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Vanadium

Vanadium is a transition metal which is silvery-

grey and malleable. Its chemical symbol is V
and atomic number 23; it is under the same
group as niobium and fantalum in the periodic
table. The metal is not found in its native state,
but it occurs naturally in 156 different miner-
als according to the USGS. In 2018 nearly 90%
of vanadium feedstock was from mined sources
with the balance as a secondary product from
fly ash, petroleum residues, alumina slag and
recycling. The most important industrial vanadi-
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um compound is vanadium pentoxide (V2Os).
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Vanadium has several unique characteristics
that position it strongly in the steel, alloys,
energy and chemical sectors. However, its use is dominated by
its applications in steel making which was estimated to account
for 93% of total consumption in 2018. Vanadium pentoxide is
considered a strategic and critical mineral to the steel and ener-
gy industries.

In the production of steel alloys vanadium imparts strength,
toughness and wear resistance; a few kilograms in a tonne of
steel increases the strength of the steel by as much as 25%.
These high-strength low-alloy steels are mainly used for auto
parts, buildings, bridges, cranes, pipelines, rail cars, ships, and
truck bodies, including armour plating for military vehicles. Re-
placement of vanadium with other minerals requires significant
technical adjustments to the steel production process; thus,
substitution for vanadium is not practical for short-term chang-
es in market conditions.

Vanadium-titanium alloys have the best strength-to-weight ratio
in all known material; they are commonly used in the aerospace
industry in jet engines and high-speed airframes. There are no
effective substitutes to this alloy in the aerospace industry.

Recent research in battery technology has also
increased the demand of vanadium. Vanadium
Redox Flow Batteries (VRFB) are becoming widely
popular to be used for energy storage in renewa-
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mental footprint. In 2018 this sector accounted

for 3% of total consumption. 20 000
In the case of car batteries (lithium ion battery), 0

vanadium increases the energy density and volt-
age of the battery. This is important for perfor-
mance in electric and hybrid vehicles, as energy
density equates to distance/range, while voltage
equates to available torque.

Rockhound Limited

Ford's advertisement on Model K in 1907

o
=
L~}
(]
I I
[ 1
= = mn 0 l I o AR EE

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027
mUtility-Scale

Note: Utility segment includes thermal storage technology
Source: Navigant Research

VRFB growth forecast
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Compounds of vanadium were first discovered in 1801 by Mexican Andres
Manuel del Rio but these were thought to be of chromium. In 1830 Swe-
dish scientist Nils Sefstrom proved that the element was in fact vanadi-
um, which he named after Vanadis, the Scandinavian Goddess of beauty
and fertility, on account of the wide range of colors found in vanadium
compounds.

Geological Deposition

Vanadium is a trace element and widely distributed in nature - it is the
22" most abundant element in the Earth's crust and it is an essential
constituent of many minerals. Major vanadium deposits are distributed
globally. Vanadium is extracted from different types of ore deposit of
which the principal types are:

x  Vanadiferous fitanomagnetite (termed VTM):- Vanadium bearing
minerals are commonly hosted within mafic to ultramafic intrusive
igneous rock which are characterized by very low silica contents and
high iron and magnesium contents. The host rocks are often layered
intrusions formed at great depths in the earth’'s mantle, with the
vanadiferous ores either closely packed or disseminated.

x  Sandstone hosted vanadium (termed SSV):- SSVs are usually associ-
ated with uranium, which is a radioactive mineral. The USA is the
only producer of vanadium from SSV deposits.

x  Shale hosted vanadium:- Shale hosted vanadium typically contains
high concentration of organic matter, suggesting vanadium is incor-
porated in this matter during burial. It is then buried to enough
depth to pass the oil window; thus, some petfroleum also contains
high vanadium concentrations, and is recovered in the oil refinery
process.

x  Vanadate depositi- Salts derived from vanadium pentoxide are
found in vanadates of lead, zinc and copper ores present in oxide
zones of base-metal deposits. These deposits are secondary accu-
mulations during supergene processes in arid climates with deep
oxidation. Major deposits are only found in southern Africa.

Mining and Processing

VTM deposits, as magnetite (Fes;04) or titano-magnetite (FeTiO3) ores,
are by far the major source of global supply of vanadium. Most global
vanadium supply is from VTMs, either as a primary product (18% of glob-
al supply in 2018) or, more commonly, as a co-product with iron (ie mag-
netite) processed for steel production (70% of global supply in 2018).
VTMs, commonly only contain 0.2% - 1% V,Os, which explains why it is not
the primary product within the ore. The major primary vanadium rich ore
is carnotite.

Commercial extraction of the VTM at the mine site is usually carried out
as an underground operation, using standard mining procedure. The ore is
then crushed and concentrated to remove waste before going through
further physical and chemical metallurgical processes. Since vanadium is
essentially mined as a byproduct of magnetite the mining methods and
processing suitable to magnetite ores tend to prevail.

The main traded vanadium products are vanadium pentoxide (V20s) and
ferrovanadium (FeV), with vanadium powder to a lesser extent .

To produce these most of the vanadium bearing ores or slags are
crushed, ground, screened, smelted, leached with sulphuric acid and
roasted to produce a higher purity pentoxide, which is then reduced to
ferrovanadium or vanadium powder. The process varies slightly depending
on whether the raw material is titaniferous magnetite or primary vanadi-
um ore. The higher the titanium the harder it is to extract the vanadium.
In steel production titanium is separated out as an impurity during pro-
cessing.
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The intention in the downstream process is to produce technical grade
vanadium pentoxide which is at least 86% purity. Further purification can
produce products of greater than 99.8%. Ferrovanadium typically con-
tains 35% to 80% vanadium and is produced from a mixture of scrap iron,
vanadium pentoxide, aluminum and flux (either calcium fluoride or calcium
oxide) heated in an electric arc furnace.

