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Rare Earth Elements (REEs)

Until the late 1990s the REEs were familiar only to a relatively
small humber of people such as chemists, some geolo-
gists and specialized materials and technology engi- |
neers. Since then they have gained considerable visi- |
bility because of the critical specialized properties |
that REEs contribute to components in modern day (][] B e Mol el [eo) N[
\
\
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technology, and the near monopoly on the production
and supply by China.

As a result, several countries have classified them as
‘Critical Minerals’ which mean they are, amongst oth-

ers, "considered essential for the economy, but their I [v]] || I[<]| || ‘ R — B 52 Y (I A
— LB < R AR

supply may be at risk due to geological scarcity, geo-
political issues and trade policy.” This reliance on one
source (i.e., China) has been one major point of con-
tention in the current trade dispute between the
USA and China. In 2018 the USA imported over 80%
of its total demand from China.

REEs are a series of 15 elements with atomic number (*AN")
ranging from 57 to 71, which are referred to as the lanthanide
series on the periodic table. Lanthanum (La), cerium (Ce), praseo-
dymium (Pr), neodymium (Nd), promethium (Pm), Samarium (Sm),
europium (Eu), and gadolinium (6d) are referred to as light REEs
("LREEs"); terbium (Tb), dysprosium (Dy), holmium (Ho), erbium
(Er), thulium (Tm), ytterbium (yb), and lutetium (Lu) are referred
to as heavy REEs (HREEs). Scandium (Sc) and yttrium (Y), re-
spectively with AN 21 and 39, are considered REEs because they
have similar chemical and physical characteristics and tend to
occur in the same ore deposits. However, they have different
electronic and magnetic properties.

The importance of REEs in the modern day is that approximately
half of advanced technologies are reliant on them in some form
— from fighter jets, catalytic convertors, fibre optic cables to
electric motors. Traditional uses have been in ceramics, glass,
and polishing. LREEs are an indispensable component in the per-
manent magnet sector and substitutes do not exist. If current
growth in demand from certain sectors (e.g., electric vehicles
("EV"), wind turbines) is maintained some analysts believe there
will be a deficit in supply within the next ten years.

The name REE is misleading as the elements are not rare - ex-
cept for promethium, all are on average more abundant than
silver, gold, or platinum in the Earth's crust. They are “rare”
because deposits concentrated to a commercially viable extrac-
tion level are unusual. As for “earth” this ferm was used based on
its original definition in comparison with lime or magnesia -
‘materials that could not be changed further by sources of heat'.

The first REE, yttrium, was discovered in 1787 in Sweden. How-
ever, due to their similar chemical properties it took another 130
years before laboratory techniques were sufficiently sensitive
for scientists to be able to finally distinguish the rest.
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Geological Deposition

Enriched deposits of REEs are found primarily in four geological environ-
ments.

(i) Carbonatites - These are igneous rocks derived from carbonate rich
magmas where >50% of the rock comprises carbonate minerals such
as calcite and dolomite. As the magma crystallizes REEs become
concentrated in either the primary phases of mineralization or in
late-stage magma or fluids. Large concentrations of LREEs are asso-
ciated with late stage activity. Many of the world's REE deposits are
associated with carbonatites, e.g., Bayan Obo, Inner Mongolia, Chi-
na, and Mountain Pass, California, USA. Mountain Pass was the main
global source of REEs until China developed its REE industry. Re-
ported grades at Bayan Obo and Mountain Pass are respectively 6%
and 7.98% total rare earth oxide (REQO) in weight percentage.

(ii) Alkaline Igneous Systems - REEs have a strong association with
peralkaline magmatism, an uncommon kind of magmatism that occurs
in tectonic settings near to subduction zones or where there is rift-
ing. These magmas are defined as where the proportion of aluminum
oxide is less than sodium oxide and potassium oxide combined. The
only active mine in this geological environment is at Lovozero in
northern Russia, close o Finland.
(i) Ion-absorption Clay Deposits (IOA) - These are the world's primary
source of HREEs and are found in provinces of Jiangxi, Hunan, Fu-
jian, Guangdong, and Guangxi in southern China. They form in tropi-
cal regions with moderate to high rainfall where weathering has
destroyed the primary rock mineralogy. The resulting profile con-
sists of kaolinite (clay), quartz, and iron oxides. In areas where the
granite bedrock contains soluble REE minerals, the REE can be re-
mobilized into the kaolinite surfaces enriching the minerals up to
five times relative to the source rock. To be classed as an IOA de-
posit 50% of the REE must be ion exchangeable (ie soluble). Concen-
trations of REEs range from 300ppm to 2,000ppm.

