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Abstract
The relevance of the research is connected with Russia’s long-term import dependence on zirconium raw
materials.

Goal of this research: to study the dynamics of commodity flows (production, import, export, consumption) of
Russian zirconium raw materials; its prices (world and Russian); the raw material base of zirconium in Russia
and the prospects for national production of its extraction and processing.

Methods: statistical, graphic, logical.

Results: Russia imports the vast majority (3.5-14.9 kt/year or 98-100 % of consumption) of consumed
zircon concentrate. At the same time, almost all of the baddeleyite mined in Russia (4.0-9.3 kt/year or
(96-100 % of production) is exported. Since 2018 has there been a decrease in its export supplies and an
increase in the national consumption (up to 60 % of production).

Russia has existing deposits, including a useful zirconium component, but all are connected with a certain
economic and technological complexity in their development.

In 2022, the national production of selective zircon concentrate began during the development of the
Tugan titanium-zirconium deposit. This deposit covers up to 30 % of Russia’s demand for zirconium raw
materials up to 2023. Furthermore, the construction of the 2-nd stage of the Tugan mining and processing
plant will increase its supply to 15 kt/year. This will completely cover Russian demand for zirconium
raw materials. Work is in progress on Zashikhinsky field preparation, where, in the course of enrichment
of tantalum-rare-earth ores, up to 8 kt/year of zircon concentrate will be additionally extracted. The
emerging trend of reducing Russia’s import dependence on zirconium raw materials, and in the future its
complete elimination will allow consumption of zircon and zirconium oxides to be increased in the most
demanding area of their use — for dampening the glaze of ceramic tiles. The presence of an independent
and sufficient national mining base of zirconium raw materials will allow Russian production of metal
zirconium, zirconium refractory and abrasive products, solid fuel energy cells and other zirconium-
containing applications to be developed.
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rEONOrnst MECTOPOXXAEHWUIN MOJIE3HbIX UCKOMAEMbIX
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AHHOTaUunA

AxmyansHocms paboThl 0O0YC/IOBIEHA HAIMUMEM B TEUEHME JIJIUTEIBHOTO BPEMEHM MMIIOPTO3aBUCUMOCTHU
Poccum 1o [MpKOHMEBOMY ChIPBIO, OCJIOKHSIEMOI BCTPEUHBIMY [IOTOKaMM TOTaIbHOI'O MMIIOPTa IUPKOHOBO-
r'O KOHIIEHTpPATa U 3KCIIOPTA 3HAYNTEIbHO TOMN 62/ Te/IeMTOBOTO KOHI[EHTPATA.

Llens: 3yueHue IMHAMUKY TOBAPHBIX IIOTOKOB (MPOM3BO/ICTBA, MMIIOPTA, IKCIIOPTA, TOTPeGIeHNS) IPKOHM-
€BOTr0 ChIpbsT B Poccuit, ero 11eH (MMPOBBIX M POCCUIICKHUX), ChIPbEBOI 6a3bl IIMPKOHMS Poccun 1 rmepcrexkTus
HaIIOHAJIbHOTO MPOM3BOJICTBA €€ JOObIUM U TIepepaboTKH.

Memodsl: cTaTUCTUYECKUI, TpadmUueCcKuii, TOTUIeCKUIL.

Pe3ynemamei: Poccusi uMmopTupyeT nojasJsoniee KomnaectBo (98—100 %) moTpebiisieMOTo IIMPKOHOBOTO KOH-
neHtpara(3,5-14,9toic.t/rox).JIniib B 2022 I. HaUaI0Ch MACCOBOE HAI[MOHAIbHOE ITPOM3BOICTBO CEJIEKTUBHOTO
LIMPKOHOBOTO KOHIIEHTPATa Mpu pazpaboTke TyraHCKOTO TUTaH-I[MPKOHUEBOTO MECTOPOKAEHMS, YTO TT03BO-
uT yxe B 2023 1. 3aKpbITh 110 30 % noTpe6HOCTM POCCuY B IMPKOHMEBOM ChIPbe, a Ia/IbHE1Iee CTPOUTENbCTBO
2-11 ouepenu Tyranckoro I'OKa npuBefeT K YBETMUEHUIO €0 ITPeIJIOKEeHNS A0 15 ThIC. T/TOM, UTO ITOTHOCTHIO
TepeKpoeT POCCUIICKIE MOTPEOHOCTY B IIMPKOHMEBOM ChIpbe. B TO ke BpeMs KOHIIeHTpaT O6aaenenTa (pu-
POMIHBII OKCH]T IMPKOHMS), M3BJIEKAEMBbIii IOITYTHO IMPY 060TaIl€HUM allaTUT-MarHeTUTOBBIX pya Ha KoBmop-
ckom I'OKe, 1o 2017 r. nmpaktuyecku Bech (96—-100 %) ornpasisiics Ha skenopr (4,0-9,3 ThIC. T/TOL) U JIUIUD C
2018 . HaMeTUJIOCh CHVKEHME SKCITOPTHBIX IMOCTABOK M YBEJIMUEHME er0 HallMOHAIbHOTO TOTpe6eHus (00
60 % OT Mpou3BOJICTBA).

