

A Palladium cut-off grade of 0.5ppm was used for the ore sorting. The sample Palladium grades varied

from O ppm to 10.4 ppm.

Figure 139. Samples from drill hole KOJ-598

Waste (as defined as below 0.5 ppm Pd) was identified by the Scanmobile unit (Figure 135). Summing
results, 15% of total core length was “sorted out” as waste. This could represent a 15% reduction
minerals processing tonnage processed by the mill. By ‘removing this low grade material from the
feed, the average ore grade as mill head grade, would increase by 12%.
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Figure 140. Palladium sorting potential measurement on intact drill core KOJ-598 (llpo Auranen IMA)



Geological Survey of Finland BATCircle Project Report 06 102/145

11 DISCUSSIONS

Figure 141 shows the average recovery across all samples for each of the valuable metals.

Average Recovery (all samples)
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Figure 141. Average metal recovery and mass pull, all samples

Flotation is clearly the best primary recovery method. As shown in sample PM2, talc content does not
seem to affect flotation. Flotation is able to concentrate the greatest recovery of methods examined
into a mass of 1-2% of the feed.

Gravity and magnetic separation are able to separate some minerals, but not enough to justify the
process for this purpose alone. The recovery is too low, and the mass pull into the gravity and magnetic
fractions is too high to be of practical use. However, these methods could be used to clean the feed to
the flotation circuit, or they could be used to clean the tailings to mitigate acid mine drainage risk.

As shown in Figures 93 & 94, gravity separation is very effective in deporting sulfur content, with an
average of 85.3% of sulfur (across all samples) reporting to the gravity concentrate, with an average
mass pull of 2% of feed. Gravity separation also concentrated sulfide minerals (pyrrhotite, pyrite,
chalcopyrite and pentlandite), where the gravity concentrate was on average 17.81% sulfide minerals
(Table 3).

Gravity separate concentrate also contains an average of 40.8% of the feed sample carbon (Figures 95
& 96), with samples PM1 and PM2 containing more carbon that other samples.

The gravity separation method was also more effective in the extraction of nickel and cobalt than
flotation for the same ore types. For cobalt, average flotation recovery was 10.2% with an average
mass pull of 1.7%, whereas cobalt recovery in the summed concentrate and middling’s fractions was
45.1% with an average mass pull of 33.8%. Cobalt recovery in just the gravity concentrate product was
16.1% with an average mass pull of 2.0%, which is still more effective than flotation.

For nickel, average flotation recovery was 35.5% with an average mass pull of 1.7%, whereas nickel
recovery in the summed concentrate and middling’s fractions was 45.0% with an average mass pull of
39.5%. Nickel recovery in just the gravity concentrate product was 13.5% with an average mass pull of
2.0%, which is still more effective than flotation.

Magnetic separation had a similar profile but was not as effective as gravity separation.
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Figures 142 to 148 and Tables 20 to 26 show the metal recoveries for all metals of interest.

Palladium Recovery
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Figure 142. Palladium recovery magnetic, gravity and flotation compared

Table 20. Palladium recovery magnetic, gravity and flotation compared

Gravity Recovery Magnetic Recovery Flotation Recovery
PALLADIUM (Conc + Middlings) Mass Pull (1Amp + 4Amp + 6Amp) Mass pull (25 min cell time) Mass Pull

(%) (Wt%) (%) (Wt%) (wt%)
PM1 62.8% 43.7% 46.2% 28.3%
PM2 55.0% 36.3% 49.6% 34.9% 72.6% 2.1%
PX1 44.5% 29.1% 65.0% 1.0%
PX2 37.5% 30.4% 7.6% 9.6% 62.1% 0.8%
MS1 37.9% 34.8% 15.9% 10.6% 60.8% 2.0%
MS2 49.3% 39.6% 11.0% 4.9% 74.0% 1.0%
T21 31.8% 24.7% 26.0% 9.5% 55.6% 1.5%
122 38.8% 35.4% 24.7% 9.6% 78.5% 1.5%
BAS1 42.4% 31.6% 22.2% 8.8% 71.6% 2.8%
BAS2 37.5% 32.7% 65.5% 2.6%
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Figure 143. Platinum recovery magnetic, gravity and flotation compared
Table 21. Platinum recovery magnetic, gravity and flotation compared
Gravity Recovery Magnetic Recovery Flotation Recovery
PLATINUM (Conc + Middlings) Mass Pul (1Amp + 4Amp + 6Amp) Mass Pull (25 min cell time) Mass Pul
(%) (Wt%) (%) (Wt%) (Wt%)
PM1 60.8% 43.7% 40.2% 28.3%
PM2 54.8% 36.3% 58.4% 34.9% 52.9% 2.1%
PX1 39.7% 29.1% 56.4% 1.0%
PX2 37.6% 30.4% 7.0% 9.6% 55.8% 0.8%
MS1 33.0% 34.8% 13.2% 10.6% 50.4% 2.0%
MS2 37.0% 39.6% 7.6% 4.9% 53.3% 1.0%
TZ1 24.3% 24.7% 18.9% 9.5% 43.5% 1.5%
TZ2 31.7% 35.4% 20.4% 9.6% 56.6% 1.5%
BAS1 34.7% 31.6% 17.2% 8.8% 54.5% 2.8%
BAS2 36.5% 32.7% 63.6% 2.6%
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Figure 144. Gold recovery magnetic, gravity and flotation compared

Table 22. Gold recovery magnetic, gravity and flotation compared

100%

Gravity Recover Magnetic Recover Flotation Recover
GOLD (Conc +yMiddIingZ) Mass Pull (lAmpg>+ 4Amp + 6Ar¥1p) Mass Pull (25 min cell time)y Mass Pull
(%) (wt%) (%) (wt%) (%) (wt%)
PM1 65.6% 43.7% 62.4% 28.3%
PM2 64.4% 36.3% 59.1% 34.9% 74.6% 2.1%
PX1 63.0% 29.1% 69.8% 1.0%
PX2 61.8% 30.4% 27.9% 9.6% 28.3% 0.8%
MS1 48.4% 34.8% 21.4% 10.6% 45.3% 2.0%
MS2 57.5% 39.6% 11.2% 4.9% 64.5% 1.0%
TZ1 28.4% 24.7% 28.9% 9.5% 40.9% 1.5%
TZ2 41.7% 35.4% 27.7% 9.6% 55.2% 1.5%
BAS1 51.9% 31.6% 26.0% 8.8% 63.3% 2.8%
BAS2 49.4% 32.7% 65.6% 2.6%
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Silver Recovery
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Figure 145. Silver recovery magnetic, gravity and flotation compared

Table 23. Silver recovery magnetic, gravity and flotation compared

Gravity Recover Magnetic Recover Flotation Recover
SILVER (Conc IMiddIing»s/) Mass Pull (1Ampg>+ 4AmMp + 6Ar¥1p) Mass Pull (25 min cell time)y Mass Pul