(iv) Monazite Bearing Placer Deposits - these were an important source
up to the mid-1960s, but they decreased in prominence owing to the
discovery of Mountain Pass. Monazite is recovered as a by product
of ilmenite (FeTiOs) and rutile (TiO;) beach sands. The only active

mine is located of f the east coast of Brazil, at Buena Norte.

The minerals which contain REEs are numerous (over 200), diverse and
often complex in composition. The principal economic REE minerals are
basthaesite ((REE)(COs)F), xenotime (YPO4), monazite ((REE, Th)PO,), and
loparite ((Na,Ce,La,Ca,Sr)(Ti,Nb)Os).

REE ores often contain radioactive uranium and thorium minerals. There-
fore mining, refining and recycling of REEs have serious environmental
consequences if not properly managed. Because of this, extraction of
monazite from placer deposits has essentially been banned. In contrast
the bastnaesite ore from carbonatites and those from IOA deposits are
low in radioactive minerals.

REE ores within carbonatite bodies are extracted using conventional
open pit mining. Due to the low concentration of REEs, these represent
big earth movement operations. In contrast extraction from IOA ores to
produce concentrate can be achieved using dilute electrolyte solutions at
ambient temperatures. The low energy requirements result in low grade
ores being economically viable for REE extraction.

Supply and Processing of REO

REE statistics are usually reported as REO equivalent and by far China
has the biggest mine production. Over the last 20 years global produc-
tion has risen from around 70kt to an estimated 210kt. In 2019 China
produced an estimated 132kt REO equivalent or 63% of total global sup-
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ply, followed by USA (26kt), Burma (22kt) and Australia (21kt).

To reduce dependence on China other developed economies, have initiat-
ed exploration programmes and teamed up to identify new REE resources
and prove reserves. USGS (2019) estimates that there are
120Mt of proven reserves worldwide with 44Mt in China fol-
lowed by Brazil and Vietham (22Mt each). Countries are also
researching into recycling of REE based products.

Significantly the Chinese REE industry has vertically integrat-
ed and dominates the processing and supply of downstream
REE products. The vast majority of processed REE concen-
trate globally is monopolized by six Chinese state-owned en-
terprises.

REE is normally supplied to end users as concentrate or as
compounds. Oxides of cerium, lanthanum and neodymium form
the majority of REE demand, accounting for 80%. These are
LREEs and China has approximately 90% of global supply.

REE Market

Given their similar chemical nature, many different REEs have
related or complimentary uses, thus it is more convenient to
describe their uses by application rather than by individual
element. In general, the LREEs are cheaper and can be pro-
duced in greater quantities and are more extensively used
than HREEs.

The uses, applications, and demand for REEs have expanded over the
years. The largest and most important REE market is for use in perma-
nent maghets (29% in 2020). For example, in a modern vehicle, there are
200 permanent magnets used for various functions and these collectively
require approximately 500g REEs of which 70% would be neodymium.
Neodymium is essential for a high-tech device to function effectively.

Catalysts (21%) are another major use of REEs - lanthanum-based cata-
lysts are used in petroleum refining; and cerium-based catalysts are used
in catalytic converters to break down heavy hydrocarbon molecules into
smaller molecules and to reduce automotive carbon monoxide emissions.

The glass industry (13%) is also a leading consumer of REE raw materials
principally for the purposes of glass polishing, and as additives to provide
colour and special optical properties to glass. Cerium oxide is used in the
production of glass types which require a precision polish whilst lantha-
num greatly increases the refractive index of glass.