B 2022 r. npexpaTuicsa MUMIOPT LIMPKOHOBOr'O KOHIIEHTpaTa C YKpauHbl M OCJIOXKHUIIUCH €r0 MOCTaBKYU U3 He-
IPYKeCTBEHHBIX CTpaH. [JiT TOKPBLITUSI BPpEMEHHOTO AedUIMTa POCCUIICKOTO MOTPEe6IeHNs] IMPKOHOBOTO
KOHIIeHTpaTa (3—5 ThIC. T/TOA) BO3MOXKHBI ITOCTABKM OT HE3aBUICHMBIX MTPOU3BOAUTENEN U3 APYKECTBEHHBIX
CTpaH, B TOM YMCJIe U 110 CXeMe TapasuiesibHOro umropTa. CHUsKeHe BpeMeHHOro AeduiimTa HMPKOHUEBOTO
CBIPbSI BO3MOXKHO TaK)Ke MepeopreHTPOBAHMEM YaCTU IKCIIOPTHOTO TIOTOKA 6a/I/1e/IeMTOBOro KOHIIEHTPaTa
Ha POCCUIICKME HYKIBI.

Ha tepputopun Poccuyu nmeroTcss NOoAroTOBAEHHbIE MeCTOPOXKIEHMs, BKIIOUAIOIIMe MOe3Hbli VPKOHKe-
BbIJi KOMIIOHEHT, HO [IJI1 BCEX HUX MMEIOTCSI SKOHOMMUUYECKME U TEXHOIOTMYeCKMe CII0KHOCTY UX OCBOEHMSI.
9ro JIykosiHOBCKOe, Bermarupckoe, TyraHckoe, IleHTpanbHoe 1 TapcKkoe TUTaH-IIUMPKOHMEBbIe ITOrpe6eHHbIe
POCCBITIHBIE MeCTOpOXKAeHus1, KaTyruHckoe, Yinyr-TaHserckoe, 3amuxuHckoe 1 CaxapitokcKoe KOMIIEKCHbIe
pyIHbBIE UPKOHCOAEpXKAllMe peIKOMeTa//IbHO-peKOo3eMelbHble MEeCTOPOXKAEHMS, YUaCTOK 3BAUAIBTOBBIX
pyz AnnyaiiB Ha JIOBO3epCKOM peIKOMETaZIbBHOM MEeCTOPOKIEHNUN.

Kpome pa3BuTHs yske OpraHuM30BaHHbBIX JOOBIUYHBIX pab0T Ha TYyraHCKOM TUTaH-I[MPKOHMEBOM MECTOPOXKIe-
HUU, BEIYTCS pabOThHI 10 MOATOTOBKE 3alIMXUHCKOTO MECTOPOXKAEHMS, THe MPY 000TallleHUY TaHTal-PeaKo-
3eMeJIbHbIX Py, OyeT JOTIOTHUTEIbHO U3BIEKAThCS 10 8 ThIC. T/TOA, IMPKOHOBOTO KOHIIEHTPATA.

B03MOKHO Takke CO3maHue 3apy6esKHbIX COBMECTHBIX MPEONPUITHIA 10 JoObIUe [MPKOHMEBOTO U TUTAHO-
BOTO ChIPHSI B IPY’KECTBEHHBIX CTpaHax (Bo BreTHame u FOAP) my1si mowieqyommx moCcTaBoOK JOOBITOTO ChIPbS
B Poccuo.