(%) (wt2%) (%) (wt3s) (%) (wt3s)
PM1 45.0% 43.7% 37.1% 28.3%
PM2 39.6% 36.3% 39.3% 34.9% 31.3% 2.1%
PX1 29.5% 29.1% 37.7% 1.0%
PX2 36.2% 30.4% 12.8% 9.6% 34.8% 0.8%
MS1 33.9% 34.8% 15.5% 10.6% 40.0% 2.0%
MS2 43.4% 39.6% 13.1% 4.9% 49.5% 1.0%
TZ1 25.9% 24.7% 21.2% 9.5% 37.6% 1.5%
TZ2 32.7% 35.4% 18.6% 9.6% 45.5% 1.5%
BAS1 31.9% 31.6% 19.2% 8.8% 71.4% 2.8%
BAS2 35.8% 32.7% 54.2% 2.6%
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Figure 146. Copper recovery gravity and flotation compared

Table 24. Copper recovery gravity and flotation compared

Gravity Recover Flotation Recover
COPPER (Conc +yMiddIingZ) Mass Pull (25 min cell time)y Mass Pull

(%) (wt%) (%) (wt%)
PM1 85.9% 43.7% 80.5%
PM2 46.9% 36.3% 86.4% 2.1%
PX1 39.4% 29.1% 81.6% 1.0%
PX2 39.7% 30.4% 85.4% 0.8%
MS1 29.0% 34.8% 87.1% 2.0%
MS2 40.9% 39.6% 77.1% 1.0%
TZ1 24.1% 24.7% 85.9% 1.5%
TZ2 22.9% 35.4% 87.9% 1.5%
BAS1 38.5% 31.6% 87.5% 2.8%
BAS2 71.3% 32.7% 2.6%

100%
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Nickel Recovery
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Figure 147. Nickel recovery gravity and flotation compared

Table 25. Nickel recovery gravity and flotation compared

Gravity Recover Mass Flotation Recover
NICKEL (Conc +yMiddIingZ) Pull (25 min cell time)y Mass Pull

(%) (wt%) (%) (wt%)
PM1 84.4% 43.7%
PM2 45.0% 36.3% 27.0% 2.1%
PX1 33.6% 29.1% 19.9% 1.0%
PX2 29.5% 30.4% 1.0% 0.8%
MS1 37.1% 34.8% 42.5% 2.0%
MS2 44.2% 39.6% 31.0% 1.0%
TZ1 32.0% 24.7% 45.8% 1.5%
TZ2 32.5% 35.4% 54.2% 1.5%
BAS1 43.6% 31.6% 71.3% 2.8%
BAS2 68.0% 32.7% 26.5% 2.6%
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Cobalt Recovery
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Figure 148. Cobalt recovery gravity and flotation compared

Table 26. Cobalt recovery gravity and flotation compared

Gravity Recover Flotation Recover
COBALT (Conc +yMiddIingZ) Mass Pull (25 min cell time)y Mass Pull

(%) (wt%) (%) (wt%)
PM1 83.1% 43.7%
PM2 44.8% 36.3% 11.2% 2.1%
PX1 33.7% 29.1% 9.2% 1.0%
PX2 29.9% 30.4% 0.6% 0.8%
MS1 37.5% 34.8% 10.3% 2.0%
MS2 45.3% 39.6% 7.9% 1.0%
TZ1 32.6% 24.7% 11.1% 1.5%
TZ2 31.6% 35.4% 9.3% 1.5%
BAS1 43.1% 31.6% 21.9% 2.8%
BAS2 69.7% 32.7% 10.3% 2.6%
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12 CONCLUSIONS

The following conclusions have been made from this study.
e The characterization methods of XRD, XRF, ICP, Eltra C, Eltra S and MLA all were useful.

e Flotation was the most effective separation process to recover Cu, Pd, Pt, Au and Ag. It was
less effective for Ni and Co.

e Each of these metals had different flotation kinetics. Copper floats relatively quickly compared
to other metals, where different Orientation Samples have slightly different signatures. As the
Konttijarvi deposit is a lens structure with each of the ore types in a known layered form, this
difference could be exploited.

e The gravity separation process recovered some of each of metals of interest, but it was not
effective enough (recovery less than flotation with an associated high mass pull). Gravity
separation was very effective at the recovery of sulfur and was reasonably useful for carbon
recovery.

e Magnetic separation also recovered some of each of the metals of interest but was not effective
enough to be considered further.

e The trial of sorting technology on intact drill core showed that heterogeneity of palladium grade
does exist in this deposit. Using a measurement interval of 2cm and a sorting decision interval
of 20cm, it was theoretically possible to remove 15 % of the core mass as waste, which would
have theoretically resulted in a 12% upgrade in mill feed head grade.

13 FUTURE WORK

More work is required to finish this study. The following tasks are recommended to be done.

e The planned leaching process separation tests should be carried out on the prepared
Orientation Sample sub-samples that are currently being returned to SAP. This would complete
the Geometallurgy campaign Stage 1. For each sample, three leaching tests should be
considered and planned for.

1. Direct cyanide leaching for precious metals Pd, Pt, Au and Ag
2. Cyanide leaching with activated carbon (Carbon in Leach, CIL)
3. Acid leaching for base metals Cu, Ni and Co

e Geometallurgy campaign Stage 2 should then be undertaken. It is recommended that two
process paths be tested, and each process optimized based on what has been learned so far.

1. Flotation Copper(-Au) > Flotation Ni-PGES(-Au-Co) > Flotation for sulfur removal
(Figure 149)

2. Flotation Copper(-Au) > Flotation Ni-PGES(-Au-Co) > Gravity for sulfur/Fe/C removal
(Figure 150)
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Figures 149 shows a proposed flowsheet to test and optimize in future testwork. Copper (and
sometimes gold) have kinetics to float faster than other metals. So, Stage 1 flotation is to be optimized
for Cu-Au recovery (roughing stage followed with a cleaning stage). A Stage 2 of flotation is proposed
to be optimized for Ni-PGES(-Au-Co) recovery, which all have very similar kinetics. A third Stage 3 of
flotation is proposed to be optimized for sulfur extraction, to produce a cleaner final tailings. This
process would have to be optimized for each ore type as they all have slightly different kinetics (PM2
for example has fast kinetics for all metals). The grade recovery data shown is a result of the existing
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testwork, the numbers would be mass balanced to adjust to a new process.
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What is proposed in Figure 150 is a flotation flow sheet the same as Figure 149, but instead of Stage 3
flotation (designed for sulfur cleaning), it is followed with a gravity separation to clean the tailings of
sulfur, Fe and Carbon. The grade recovery data shown is a result of the existing testwork, the numbers
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would be mass balanced to adjust to a new process.
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15 APPENDIX A - BATCIRCLE PROJECT SUMMARY

BATCircle is a project developed and funded by Business Finland (https://www.businessfinland.fi/).
This is a 21 million euro project with 23 consortium partners, and a duration of 24 months. The
BATCircle project has been designed to be based around the concept of a Circular Ecosystem of Battery
Metals in Finland. The concept includes both primary raw materials, downstream refining and recycling
in batteries. Most relevant operators in the existing battery business at all stages of the regional value
chain are involved with this project in some form.