By 2028 the forecast distribution of REEs made by Roskill (2020) is
glass (32%), magnets (21%), Catalysts (17%). Magnets will account for an
estimated 68% of end value. EV, wind turbines, fighter planes, ships and
submarines are major consumers. A standard motor of an EV consumes
~bkg of REE based magnetic materials, a fighter jet 400kg and a subma-
rine 4,500kg.

Prices vary considerably depending on the REO. Taking cerium and lan-
thanum oxide (99.9% purity) as example, the average 2019 price accord-
ing to the USGS was US$2/kg, while terbium oxide was US$510/kg.

Written by
[IM
IIM
The @ anadian :ﬂusﬁfutp
. Metallurgy any ¥
N & >3 et
P ’}K‘“ rn["l(,z

by the anthority of the Couneil
has elected

Rockhound Ltd.
a Member of the Institute with all Prisileges
of such affiliation

Attested to at the Head Office of the Institute
by the signature affixed

sarnzn \B’“QJ‘

Date elected

Exeentive Birector

www.rockhoundasia.com

Fertilizer, Pigments,
iclear, Medical Tracers

REE applicat ions
Source: Eurare.eu

Technical Reviewed by

Commercial Reviewed by
FGS - Fellow of the Geological Society (UK)

FIQ- Fellow of the Institute of Quarrying (UK)
MCIC - Member of the Chemical Institute of Canada

ROCKHOUND NEWSLETTER

wtcE November 2020

22 HENE) o FEAERFEE L A SR EL -

B OB TR E TR SO EE T T E AL
FOFLHE - PRGBS BEIM T RE RS N 52 b BB A (SR -

i T DU IR &P 0
TEHHG RSP -3l RIS
SEYIEM T IC R T KHYRED
77 15 809 i LR EHE 1 -1
TR G PR ERERY 90%

s

ENHAAH P ERME - 575
ARIAHG TR E AR A
YA - Rt A
e BB TR A AR B
FE - i ML ER L
HH > AILUREARE - (HHE
[ -

A > EME T HIEFRIRR K
AR © B AR E R
i35 Rook ERS(F] 2020 -5 29%) - B S (L E EAIASRAAY
—/NEE oy (BRI SRR R E SUEITI S Rl
HY o Gl - EFAEET > A 200 fEA R STEDREIKERS - 5
LERiRa IR 224y 500 e 1T - Horf 7096 Kydle -

EAERI(21%0)EM LRI S — L EZA R - EREMEAR R
AR LA A R L L RSAY SRR LA - DURFEEE RS To
f Rl NN oY T R — SR -

BB T SR(13%) g th L IR RIRY EEONEE - EEANIEENT
FERIE Ry IO R e BLBR O RIRT IR BB RE - EALSTAIR
T ENBHEMD BRI 2 - A NIRRT S -

Roskill TEH| 2028 4 1= 7T 2 MM #E 73 i Ry EE (32%) ~ Wi
(21%6) ~EAEFI(17 %) - BhsR A EHRHG B H ERY 68% - B
JRT Tt ~ BRI - EmAL UL M LT RAVELE AR - EE
PRI BIONAELY 5 T e AUM L AREMEA R IR 400 T+
SCAIVERE 4,500 T5¢ °

EFE RS o AR EIRISEESH(99.9%41%) - fRi% USGS 1y 2019
FPER R 2 32705 > A sl R 510 S270/15¢

Rockhound is a HK based company set up to serve the minerals
industry in the Region. The company offers technical valuations
and services in the natural resources sector.
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China Southern Rare Earth's offer for terbium oxide soared
by 500,000 yuan/mt 25 Nov 2020 <SMM>

China Southern Rare Earth Group announced its latest listing prices for
medium and heavy rare earth oxides. Prices of gadolinium oxide in-
creased 3,000 yuan/mt to 176,000 yuan/mt, holmium oxide rose 60,000
yuan/mt to 505,000 yuan/mt, while terbium oxide prices soared 500,000
yuan/mt to 5.8 million yuan/mt.

Prices of many rare earth products increased last week on tight supply.
Both offers and actual traded prices of praseodymium-neodymium oxide
and neodymium oxide climbed last week on tight supply and firm demand.
Meanwhile, rising raw materials costs and shortage of spot cargoes also
boosted prices of metal praseodymium-neodymium and metal neodymium.