HameTuBummiicsi TpeHA, CHYDKEHUSI UMIIOPTO3aBUCUMOCTY Poccum 1o UMPKOHMEBOMY ChIPbIO, a B JaJIbHEMIIIEM
Y TIOJTHAS ee JIMKBUAAIMS MTO3BOJISIT HAPACTUTD TTOTPebIeHMe IMPKOHA Y OKCUMAOB IMPKOHMS B CAMOM €MKOM
HanpaBJeHUM VX UCIIONb30BaHMS — AJIS [yLIeHMs [a3ypy KepaMudeckoi minTku. Hannumne HesaBucumon
¥ JOCTATOYHO! HAIIMOHAIBbHOI JOOIBAIOIIEH 6a3bl IMPKOHMEBOTO ChIPbSI TIO3BOJIUT Pa3BUBATH POCCUIICKOE
TIPOU3BOJCTBO IMPKOHMS METAJZIMYECKOTO, IMPKOHMEBBIX OTHEYIIOPHBIX 1 aOpa3MBHbBIX MTPOAYKTOB, TBEPHAO-
TOIJIMBHBIX SHEPTeTUUECKUX /IEMEHTOB U APYTUX UMPKOHUIICOAEPIKALMX TPUIOXKEHWIA.

KniouyeBble cnosa
CTpaTernmyeckoe CbIpbe, MMIIOPTO3aBUCUMOCTDb, LIMPKOH, 6a,u,ueneMT, LU/IpKOHI/If/'I MeTaHHquCKMﬂ, OKCHObI
LIVPKOHMS, SKCITOPT, HALIMOHA/JIbHbBIE ITPOEKThI
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Introduction

At the present time, the situation regarding the
manufacture and consumption market of zirconium
raw materials in Russia is challenging. The situation
is burdened with high risks of failures to ensure the
movement of commodity flows.

In world zirconium production, the main uses
of zirconium are the production of ceramic products
(54 %), non-stick coatings (14 %) and refractory
products (13 %) in the foundry industry [1]. In Russia
over 60 % of zirconium mineral raw materials is used
in the nuclear industry for the production of metal-
lic zirconium [1, 2]. Zirconium is included in the na-
tional list of the main types of strategic mineral raw
materials (Order of the Russian Federation Govern-
ment as at 16 January, 1996, N2. 50-1). In the Stra-
tegy for the Development of the Mineral and Raw
Material Base of Russia until 2030, it belongs to the
problematic third group of scarce minerals, internal
consumption of which is largely provided by enforced
imports (Decree of the Government of the Russian
Federation of December 22, 2018, N2 2914-r).

The greatest difficulties for the Russian zirco-
nium industry arose after the collapse of the USSR,
when the main supplies of zirconium raw materials
were provided from the existing mining and pro-
cessing complexes (MPC) (Volnogorskiy, Irshinskiy,
Streminogorskiy, Mezhdurechenskiy) located on the
territory of Ukraine. In the 80 years of the XX centu-
ry in the USSR, up to 40 kt of zircon concentrate (con-
taining 65 % Zr0O2) was mined and processed annu-
ally. Since 1991 it was imported into Russia, and by
2000 Russian consumption decreased to 9 kt/year [2].

At the same time, at the Kovdorsky mining plant
in the Murmansk region, during the apatite-mag-
netite development of the same-named deposit,
4-9.3 kt/year of associated minerals is mined — bad-
deleyite concentrate (natural zirconium oxide) [2].
Most (2.4-9.3 kt/year or 40-100 %) is exported.

There is an overall zircon raw material shortage
for the needs of Russian industrial production which
is covered by imports. There is also a contradiction
between the benefits of exporting Russian badde-
leyite concentrate and the problems of domestic Rus-
sian demand for this product.

Given the risks of the consequences of anti-Rus-
sian economic sanctions by the EU and the USA, the
real current state of the Russian zirconium industry
needs to be determined.

Methodology

In order to study the Russian market of zirconi-
um raw materials, data was collected on the global
and Russian production of zirconium raw materials
for the period 1996-2020, as well as the dynamics of
Russian and world prices for zirconium products for
the period 1996-2022. Sources of information were:
Bulletins and survey reports of the Russian Minis-
try of Natural Resources and Environment!, data of
foreign trade of the Federal Customs Service of Rus-
sia?, data of the British Geological Surveys® and the
United States Geological Surveys?, data of the UN
Information Service and reviews® of marketing com-
panies®. Mining, production, imports, exports and
consumption are reported in metric tons. Prices for
zirconium products are quoted in USD per metric ton
of the specific commodity. When calculating the sum
of zirconium products of different qualities, they are
given in terms of 100 % ZrO, in metric tons.