Market

China (54%), Russia (25%), South Africa (11%) and Brazil (10%) account
for most world mine production.
Total production for 2019 was esti-
mated at 73,000t up slightly from
71,2001 in 2018. Reserves are re-
ported by USGS (2017) as 22Mt
and resources at 63Mt. It should
be noted that head grades in oper-
ating mines are low from a percent-
age viewpoint - between 0.3%
(Panzhihua, Sichuan Province, China)
and 1.5% (Mapochs Mine, Bushveld,
South Africa). Therefore, large
quantities of ore need to be mined
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pentoxide. Source: Bushveld Minerals

Vanadium use is dominated by its applications in steel making, which was
estimated to account for 93% of total consumption in 2018. VRFBs ac-
counted for 3% with the non-ferrous alloys and chemicals sector ac-
counting for the rest.

Over the period up to 2017 the steel market continued supporting robust
vanadium demand due to structural changes in the sector, influencing
both demand and supply. This is primarily in response to the implementa-
tion of new high strength rebar standards, which was expected to in-
crease consumption in China by approximately 10,000t per annum from
2019. Demand in steel is expected to grow at a CAGR of 2.5% through to
2027.

However, the growing demand of VRFBs for use in power storage applica-
tions is expected to significantly contribute to increased demand with
forecasts estimating an increase from 2.5% CAGR now to 8.4% CAGR by
2027. The importance of VRFBs cannot be understated. Electricity's
share of global energy consumption has been, and will continue to grow at
a rapid pace, already doubling from 10% in 1980 to 20% foday. In the
next 30 years it is expected to account for 45% of all energy consump-
tion which has huge implications not only for global energy consumption,
but also for all minerals in the electricity value chain.

At the same time the contribution of renewable energy continues to
grow. Energy storage, a process in which energy generated at one point in
time is preserved for use at another time plays a critical role in this
transition to more ‘green’ electrical energy. It is here that vanadium
plays a pivotal role in energy storage and VRFBs are well positioned fo
take a significant share of the stationary energy storage market.
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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 Vanadium Titano-Magnetite Mining Company Limited
T EIN SR RIRSE A IR A 51 (893 . HK)

The Company has been listed on the mainboard of the Hong Kong Stock
Exchange since 8 October 2009. During the year ended 31 December
2018, the Group was principally engaged in mining and ore processing,
sale of self-produced products, trading of coals and steels, management
of strategic investments and rendering of specialized mining services. As
at 31 December 2018, the Group owned five vanadium-bearing fitano
magnetite mines, one ordinary iron ore mine, one gypsum mine, five pro-
cessing plants and one iron pelletising plant. All mines are located in Si-
chuan, a region with the most abundant vanadium-bearing titano-
magnetite resources in China.

The processing routes described in the prospectus is as follow:

Process Routes and Utilization of Vanadium-bearing Titanomagnetite
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The Company has identified niobium and ftantalum ore resources at the
Baicao Mine in 2013. However , after further exploration, it was conclud-
ed that the ore resources cannot be economically recovered from the
ore.

TNG Mount Peake progress may be affected by COVID
-19 (excerpt) 31 Mar 2020 <Australian Mining>

TNG Limited (ASX: TNG) has provided an update on the progress of pre-
development planning for its Mount Peake project in Northern Territory,
taking into consideration the impact of COVID-19 pandemic on the tim-
ing of the project.
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TNG is currently at an advanced stage of pre-development planning
for the vanadium-titanium-iron Mount Peake mine, located approxi-
mately 230 km north of Alice Springs.

TNG is continuing a Front-End Engineering and Design (FEED) study
for the project in conjunction with the German-based metallurgical
engineering firm, SMS group, with limited disruptions so far to key
streams of the study.

However, TNG expects the timing of the FEED study fo be impact-
ed by the temporary shutdown of business units that support the
FEED work streams.

TNG has also not yet received comments from the Northern Terri-
tory Environmental Protection Authority in relation to the Environ-
mental Impact Statement (EIS) for its TIVAN processing facility
in Darwin, which will be connected to Mount Peake Mine.

TNG will treat maghetite concentrate from the Mount Peake mine
site using its patented TIVAN process, which will enable the ex-
traction and production of three high-value strategic elements -
titanium dioxide, vanadium pentoxide and iron oxide - for export
from Darwin.

TNG said the delay in receiving the EIS may further impact the
approval timeline for meeting additional requirements for the
TIVAN facility, which may be impacted by the COVID-19 situation.

Bushveld Minerals to hold 8.71% of Newly Created Invin-
ity Energy Systems plc (excerpt)

01 Apr 2020 <Director's Talk Interview>

Bushveld Minerals Ltd (LON:BMN), the AIM quoted, integrated
primary vanadium producer, which owns high-grade vanadium assets
in South Africa, noted that redT energy plc has today received
shareholder approval for its proposed merger with Avalon Battery
Corporation. The merged entity will be named Invinity Energy Sys-
tems plc. Bushveld entered into a Joint Venture agreement with
redT on 9 March 2020 to form a Vanadium Financing Partnership to
supply vanadium electrolyte to be used in third party-owned Vanadi-
um Redox Flow Batteries projects developed by redT. The Joint
Venture agreement will be transferred to Invinity.

The Merger will create a leading player in the growing energy stor-
age market with a presence in North America, Europe, sub-Saharan
Africa and Asia.

Invinity is expected to have strong competitive advantages, gain
financial stability and form a base for rapid future growth.

Invinity will be able to offer a VRFB that competes effectively
against other energy storage technologies.

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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