Outotec @) KELIBER
~ NORNICKEL

@Fortum

(CRISOLTEQ

TRACEGROW
DIAN

Research Organizations

'‘BOLIDEN \ 17 A e —
' [I\.T = Regional Stakeholders
-Ibnafame GTK g s L e PORI x%x
BF—project Freeport{gbalt Suhanko Arctic PIatinumOy‘é
: m- Support Group
In-Kind | ] FINNCOBALT
A0y e SITR3a
MAGSORT Huoltovarmuuskeskus
'BOLIDEN @ EEMNF sy msrnoor W Adkokermsors 2o 0y
meA International Stakeholders
@ F?avvl\/lat;er‘@s northvolt.
BIG SME NII&&%VERK

Mari Lundstrom
Pertti Kauranen

Battery companies
Recycling companies

Figure Al. The BATcircle Consortium

Official BATcircle Project website: https://www.batcircle.fi/

15.1 BATcircle Work Package Structure

This project consists of four technical work packages (WP1-WP4), one for business studies (WP5) one
for project management (WP6) and one for European co-operation (WP7).

WP1 — Sustainable Primary Resources

The methods range from screening and efficient use of battery related multi-mineral resources

WP2 — Value Addition in Metals Production

Improved metallurgical processes (pyro, hydro, mechanical) for refining
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WP3 — Recycling of Batteries

Recycling of battery metals as well as synthesis and characterization of advanced precursors.

WP4 — Tailored Precursors and Active Electrode Materials

Active materials for lithium batteries. These technical tasks are supplemented by business studies
aiming at identifying new business opportunities within the battery ecosystem and providing new tools
for structural and electrochemical characterizations.

WP5 — Business Potential

Strengthening the cooperation within the overall ecosystem.

WP6 - Project management

WP7 — Development of the European BATcircle

15.2 Work Package 1 Summary

Work Package 1 (WP1) is managed by GTK. The impact of the WP1 is to quantify the Finnish potential
for development of battery minerals mining. A new way of characterising battery mineral deposits will
be developed (geometallurgy developed fit for purpose in battery mineral systems). Then a theoretical
future Finnish controlled battery ecosystem is to be developed in a series of strategic steps.

The key objectives of Work Package 1 are as follows:

1. Analyze known Finnish battery mineral deposits with special emphasis on cobalt and associated
typically polymetallic deposits

2. Develop a more effective way of characterizing those battery commodities in context of process
response, which leads to a more effective economic characterization. Geometallurgy is the
chosen approach to do this.

3. A strategic development plan for the development of Finnish battery mineral resources in a
complete battery ecosystem
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15.3 Work Package WP1.2 Structure and Deliverables

Table Al. Work Package WP1.2 Objectives

WP Objectives
e Analyse known Finnish battery mineral deposits like with special emphasis on cobalt and associated
polymetallic deposits. Lithium and graphite deposits will be part of the work with smaller weight.

e Develop a more effective way of characterizing cobalt bearing battery commodities in context of process
response, which leads to a more effective economic characterization. Geometallurgy is the chosen approach
to do this. Also cobalt minerals flotation chemical environment is studied and preliminary hydrometallurgical
process model will be built.

e A Strategic development plan for the development of Finnish battery mineral resources in a complete battery

ecosystem.
Table A2. Work Package WP1.2 Deliverables
Deliverables By Month
DI1.1.1. A database analysis of Finnish cobalt, lithium and graphite deposits as well | GTK MI12
as technical and economic profiles about different type of deposits (study report).
D1.2.1. A geometallurgical experimental and analytical procedure for cobalt related | GTK M8

battery minerals that allows for process characterisation domaining on drill core scale
samples to be validated with selected Case studies

D1.2.2. A geometallurgical decision making methodology based on Case study | GTK M20
laboratory validation. This assists in beneficiation process path development of
cobalt bearing battery minerals.

D1.2.3. Floatability model of Co-containing minerals based on bubble-particle | Aalto M20
attachment probability

D.1.2.4. Adjustable Process model Aalto M24
DI1.3.1. A Strategic development plan for the development of Finnish mineral | GTK M24

resources in a complete battery ecosystem

Deliverable D1.2.1 is:

Michaux, S., P. (2020): How to Set Up and Develop a Geometallurgical Program, GTK Open Work File Report,
ISBN 978-952-217-409-3

Deliverable D1.2.2 is the procedure applied to two case studies. This report is part of the SAP case
study, Konttijarvi deposit series.

15.4 Work Package 1 Project consortium

e GTK e Arctic Platinum
e Aalto University e FinnCobalt

e SAP e FMG

e Mawson

15.5 Work Package WP1.2
The title of WP1.2 is:
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WP1.2 Develop a more effective way of characterizing those battery commodities in context
of process response, which leads to a more effective economic characterization

Based on each deposit type geological and mineralogical characteristics and acquired raw material
specification requirements, a concept or protocol for proper geometallurgical study is developed for
each deposit type.

15.6 Suhanko Arctic Platinum Oy

The Konttijarvi deposit is owned by Suhanko Arctic Platinum (SAP). SAP consists of three large project
areas in Northern Finland: Suhanko, Narkaus and Penikat. There are large, untapped deposits of
platinum, palladium and gold (PGE, Au) in the area with significant amounts of copper and nickel as a
by-product. The deposits are located close to the ground surface and their parts extending to the rock
surface continue under a thin ground cover for several kilometers.

SAP Website
https://suhanko.com/indexFl.html

15.7 Konttijarvi deposit (SAP) BATCircle Geometallurgical Case Study

This geometallurgical approach will be applied to two case studies. One of those BATCircle WP1.2 case
studies is the Konttijarvi deposit, owned by Suhanko Arctic Platinum (SAP).

e Economic minerals in order of importance Palladium (2g/t), Pt (0.5g/t), Cu (0.16%), Ni (0.08%),
Au (0.1g/t), Co, Ag, Rhodium

e The platinum group elements (PGE) are the most valuable, palladium (Pd) in particular
e Both leaching and flotation have been considered as process paths

e Sulphide extraction to be considered is both copper (Cu) and nickel (Ni)
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16 APPENDIX B — BATCIRCLE PROJECT WP1.2 SAMPLE LABELLING PROTOCOL

The following labeling protocol was adopted to keep track of what samples were and what has been
done to them.

