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Scandium .....the forgotten REE
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Scandium what is all the fuss about?

* Current interest in scandium (Sc) is
driven by:

 Strong but weldable, and light (estimated
15% - 20% lighter) Al-Sc alloys in the
aerospace industries.

e Solid Fuel Cells

How Does the Bloom Energy Server Fuel Cell Work?

Fuel Passes Over the Anode Oxygen lons React with Fuel in Fuel Cell Reaction Produces Electricity
anode o -
- — — &= e=em 1

Air Passes Over the Cathode

Bloom Energy founder, president and CEO K.R. Sridhar is applauded as he raises the
gavel after ringing a ceremonial bell on the New York Stock Exchange (25 July, 2018)
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Glenover Complex

The apatite breccia has no Sc in the major
rock forming minerals: apatite, magnetite
and clay.

Much greater proportion of Sc in the
following minerals albeit in trace amounts:

Zr oxides / silicates 7400 ppm
Aeschinite 700 ppm
Columbite -Fe oxides 5300 ppm
Pyrochlore 3100 ppm
Rutile 600 ppm
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Literature Review....

* Review of carbonatites, REE and Sc content using GEOROC, CARBONATITE databases.
* Many localities of alkaline silicate rocks and carbonatites lack Sc analyses.

* GeoRoc (http://georoc.mpch-mainz.gwdg.de/georoc) igneous geochemical database was searched
for anomalously high (>100 <500 ppm) Sc values.

* Almost all of the 116 analyses returned were found to be the result of errors in transferring data from
the original published papers to the database!

* A single carbonatite sample from Pakkanadu, India revealed a Sc content of 237 ppm.

» Searching the CARBONATITE database located 743 analyses that included Sc and a mean
concentration in these of just 15 ppm. The highest values were again a sample from Pakkandu (265
ppm) and a sample from Bayan Obo, China (111 ppm).

* To compare .....6000 individual samples of basalt from the North Atlantic Igneous Province had a
maximum Sc content of 94 ppm!
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Scandium minerals rare and uncommon
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e Scandium is included with the REE
but is hardly ever found in REE
minerals.

* Over 400 minerals contain
Scandium.

* So Sc is VERY compatible.

* Primary pegmatite mineral
concentrates including davidite,
tantalite, columbite, samarskite,
ixiolite, rutile, Ti-aeschynite all
contain significant Sc (>7000ppm).

e Extra-terrestrial.
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e Atomic weight 44.95555910

* Melting point 1541 °C

* Density 3.0g/cm?3

e Oxide Sc203

* Itis the 35th most common element in the Periodic

Table with a crustal abundance of 16 - 22 ppm,
comparable to Pb.

* According to the International Union of Pure and
Applied Chemistry, Sc is a member of the 17 strong rare
earth element (REE) family. However, most reviews of
REE geochemistry start by mentioning this fact, but then
promptly exclude Sc from further consideration
(Chakhmouradian and Wall, 2012).

www.gly.uga.edu/railsback/PT.html

Hﬂgch
/A\Ik Carb



Scandium .....as an REE

* The smaller size of the Sc3*

. . . . 1'4 I 2+
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Bayan Obo — REE Deposit

(plates from Williams-Jonesand Vasyukova,
2018, Chao et al,, 15997)
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Bayan Obo

Is Cracking Possible? China says yes!

1. Roast with Sodium Hydroxide

2. Leaching with HCI (100 °C) or
H,S0O, (300 °C) at elevate
temperature (Li, et al., 2013)

Aegerine appears variable in Sc
content:

* 155 ppm in aegerine of ‘banded
ores FZhao, et al., 2016)

* 165 ppm in aegerine of magnetite
ores

I = HiTech AlkCarb

*Aegerine appears
most favorable
because of higher Sc
content....but is it
the best?

*Plans to produce
20t/a
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....... Kivienemi, Finland

* Contains 14.3Mt at 154 ppm Sc.

* Most scandium occurs in a fayalitic ferro-
diorite.

* Mineralogy not well constrained but
appears to be Fe-rich silicates including
pyroxene (59%) and amphibole (40%).
Are we dealing with hedenbergite,
riebeckite?

* Propose magnetic separation, HF + HCI
crack, metal chelation recovery.

 NOT alkaline silicate or carbonatite
related.

I Porphyritic granite Bl Fayalite ferrodiorite @ Dril hole collar (GTK)
@ Oorite B Leucocralic diorite O Oucrop @ Oucrop ewte
B Gabbro 4t Age dating '
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Scandium .....the laterite question

* Currently four Sc projects on mafic/ultramafic rocks (eastern Australia ) are undergoing feasibility and
related studies.

* Scandium was hosted originally in clinopyroxene and then released and adsorbed onto iron oxides
during the weathering process.

* Syerston—Flemington is a Co+Ni+Sc deposit, which contains about 1350 t of Sc at an average
concentration of 434 ppm Sc. Deposit formation requires a high concentration of Sc in clinopyroxenes,
which are then weathered (Chasse et al., 2016)

» Seasonal precipitation of goethite allows the adsorption of Sc3+ onto goethite and then during dry
periods, the goethite recrystallizes to hematite, incorporating part of the adsorbed Sc in its crystal
structure

* Concentration of Sc in lateritic deposits requires a combination of three circumstances:
* (1) anomalously high Sc concentration in the parent rock,
* (2) long time scales of alteration in stable tectonic environment and

* (3) lateritic conditions during weathering, allowing the trapping of Sc by Fe oxides.

* The Nyngan deposit has grades up to 409 ppm in parts of the resource and is a stand alone Sc laterite
deposit.
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Laterites.....REE......Zandkopsdri
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Laterites.....Karingarab
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Laterites....Karingarab

REE project on a carbonatite in Namibia.

Over 5 000 samples of drill core and RC chips were
analysed ICP-MS during the last 2 years for their REE
content.

Analyses included REE, P, Zr, Fe, Mn and Th but not Sc.
QA/QC failure on a subset saw re-analysis of
approximately 1500 samples using borate fusion rather
than sodium peroxide fusion.

These analyses importantly ALSO included Sc in the
results and significant intersections of > 250 ppm Sc
were noted. (best intersection 330ppm Sc over 27m)
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Similar styles.....Crater Lake and Glenover
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Crater Lake Sample Results (News Release: Imperial Mining, 2018-10-30)

3000
2500 =

2000
s
Q.
o

= 1500
o
~
-/
v

1000

fal
()
500
g am “
’ 4 =
e
0
0 10000 20000 30000 40000 50000 60000 70000 80000 90000
TREO + Y (PPM)
_ Hijech
HiTech AlkCarb 4\ fAijec
/. lk Carb




3000

2500

2000

1500

SC205 (PPM)

1000

500

, @

0

HiTech AlkCarb

10000

Crater Lake Rock Sample Results (News Release: Imperial Mining, 2018-10-30)
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* Scandium occurs in significant quantities in some alkaline silicate rocks and carbonatites

Scandlum does not appear to be associated with other REE due to its cationic radius and
therefore it’s ‘compatibility’
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Scandium appears to be preferentially enriched in early pyroxenitic rocks, and is contained in
alkali clinopyroxene such as aegerine, or amphibole such as riebeckite
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4 In the secondary weathering environment scandium becomes enriched through lateritic
weathering.

A crucial lack of mineralogical and chemical data in the literature is apparent and should be
addressed urgently for Europe to |dent|fy potential sources of scandlum in the region
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