Prices of terbium oxide, dysprosium oxide and holmium oxide remained
firm last week, but trades were moderate as most of the downstream
users were cautious about restocking.

SMM expects prices of some rare earth products to rise further in the
near term due to limited supply of spot cargoes and demand from down-
stream magnetic materials producers who held certain orders and kept
low inventories.

A US rare earths miner is staging a comeback to take on
China (excerpt) 16 Nov 2020 <Quartz>

The Mountain Pass rare earths mine in California's Mojave desert has
had its ups and downs through the years.

Once the world's largest producer of rare earths—a group of 17 minerals
crucial in the manufacturing of many high-tech products—it was forced
to shut in 2002 in part because it was squeezed out by China's low prices.
In 2015, its owner went bankrupt. A new owner acquired the mine, and
slowly restarted operations. Now that company, MP Materials, is about
to go public on the New York Stock Exchange. Its stated mission: re-
store the full rare earth supply chain to the US and eliminate depend-
ence on China, which currently dominates the global rare earth industry.
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Under the arrangement, MP Materials is expected to merge this
week with a private-equity backed "blank check” company—known
more technically as a special purpose acquisition company—after
which it will trade under the ticker "MP" in a $1.5 billion deal high-
lighting investors' growing interest in the US rare earths industry.
MP Materials will net about $500 million in cash to fund upgrades to
the Mountain Pass facility, where it's currently mining elements for
ultimate use in magnets critical to the manufacturing of electric
vehicles.

While Beijing drove the country's rare earths dominance with gov-
ernment subsidies and production and export quotas, companies in
the US and elsewhere nhow hope that markets, together
with strategic government rules, can help counter China's sway in
the rare earths sector. The SPAC that's helping take MP Materials
public, for example, is controlled by Japan's SoftBank group.

Defense Metals Corp. Initiates Pre-Pilot Hydrometallur-
gical Optimization for its Rare Earth Elements Project
(excerpt) 23 Nov 2020 <PR Newswire>

The Defense Metals Corp. ("Defense Metals" or the “"Company")
(TSX-V: DEFN) (OTCQB: DFMTF) (FSE: 35D) is pleased to an-
nounce that it has commissioned S6S Canada Inc. ("SGS") to com-
plete additional pre-pilot hydrometallurgical test work utilizing high
-grade rare earth element (REE) mineral concentrate produced dur-
ing the Company's highly successful 26 tonne flotation pilot-plant
that yielded a mineral concentrate averaging 7.4% NdPr ox-
ide (neodymium-praseodymium) (see Defense Metals news release
dated September 23, 2020).

Bench-scale hydrometallurgical test work finalized earlier this year
and designed to inform operation of a large-scale hydrometallurgical
pilot-plant, yielded ~ 90% TREE (Total REE) recovery from concen-
trate into a chloride-based leach solution, and production of a high-
grade 67.5% TREE mixed hydroxide precipitate (see Defense Met-
als news release dated February 20, 2020).

Wicheeda REE Project

The Wicheeda REE project has indicated mineral resources of
4,890,000 tonnes averaging 3.02% LREO (Light Rare Earth Ele-
ments) and inferred mineral resources of 12,100,000 tonnes averag-
ing 2.90% LREO.

About Defense Metals Corp.

Defense Metals Corp. is a mineral exploration company focused on
the acquisition of mineral deposits containing metals and ele-
ments commonly used in the electric power market, military, national
security and the production of "GREEN" energy technologies, such
as, high strength alloys and rare earth magnets. Defense Metals has
an option fo acquire 100% of the 1,708 hectare Wicheeda Rare
Earth Element Property located near Prince George, British Colum-
bia, Canada.

Disclaimer

The content and comments in this newsletter are provided for educational and
marketing purpose and for general distribution only and cannot apply to any
single set of specific circumstances. We publish this newsletter only for or sub-
scribes in Hong Kong. All care is taken in producing this newsletter; however, we
accept no responsibility for accuracy of info supplied.
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