The owner of the case study deposit

e Suhanko Artic Platinum (SAP)

The name of the case study deposit

e KonttijarviK

Process separation methods

e Characterization (to compare all sub-products to)C
e FlotationF

e Leachingl

e Gravity Separation G

e Magnetic Separation M

e Sample Reserve S

Orientation Sample rock type labels

e Peridotite Marker 1 rock type PM1
e Peridotite Marker 2 rock type PM?2
e Pyroxenite ore 1 rock type PX1

e Pyroxenite ore 2 rock type PX2

e Marginal Series 1 rock type MS1

e Marginal Series 2 rock type MS2

e Transition Zone 1 rock type TZ1

e Transition Zone 1 rock type TZ2

e Basement rock type 1 BAS1

e Basement rock type 2 BAS2
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Sample SK-PM1

Suhanko Artic Platinum SKF-PM1
Konttijarvi deposit
PM1 rock type

Flotation

(5ke)

SKS-PM1 . Gra"itt}’ SGK-PM1
ample ~__ - eparation . .
Reserve Sample (5ke) ~_ _— Sk Gravity Separation

Konttijarvi Orientation
Sample SK-PM1 (30kg)

SKL-PM1 ( Leaching | ~ S'\:aagrr;iit(‘:n SKM-PM1
Leaching (5kg) b

(5kg) Magnetic Separation

[ Characterization ]
(5kg)

SKC-PM1
Characterization

Figure B1. BATCircle Project sample labelling protocol for process separation sub-samples for each Orientation Sample

Deposit Debosit Process Method Orientation
OvSner N:me Characterization Study Rock
Method Type
S K F PM1
Suhanko Artic Konttijarvi Flotation Peridotite Marker 1
Platinum rock type
SKF-PM1

Figure B2. BATCircle Project sample labelling protocol example for sample SK-PM1 to be sent to flotation, SKF-PM1

Deposit Deposit Process I\/!ethpd Orientation
owner Name Characterization Study Rock
Method Type
M P F PAL1
Mawson Palokas Flotation Palokas ore type 1
Minerals
MPF-PAL1

Figure B3. BATCircle Project sample labelling protocol example for sample MP-PAL1 to be sent to flotation, MPF-PAL1

Rod mill griding size distributions in preparation for test work
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17 APPENDIX C—-SAMPLE GRINDING SIZE DISTRIBUTIONS

Table C27. Rod mill griding size distributions in preparation for test work
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Table C28. Rod mill griding size distributions in preparation for test work
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18 APPENDIX D — MAGNETIC SEPARATION DATA

Table D1. Magnetic separation mass balance (Fire Assay)

123/145

Assays Metal Recovery (%)
Ore Type [Product Mass (g) Yield (wt%)
Pd (mg/kg) | Pt (mg/kg) | Au (mg/kg) | Ag (mg/kg) Pd Pt Au Ag
1 Amp 45,5 4.66% 9.82 2.67 0.94 1.70 15.1%| 13.7% 23.0% |11.6%
4 Amp 213.2 21.85% 4.01 1.03 0.32 0.80 28.8%| 24.7% 36.7% |25.5%
PM1 6 Amp 17.08 1.75% 3.98 0.95 0.29 0.00 2.3% 1.8% 2.7% 0.0%
Non-Mag 699.95 71.74% 2.28 0.76 0.10 0.60 53.8%| 59.8% 37.6% |62.9%
Feed* 975.73 100.00% 3.04 0.91 0.19 0.68 100%| 100% 100% 100%
1 Amp 228.88 23.12% 2.25 0.61 0.21 0.90 38.0%| 47.5% 43.6% |(24.3%
4 Amp 63.24 6.39% 1.37 0.33 0.15 1.00 6.4% 7.1% 8.6% 7.4%
PM2 6 Amp 53.61 5.42% 1.33 0.21 0.14 1.20 5.3% 3.8% 6.8% 7.6%
Non-Mag 644.27 65.08% 1.06 0.19 0.07 0.80 50.4%| 41.6% 40.9% |[60.7%
Feed* 990 100.00% 1.37 0.30 0.11 0.86 100%| 100% 100% 100%
1 Amp 11.64 1.18% 1.85 0.39 0.69 0 1.0% 0.7% 5.0% 0.0%
4 Amp 38.14 3.86% 1.92 0.59 0.45 1.00 3.5% 3.5% 10.6% 6.2%
PX2 6 Amp 44.85 4.54% 1.45 0.38 0.44 0.90 3.1% 2.7% 12.2% 6.6%
Non-Mag 894.19 90.43% 2.18 0.66 0.13 0.60 92.4%| 93.0% 72.1% |87.2%
Feed* 988.82 100.00% 2.13 0.64 0.16 0.62 100%| 100% 100% 100%
1 Amp 13.72 1.39% 7.10 1.43 0.71 5.50 6.1% 4.5% 9.7% 5.2%
4 Amp 33.31 3.39% 2.51 0.59 0.20 2.80 5.3% 4.5% 6.6% 6.4%
MS1 6 Amp 57.67 5.86% 1.24 0.32 0.09 1.00 4.5% 4.2% 5.2% 4.0%
Non-Mag 879.22 89.36% 1.52 0.43 0.09 1.40 84.1%| 86.8% 78.6% |84.5%
Feed* 983.92 100.00% 1.61 0.44 0.10 1.48 100%| 100% 100% 100%
1 Amp 11.04 1.11% 8.31 1.65 0.65 11.2 4.0% 3.0% 4.2% 5.4%
4 Amp 16.64 1.68% 7.72 1.22 0.53 10.6 5.6% 3.3% 5.2% 7.7%
MS2 6 Amp 21.43 2.16% 1.54 0.38 0.14 0 1.4% 1.3% 1.8% 0.0%
Non-Mag 944.25 95.06% 2.17 0.60 0.16 2.10 89.0%| 92.4% 88.8% |[86.9%
Feed* 993.36 100.00% 2.32 0.62 0.17 2.30 100%| 100% 100% 100%
1 Amp 13.51 1.38% 4.76 1.12 0.58 7.20 4.4% 4.2% 7.0% 6.2%
4 Amp 22.8 2.33% 9.53 1.25 0.78 5.90 14.8%| 7.9% 15.9% 8.6%
T21 6 Amp 56.31 5.76% 1.80 0.43 0.12 1.80 6.9% 6.7% 6.0% 6.4%
Non-Mag 884.53 90.52% 1.23 0.33 0.09 1.40 74.0%| 81.1% 71.1% |78.8%
Feed* 977.15 100.00% 1.51 0.37 0.11 1.61 100%| 100% 100% 100%
1 Amp 28.37 2.94% 5.26 0.90 0.58 3.70 13.6%| 9.7% 17.0% 8.2%
4 Amp 30.21 3.13% 2.26 0.51 0.16 2.40 6.2% 5.9% 5.0% 5.6%
TZ22 6 Amp 34.33 3.56% 1.57 0.37 0.16 1.80 4.9% 4.8% 5.7% 4.8%
Non-Mag 872.01 90.37% 0.95 0.24 0.08 1.20 75.3%| 79.6% 72.3% |81.4%
Feed* 964.92 100.00% 1.14 0.27 0.10 1.33 100%| 100% 100% 100%
1 Amp 33.11 3.34% 7.89 1.08 0.55 7.50 13.2%| 8.6% 13.6% 8.9%
4 Amp 27.07 2.73% 4.16 0.78 0.32 5.60 5.7% 5.1% 6.4% 5.4%
BAS1 6 Amp 26.94 2.72% 2.43 0.54 0.30 5.10 3.3% 3.5% 6.0% 4.9%
Non-Mag 903.8 91.21% 1.70 0.38 0.11 2.50 77.8%| 82.8% 74.0% |80.8%
Feed* 990.92 100.00% 1.99 0.42 0.14 2.82 100%| 100% 100% 100%