Condition of the Russian zirconium industry

Mining. In world practice, the main source of
zircon concentrate is titanium-zirconium coastal
marine alluvial deposits. These are very technolog-
ically advanced in terms of mining and enrichment
of ore sands. The world leaders in zircon min-
ing are: Australia (400-620 kt/year); South Africa
(320-390 kt/year); USA (70-100 kt/year); and Sene-

! Ministry of Natural Resources and Environment
of the Russian Federation. URL: https://www.mnr.gov.ru/
docs/gosudarstvennye_doklady/o_sostoyanii_i_ispolzovanii_
mineralno_syrevykh resursov_rossiyskoy federatsii/

2 Federal Customs Service of Russia. URL: http://stat.
customs.ru/analytics/

3 US Geological Survey. URL: National
Information Center | U.S. Geological Survey (usgs.gov)

4 Britain Geological Surveys. URL: Commodities &
statistics | MineralsUK (bgs.ac.uk)

5 UNdata. A world of information. URL: https://data.
un.org/Default.aspx

¢ TrendEconomy. URL: https://trendeconomy.ru/

Minerals

130



MINING SCIENCE AND TECHNOLOGY (RUSSIA)

FTOPHbIE HAYKU U TEXHOJ1I0I'MU
2023;8(2):128-140

gal (50-100 kt/year)’. In Russia, despite a sufficiently
established resource base for explored titanium-zir-
conium sand deposits, the extraction of zircon (zir-
conium silicate containing 65 % ZrO,) has not been
carried out due to the presence of a stable zircon im-
port flow (together with ilmenite and rutile) concen-
trate from Ukraine. In 2007-2015, the pilot opera-
tion of the Tugan titanium-zirconium deposit in the
Tomsk region was carried out with an annual zircon
concentrate output of 79-936 t/year [2, 3]. In 2022,
the construction of the 1st stage of the Tugansky
GOK of JSC Ilmenit was completed (Fig. 1). This pro-
vided production of 410 tons of zircon concentrate by
the end of the year and expected output of 3.5-3.7 kt
in 2023. This meets 30-35 % of Russian demand for
this product. The construction of the 2-nd stage of
the Tugansky GOK planned for 2025 will increase the
zircon concentrate output to 14.7 kt/year. This will
completely cover Russian demand for zirconium raw
materials [3].

7 Ministry of Natural Resources and Environment
of the Russian Federation. URL: https:/www.mnr.gov.ru/
docs/gosudarstvennye_doklady/o_sostoyanii_i_ispolzovanii_
mineralno_syrevykh resursov_rossiyskoy_federatsii/
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Baddeleyite (zirconium natural oxide) is a rare
industrial type of mineral raw material, periodically
mined in the weathering crusts of carbonatites of
the Pocos de Caldas deposit in Brazil (1940-1950s).
It has also been extracted during beneficiating of
apatite-copper ores of the Palabora carbonatite de-
posit in South Africa (1964-2001). In Russia, star-
ting from 1975, baddeleyite has been extracted
during beneficiating of baddeleyite-apatite-mag-
netite ores of the Kovdor carbonatite deposit and
the Kovdorskiy GOK of MCC EuroChem (see Fig. 1)
[2, 4]. Since baddeleyite concentrate is an associa-
ted useful component, its production volumes are
practically not regulated. This is due to the va-
riability in the quality of the composition of ores
(containing only 0.13-0.16 % Zr0O,), controlled to
optimize the production of the main commodi-
ty component — iron ore concentrate. Accordingly,
the production volumes of baddeleyite concentrate
are variable over time (4.0-9.3 kt/year). They show
trends of initial increase from a local minimum of
4.0 kt in 1999, to a maximum of 9.3 kt in 2010 and
a subsequent downward trend in supply down to
6.0 kt in 2020 (Fig. 2).