*Back-calculated feed.
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Table D2. Semi-quantitative mineralogy (QXRD) of the magnetic products separation products

(Measurement by X-Ray Mineral Services)
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Table D3. Semi-quantitative mineralogy (QXRD) of the magnetic products separation products

(Measurement by X-Ray Mineral Services)
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Table D4. XRF Trace Elements in the magnetic separation products (Measurement by X-Ray Mineral Services)
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Table D5. ICP measurement data for magnetic separation products (Measurement by X-Ray Mineral Services)
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Table D6. ICP measurement data for magnetic separation products (Measurement by X-Ray Mineral Services)
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Table D7. ICP measurement data for magnetic separation products (Measurement by X-Ray Mineral Services)
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19 APPENDIX E — GRAVITY SEPARATION DATA

Table E1. Gravity separation mass balance (Fire Assay)
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Table E2. Gravity separation mass balance (Fire Assay)
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Table E3. Semi-quantitative mineralogy (QXRD) of the gravity products separation products

(Measurement by X-Ray Mineral Services)
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Table E4. Semi-quantitative mineralogy (QXRD) of the gravity products separation products

(Measurement by X-Ray Mineral Services)
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Table E5. XRF Trace Elements in the gravity separation products (Measurement by X-Ray Mineral Services)
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Table E6. XRF Trace Elements in the gravity separation products (Measurement by X-Ray Mineral Services)
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Parameter |Detection Limitf Method PM1 .PM.1 .PM1 . PM2 .PM2 .PM2 .
Concentrate | Middlings | Reject Tails Concentrate | Middlings [Reject Tail
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) | (mg/kg)
Ag 0.1 306P 3.25 0.37 0.43 1.41 0.37 0.32
As 0.1 306P 57.7 5.39 4.6 24 1.91 1.72
Bi 0.1 306P 1.07 0.46 0.52 1.09 0.4 0.33
Cd 0.1 306P 0.85 0.2 0.19 0.43 0.19 0.14
Ce 0.1 306P 414 5.37 5.85 19.9 6.03 4.75
Dy 0.1 306P 23.1 1.83 1.75 6.19 0.87 0.76
Er 0.05 306P 0.9 0.4 0.38 0.51 0.34 0.28
Eu 0.05 306P 0.18 0.05 <0.05 0.12 0.06 <0.05
Gd 0.05 306P 16.2 2.97 3.6 3.51 1.7 1.32
Hf 0.5 306P 1.18 <0.5 <0.5 0.81 <0.5 <0.5
Ho 0.01 306P 0.66 0.18 0.2 0.2 0.13 0.1
La 0.1 306P 15.6 1.49 1.54 10.1 2.5 1.96
Lu 0.01 306P 0.06 0.05 0.04 0.07 0.06 0.04
Nb 1 306P 56.8 1.55 1.65 42.2 1.7 131
Nd 0.2 306P 227 30.2 32.8 56.6 15.2 11.5
Pr 0.1 306P 43.5 7.43 8.47 9.91 3.9 2.89
Sb 0.2 306P 4.37 0.64 0.82 0.92 <0.2 <0.2
Sm 0.01 306P 1.71 0.46 0.44 1.38 0.54 0.45
Sn 2 306P 52.9 <2 <2 15.6 <2 <2
Ta 0.2 306P 140 1.93 2.68 110 2.77 2.02
Tb 0.01 306P 1.05 0.22 0.22 0.4 0.14 0.11
Th 0.5 306P 151 <0.5 <0.5 1.23 <0.5 <0.5
Tl 0.5 306P <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Tm 0.01 306P 0.11 0.09 0.09 0.13 0.09 0.09
0.2 306P 5.94 0.26 0.32 3.54 <0.2 0.22
Y 0.1 306P 331 2.45 231 3.04 1.97 1.56
Yb 0.1 306P 0.46 0.34 0.32 0.44 0.37 0.3
Al 50 306P 25000 34300 33500 13800 24100 23300
Ba 2 306P 54 4 4 11 <2 3
Be 0.5 306P <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Ca 50 306P 39600 39800 36500 15300 18000 14700
Co 2 306P 602 111 111 578 171 138
Cr 2 306P 869 467 463 514 183 143
Cu 2 306P 6500 1100 956 3930 1460 1040
Fe 50 306P 219000 85500 82700 338000 117000 91100
K 100 306P 1130 <100 124 312 <100 <100
Li 2 306P <2 <2 <2 <2 <2 <2
Mg 50 306P 94500 153000 151000 96900 165000 170000
Mn 306P 1530 1360 1250 1710 1450 1170
Mo 306P 7 <2 31 <2 <2 <2
Na 50 306P 2870 216 152 778 123 113
Ni 2 306P 8350 1320 1360 9070 2490 2020
P 50 306P 126 60 53 103 85 65
Pb 10 306P 388 10 13 53 <10 <10
Rb 2 306P 2 <2 <2 <2 <2 <2
S 50 306P 39000 3790 3440 28800 6860 4140
Sc 1 306P 145 19.2 18.1 8 12.7 12
Sr 1 306P 58.9 11.7 10.6 221 11.6 9.2
Ti 2 306P 4560 760 536 3090 887 558
\Y 2 306P 193 59.7 55.6 270 62.5 44.2
Zn 2 306P 145 82 78 79 76 76
Zr 2 306P 27.6 5 5 17.6 3.2 3.7
S* 0.01 810L 3.91 0.38 0.35 2.87 0.72 0.43
c* 0.05 811L 1.11 1.01 0.95 2.96 2.99 2.28
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Table E8. Gravity separation products chemical assay (4 acid digest)
parameter | Detection [ PX1 PX1 PX1 PX2 PX2 Px2
Limit Concentrate| Middlings |Reject Tails Concentrate| Middlings | Reject Tails
(mg/kg) (mg/kg) (mg/kg) (mgrkg) (mgrkg) (mg/kg)
Ag 0.1 306P 4.87 0.23 0.52 3.96 0.32 0.45
As 0.1 306P 32 0.8 1.29 8.18 0.16 0.21
Bi 0.1 306P 2.25 0.1 0.21 1.06 0.24 0.22
cd 0.1 306P 1.06 0.14 0.19 0.21 <0.1 <0.1
Ce 0.1 306P 26.2 2.65 3.55 25.6 7.8 9.61
Dy 0.1 306P 11.1 0.75 0.88 9.64 1.68 1.75
Er 0.05 306P 0.85 0.46 0.42 1.69 1.16 1.11
Eu 0.05 306P 0.18 0.06 0.06 0.34 0.18 0.17
Gd 0.05 306P 7.02 0.82 1.17 7.19 1.52 1.82
Hf 0.5 306P 1.57 <0.5 0.5 1.07 0.87 0.91
Ho 0.01 306P 0.37 0.15 0.14 0.64 0.35 0.35
La 0.1 306P 10.6 1.01 1.34 10.3 3.24 4.07
Lu 0.01 306P 0.09 0.06 0.06 0.31 0.22 0.2
Nb 1 306P 32 <1 <1 21.8 <1 <1
Nd 0.2 306P 119 4.34 8.43 86.3 7.3 11.1
Pr 0.1 306P 225 0.99 2.01 16.4 1.69 2.71
Sb 0.2 306P 1.22 <0.2 0.22 0.54 <0.2 <0.2
Sm 0.01 306P 1.51 0.49 0.49 2.6 1.17 1.19
Sn 2 306P 5.11 <2 <2 2.34 <2 <2
Ta 0.2 306P 81.4 0.26 1.37 35.5 <0.2 <0.2
Tb 0.01 306P 0.95 0.11 0.12 0.7 0.23 0.24
Th 0.5 306P 2.07 0.53 0.55 3.42 1.78 2.3
Tl 0.5 306P <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Tm 0.01 306P 0.13 0.11 0.1 0.3 0.24 0.22
0.2 306P 5.62 0.26 0.23 3.88 1.1 1.25
Y 0.1 306P 4.44 3.28 2.87 12.3 9.11 8.71
Yb 0.1 306P 0.6 0.45 0.4 1.88 1.4 1.32
Al 50 306P 14500 25700 36600 14800 24100 28300
Ba 2 306P 10 <2 3 5 3 4
Be 0.5 306P <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Ca 50 306P 52800 57900 48600 68800 68400 62600
Co 2 306P 678 88.6 102 96.4 80.3 83.3
Cr 2 306P 897 540 651 738 549 673
Cu 2 306P 15000 754 1050 5040 318 468
Fe 50 306P 164000 73200 81000 98900 64000 73900
K 100 306P 209 139 <100 223 179 200
Li 2 306P <2 <2 4 2 2 3
Mg 50 306P 102000 137000 139000 108000 122000 120000
Mn 2 306P 1720 1260 1330 5810 2190 2160
Mo 2 306P 7.6 <2 3.6 <2 <2 <2
Na 50 306P 575 284 318 549 541 476
Ni 2 306P 9620 1080 1320 939 981 1020
P 50 306P 208 <50 <50 173 <50 <50
Pb 10 306P 61 <10 <10 23 368 <10
Rb 2 306P <2 <2 <2 <2 <2 <2
S 50 306P 64400 2610 2830 4720 98 301
Sc 1 306P 20 24 20.9 34.9 33.9 28.9
Sr 1 306P 12.8 6 6.2 10.5 8.1 7.8
Ti 2 306P 9260 805 604 7420 872 915
v 2 306P 77.8 58.1 72.9 36.9 77.2 85.6
Zn 2 306P 165 67 79 112 95 99
zr 2 306P 48.8 8 8.1 30.8 25.3 25.2
S * 0.01 810L 6.66 0.26 0.29 0.53 0.03 0.05
c* 0.05 811L 0.14 0.08 0.13 0.07 0.06 0.09
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Table E9. Gravity separation products chemical assay (4 acid digest)
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Parameter Detection Method MS1 _MS_1 _MS1 _ MS2 _MS_2 _MSZ _ I
Limit Concentrate| Middlings | Reject Tails Concentrate | Middlings |Reject Tails|
(mglkg) | (mg/kg) | (mglkg) (mglkg) (mglkg) | (mglkg)
Ag 0.1 306P 2.38 0.69 1 8.32 1.35 1.7
As 0.1 306P 36.8 1.03 2.4 13.3 2.61 1.87
Bi 0.1 306P 3.43 0.33 0.41 1.15 0.32 0.25
Cd 0.1 306P 1.13 0.33 0.53 1.48 0.3 0.44
Ce 0.1 306P 20.4 10.8 13.8 19.9 10.8 11.2
Dy 0.1 306P 20.7 2.6 2.59 5.58 0.79 0.9
Er 0.05 306P 1.76 1.44 1.43 0.73 0.43 0.43
Eu 0.05 306P 0.64 0.54 0.61 0.87 0.7 0.66
Gd 0.05 306P 7.48 2.54 3.02 3.36 1.05 13
Hf 0.5 306P 1.38 0.74 0.79 2.16 0.75 0.67
Ho 0.01 306P 0.69 0.49 0.5 0.27 0.13 0.14
La 0.1 306P 8.53 4.37 5.57 9.89 5.33 5.46
Lu 0.01 306P 0.21 0.19 0.18 0.09 0.05 0.05
Nb 1 306P 43.8 1.23 121 51.7 1.66 3
Nd 0.2 306P 120 11.4 14.7 46.1 7.98 10.6
Pr 0.1 306P 13.7 2.29 3.15 8.49 1.96 2.63
Sb 0.2 306P 1.57 <0.2 0.34 0.55 0.34 0.22
Sm 0.01 306P 2.76 2.12 2.47 1.5 0.85 0.85
Sn 2 306P 17.9 <2 4.67 24.4 2.08 3.69
Ta 0.2 306P 99.1 1.04 8.24 119 1.99 4.89
Tb 0.01 306P 0.85 0.39 0.41 0.43 0.12 0.14
Th 0.5 306P 2.07 1.1 1.45 1.81 0.95 1.05
Tl 0.5 306P <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Tm 0.01 306P 0.26 0.24 0.24 0.14 0.1 0.1
0.2 306P 5.84 0.72 0.95 2.44 0.35 0.39
Y 0.1 306P 12.2 115 11.2 4.87 2.96 2.94
Yb 0.1 306P 1.44 1.32 1.29 0.63 0.4 0.4
Al 50 306P 24400 34700 37000 78500 94500 93700
Ba 2 306P 64 105 120 281 430 321
Be 0.5 306P 0.6 <0.5 <0.5 <0.5 0.6 <0.5
Ca 50 306P 60100 70900 66200 55400 44700 44900
Co 306P 512 72.7 80.7 312 50.2 54.9
Cr 306P 979 768 729 531 367 403
Cu 306P 6740 1400 2110 11100 1430 2020
Fe 50 306P 154000 78800 80100 83100 46900 48100
K 100 306P 1610 2770 2830 7910 12300 8380
Li 2 306P 8 18 20 31 48 41
Mg 50 306P 75200 87300 84000 51000 52800 53200
Mn 306P 1920 1710 1700 1010 771 776
Mo 306P 35.7 3.6 11.1 27.2 7.2 14.9
Na 50 306P 3920 7160 7930 19300 26700 26900
Ni 2 306P 11100 1120 1380 7750 1010 1240
P 50 306P 335 118 138 464 110 130
Pb 10 306P 141 <10 15 45 21 26
Rb 2 306P 3 9 8 35 55 38
S 50 306P 62100 5020 5910 33400 2570 3560
Sc 1 306P 42.3 49.7 45.6 18.2 14.1 13.5
Sr 1 306P 60.4 103 119 450 458 454
Ti 2 306P 2640 1840 1710 1070 1110 827
\Y 2 306P 134 147 139 60.4 57.2 52.3
Zn 2 306P 171 97 103 106 72 71
Zr 2 306P 30 16.6 18.5 62.6 12.3 12.5
S* 0.01 810L 6.35 0.51 0.58 3.37 0.25 0.34
Cc* 0.05 811L 0.16 0.08 0.08 0.09 0.07 0.1




Geological Survey of Finland

BATCircle Project Report 06

Table E10. Gravity separation products chemical assay (4 acid digest)
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Parameter Detection Method TZ1 .TZ.1 . TZ1 . TZ2 .TZ.2 . TZ2 .
Limit Concentrate Middlings |Reject Tails Concentrate | Middlings |Reject Tails
(mg/kg) (mg/kg) (mg/kg) (mglkg) (mg/kg) (mg/kg)
Ag 0.1 306P 2.7 1.41 1.14 2.63 0.36 1.13
As 0.1 306P 19.9 1.46 1.28 14.4 0.45 4.92
Bi 0.1 306P 1.44 0.2 0.24 1.2 0.1 0.27
Ccd 0.1 306P 1.51 0.36 0.41 1.19 0.12 0.32
Ce 0.1 306P 26.2 11 10.7 19.1 4.51 9.47
Dy 0.1 306P 18.3 1.48 1.35 2.24 0.47 0.97
Er 0.05 306P 1.06 0.82 0.71 0.66 0.3 0.56
Eu 0.05 306P 0.7 0.67 0.64 0.48 0.23 0.44
Gd 0.05 306P 4.23 1.45 1.46 3.77 0.54 1.18
Hf 0.5 306P 1.66 0.69 0.65 1.48 <0.5 0.6
Ho 0.01 306P 0.39 0.26 0.23 0.28 0.09 0.18
La 0.1 306P 12.3 5.58 5.49 8.5 2.14 4.5
Lu 0.01 306P 0.12 0.11 0.09 0.08 0.03 0.07
Nb 1 306P 121 2.03 3.53 67.4 <1 3.12
Nd 0.2 306P 103 7.88 9.07 33.9 3.25 7.68
Pr 0.1 306P 11.6 1.72 1.92 8.29 0.77 1.86
Sb 0.2 306P 0.24 <0.2 <0.2 0.42 <0.2 <0.2
Sm 0.01 306P 2.42 1.35 1.26 1.54 0.46 0.91
Sn 2 306P 22 <2 5.92 17.8 <2 5.94
Ta 0.2 306P 156 3.26 5.44 169 0.95 6.23
Tb 0.01 306P 0.68 0.22 0.2 0.34 0.07 0.14
Th 0.5 306P 2.62 1 1.12 1.96 <0.5 0.93
Tl 0.5 306P <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Tm 0.01 306P 0.17 0.16 0.14 0.13 0.09 0.12
0.2 306P 5.96 0.45 0.5 4.17 <0.2 0.38
Y 0.1 306P 6.85 6.27 5.4 4.5 2.06 3.99
Yb 0.1 306P 0.81 0.79 0.68 0.58 0.29 0.52
Al 50 306P 53400 81800 87500 45100 43000 83300
Ba 2 306P 114 225 251 91 121 200
Be 0.5 306P <0.5 0.7 0.6 <0.5 <0.5 <0.5
Ca 50 306P 52700 62800 57400 49100 32200 57800
Co 306P 860 61.3 59.5 868 25.1 67.4
Cr 306P 895 299 353 1160 221 581
Cu 306P 9700 1950 2280 9590 543 1630
Fe 50 306P 170000 58600 55500 208000 28400 57700
K 100 306P 2820 4780 5180 2810 3810 5910
Li 2 306P 13 20 23 11 15 29
Mg 50 306P 42500 46100 42100 48600 29500 56800
Mn 306P 1540 1000 899 1050 469 906
Mo 306P 86.6 9.6 194 83.2 5.4 19.2
Na 50 306P 11500 21400 23400 8750 9150 17300
Ni 2 306P 19300 1110 1190 14300 336 982
P 50 306P 148 101 106 327 <50 119
Pb 10 306P 56 20 17 81 <10 28
Rb 2 306P 6 10 13 9 14 25
S 50 306P 83900 6840 5700 92100 3130 6330
Sc 1 306P 24.6 25.7 211 233 13 231
Sr 1 306P 298 494 517 239 249 466
Ti 2 306P 1590 1430 1300 1670 727 1240
\Y 2 306P 91.2 92.2 79.6 80.2 453 83.8
Zn 2 306P 163 68 66 108 37 82
Zr 2 306P 27.9 10.9 11.2 36.1 4.7 9.7
S* 0.01 810L 9.21 0.7 0.56 11.6 0.65 0.61
c* 0.05 811L 0.09 0.08 <0.05 0.06 0.05 0.07
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Table E11. Gravity separation products chemical assay (4 acid digest)
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Parameter Detection Method BAS1 BA$1 .BAS1 . BAS2 BASZ .BASZ .
Limit Concentrate| Middlings | Reject Tails Concentrate Middlings | Reject Tails
(mg/kg) (mgrkg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Ag 0.1 306P 6.56 2.13 1.88 0.79 451 1.15
As 0.1 306P 48.5 1.69 2.11 13 24.4 2.64
Bi 0.1 306P 1.07 0.19 0.14 0.31 1.55 0.36
Cd 0.1 306P 8.23 1.52 1.39 0.26 1.45 0.33
Ce 0.1 306P 27.1 15.6 15.1 7.42 12.2 8.35
Dy 0.1 306P 3.2 0.68 0.67 1.7 11.1 1.64
Er 0.05 306P 0.63 0.33 0.33 1.01 1.44 0.89
Eu 0.05 306P 0.85 0.7 0.71 0.66 0.67 0.65
Gd 0.05 306P 4.17 1.18 1.06 1.47 4.98 1.81
Hf 0.5 306P 1.31 0.54 0.6 <0.5 0.95 0.62
Ho 0.01 306P 0.28 0.11 0.1 0.32 0.52 0.29
La 0.1 306P 12.8 7.82 7.62 3.75 5.16 4.12
Lu 0.01 306P 0.07 0.04 0.04 0.14 0.19 0.12
Nb 1 306P 90.9 3.2 1.61 141 46.8 1.63
Nd 0.2 306P 42.5 11 10 6.71 76.9 10.1
Pr 0.1 306P 9.87 2.82 2.57 1.36 12.3 2.28
Sb 0.2 306P 2.51 0.31 0.26 0.22 1.14 0.39
Sm 0.01 306P 1.78 1.05 1 1.12 1.55 1.14
Sn 2 306P 25.3 3.9 <2 <2 26.8 3.47
Ta 0.2 306P 185 5.04 3.27 1.86 102 2.69
Tb 0.01 306P 0.33 0.11 0.11 0.24 0.72 0.24
Th 0.5 306P 1.62 0.89 0.79 0.57 0.93 0.74
Tl 0.5 306P <0.5 <0.5 0.55 <0.5 <0.5 <0.5
Tm 0.01 306P 0.12 0.09 0.09 0.19 0.23 0.17
0.2 306P 10.3 0.32 0.39 0.22 3.52 0.29
Y 0.1 306P 4.24 2.3 2.26 7.65 9.91 6.55
Yb 0.1 306P 0.54 0.3 0.3 0.98 1.27 0.84
Al 50 306P 75700 105000 104000 80600 56300 86900
Ba 2 306P 278 435 562 211 92 179
Be 0.5 306P <0.5 0.5 0.5 <0.5 0.5 <0.5
Ca 50 306P 33500 35700 34900 57700 59000 51300
Co 306P 858 68.1 70.7 43.9 257 515
Cr 306P 492 300 270 411 710 471
Cu 306P 5400 1580 1340 3670 27000 4990
Fe 50 306P 133000 43000 48800 68300 133000 68900
K 100 306P 7850 11500 16400 4890 2660 3900
Li 2 306P 20 39 57 30 24 27
Mg 50 306P 23600 27700 30200 50500 53100 49600
Mn 306P 752 546 592 1320 2040 1150
Mo 306P 47.1 21.8 10.6 6 42.9 19.4
Na 50 306P 26000 38500 36200 23300 13000 24900
Ni 2 306P 16800 1520 1460 517 3080 668
P 50 306P 257 158 141 62 150 80
Pb 10 306P 380 93 88 11 84 19
Rb 2 306P 31 47 68 19 6 16
S 50 306P 69700 7040 8890 5000 49400 6640
Sc 1 306P 8.5 6.8 7.5 28.9 35 23.5
Sr 1 306P 494 636 608 356 192 383
Ti 2 306P 1150 917 1240 2140 5630 1770
\ 2 306P 36.5 351 42.7 145 175 125
Zn 2 306P 1480 349 367 88 226 98
Zr 2 306P 27.6 9.6 7.4 5.7 16.3 5.8
S* 0.01 810L 8.84 0.67 0.96 0.5 493 0.66
c* 0.05 811L 0.12 0.06 0.05 <0.05 0.11 <0.05
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Table E12. ICP measurement data for gravity separation products (Measurement by X-Ray Mineral Services)
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Table E13. ICP measurement data for gravity separation products (Measurement by X-Ray Mineral Services)
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Table E14. ICP measurement data for gravity separation products (Measurement by X-Ray Mineral Services)
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Table E15. ICP measurement data for gravity separation products (Measurement by X-Ray Mineral Services)

BAS2
Oxide/ Element Feed Sample Concentrate Middlings Reject Tails
Al203 % 16.3 11.3 15.4 17.0
Sio2 % 51.8 45.6 52.4 50.8
TiO2 % 0.3 0.9 0.3 0.3
Fe203 % 9.6 17.4 9.8 9.8
MnO % 0.2 0.3 0.2 0.2
MgO % 7.8 8.8 8.1 8.1
CaO % 7.5 8.0 7.7 6.9
Na20 % 3.1 1.7 29 3.2
K20 % 0.5 0.3 0.6 0.5
P205 % 0.0 0.0 0.0 0.0
Cl % na na na na
S ppm 448 2318 250 325
As ppm na na na na
Ba ppm 268 116 237 210
Ce ppm 8 14 8 9
Co ppm 44 181 49 53
Cr ppm 435 803 509 600
Cs ppm 1 1 1 1
Cu ppm 2298 9147 1761 2662
Ga ppm 19 16 18 19
Ge ppm na na na na
Hf ppm 0 1 1 1
La ppm 4 8 4 5
Mo ppm 0 35 6 22
Nb ppm 1 49 3 2
Nd ppm 4 81 7 10
Ni ppm 519 573 444 577
Pb ppm 5 36 7 10
Rb ppm 19 10 24 19
Sb ppm na na na na
Se ppm na na na na
Sn ppm 1 200 5 7
Sr ppm 367 179 327 357
Th ppm 1 1 1 1
U ppm 0 4 0 0
\Y ppm 123 169 135 117
Y ppm 7 9 7 6
Zn ppm 105 240 100 109
Zr ppm 15 39 17 18
Note:

Some of the major elements totals are less than 100% because sulphur in the samples may be lost in part
during fusion for ICP analysis and is therefore not measured
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20 APPENDIX F - FLOTATION SEPARATION DATA

Table F1. ICP Measurement data of flotation feed and tailing samples (Measurement by X-Ray Mineral Services)
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Table F2. ICP Measurement data of flotation feed and tailing samples (Measurement by X-Ray Mineral Services)

painsesw Jou al0jaiay) SI pue siskjeue 49| Jo} uoisny Bulnp Led ul1so| q Aew sajdwes ayj ul inydins asneossq %,00] UBY) SSo| a.e S|ejo) Sjuswale Jofew ay) JOo sWos

180N
vl Gl vz €2 8l 6l Ll ve wdd 1z
8. sol Gze 2514 ele 69 9g G. wdd uz
S i 0 € 0 14 9 9 wdd A
LLL €zl 6¢ 1€ 8. ¥8 G8 G8 wdd A
0 0 0 0 0 0 0 0 wdd n
€ L € b z b Z b wdd uL
8G9 19¢ ovlLL €29 GG8 v8Y G/8 89% wdd s
0 L 0 0 0 0 0 b wdd us
eu eu eu eu eu eu eu eu wdd EIS
eu eu eu eu eu eu eu eu wdd as
2z 6l 29 LS €e 8z 9l €l wdd ay
6 S LS ze 6 9 €l 6 wdd ad
L€ 615 99¢ 868 99z 185 Gl €18 wdd IN
90l 14 6. L 6. 14 89 S wdd PN
0 L 0 L 0 L 0 I wdd aN
€ 0 z L 4 L Zz 0 wdd o
0 12 S 8 6 ¥ vl S wdd e
eu 0 eu L eu 0 eu L wdd IH
eu eu eu eu eu eu eu eu wdd 29
ford 6l 2z 74 ] Ll ¥4 6l wdd €9
9/¢ 8622 88 696 18 988 (0] 652l wdd no
0 L 0 4 0 L 0 I wdd SO
8¢ Gev ove 622 €65 665 Lee gle wdd 1
87 4% Le W 62 g 54 le wdd o)
0 8 €C Gl T4 8 0 oL wdd o)
S92 892 29, 16V Lee g9z Gl€ 892 wdd eq
eu eu eu eu eu eu eu eu wdd sy
66 144 €2 L9 20€ S0S 0€2 vy wdd S
eu eu eu eu eu eu eu eu % 1D
00 00 00 00 00 00 00 00 % sozd
70 g0 z gl 90 80 g0 90 % o
e L'e A 0§ 12 (o4 6¢C 6C % OzZeN
7’8 gL 09 €g 96 98 €6 G'8 % oeod
80l 8L G 9Y 6Cl 1'6 vol 69 % obn
Al A 10 L0 1’0 1’0 1’0 10 % Oun
g6 96 'S v'9 Ll (] 18 6L % €0zod
€0 €0 z0 z0 z0 z0 Z0 z0 % 2oL
9'lg 8'1G 7 LGS €05 8'LG 625 S¥S % Zo1s
8'Gl €9l 102 502 7ol L9l 96l 09l % er4\
siiel/gysa]  ojdweg paag | [sjiel//3sal o|dweg paad| [siiel/91se) o|dweg paag siiel/G3se]  a|dweg pasg JusWa[3g /APIXQ

csvd

Isva

¢Z1

1Z1