Khala

A 4
Algama ";
R
T §
Rucharskog
Zashikhi {{ 3
4 "

ege AP

Fig. 1. Enterprises mining, processing and consuming zirconium raw materials, Metallogenic provinces
of the location of zircon-bearing placers and the actual zirconium deposits:
1 - metallogenic provinces of location of zircon-bearing placers (I - Unecha-Krapivnenskaya; II - Central Chernozem,;

III - Penza-Murom; IV — Lukyanovskaya; V — North Caucasus; VI — Timan; VII - Zauralye; VIII - Tara; IX — West Siberian-Khatanga);
2 - titanium-zirconium placer deposits; 3 — zircon-bearing complex rare-metal deposits; 4 — baddeleyite deposits in carbonatites;
5 - baddeleyite deposits in the weathering crusts of carbonatites; 6 — enterprises extracting zirconium raw materials;

7 — metallurgical enterprises for the production of metallic zirconium; 8 — other enterprises consuming zirconium raw materials
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Baddeleyite makes up 99-100 % of total zircon
raw materials production in Russia. The share of zir-
con production does not exceed 1.4 %. In relation
to world production of zirconium raw materials, the
share of Russian supply is 0.6—1.1 %. This figure fluc-
tuates relative to the average level of 0.8 % (Fig. 3) —
a very small contribution to the volume of world con-
sumption of zirconium products (528-1127 kt/year in
terms of 100 % ZrO,).

Import. The vast majority of zircon concentrate
(98-100 %) prior to 2021 inclusive was supplied to
Russia by import (3.5-14.9 kt/year), see Fig. 2. The
main commodity flow of zircon was from Ukraine
(3.0-12.9 kt/year or 43-94 %). This was due to the
traditional nature of the usual commodity flows of
zircon and, in particular, its lower radioactivity when
compared to zircon concentrate from South Africa
and the USA [5]. However, if in the 1990s and 2000s,
the overwhelming share of imports of zircon con-
centrate came from Ukraine (75-94 %), then in the
2010s, supplies from the Netherlands (up to 32 %),
Italy (up to 24 %) and the USA increased (up to 9 %),
see Fig. 2. There were small import inflows of zircon
concentrate from Indonesia, China, Kazakhstan. In
2022, the import of zircon concentrates from Ukraine
stopped and its supplies from unfriendly countries
became more complicated.

Average world import prices for zircon concen-
trate in 1996-2002 were at the level of 310-360 USD/t.
In 2003, their growth began against the background
of increased consumption in China (20 % of world
demand in 2002 and 60 % in 2012) up to 1534 USD/t
in 2012. The global economic crisis of 2008-2009
years affected the growth of zircon price trend only by

% 1.6
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slowing down its increase (see Fig. 2). Subsequently,
against the background of a decrease in the volume
of consumption of zircon concentrate in China, its
average world prices decreased to 860 USD/t in 2016.
Later, with a resumption in demand, their growth re-
sumed up to 1780 USD/t in 2020.

The price of imported zircon concentrate only in
2003-2005 (during the initial period of growth in its
consumption in China) was lower than the average
world export prices by —24 ...-32 % (see Fig. 2). There
was an excess of the price of Russian imports over
world prices by +20...+60 % over the years. This can be
explained by the declared higher quality of Ukrainian
zircon concentrate [5]. In general, against the back-
drop of the general global price increase, the cost of
Russian imports of zircon concentrate increased from
USD 2.6 million in 1996 to USD 25.4 million in 2012.
Subsequently, against the backdrop of a decline in
import volumes, this amounted to USD 8-18 million,
USD/year.

There are also small volumes of imported syn-
thetic zirconium oxide (analogous to natural bad-
deleyite) — 51-852 t/year (see Fig. 2), mainly of
high-quality varieties. 96-172 tons/year of metallic
zirconium are also imported.

Export. Prior to 2017, almost all of the badde-
leyite concentrate produced at Kovdorsky mining and
processing complex was exported (96-100 %), see
Fig. 2. This was facilitated by a high level of world
prices and limited volumes of world trade in natural
and synthetic zirconium oxide. The dynamics of export
supplies of baddeleyite concentrate almost complete-
ly mirror the trends in the production of baddeleyite.
There was an initial increase from a local minimum

1.4
1.2 1
1.0
0.8 1
0.6
0.4 4
0.2 4

0

1996 2000 2005

2010 2015 2020

O~ Share of zirconium raw material production in Russia in the total volume of its world output
—B— Share of zirconium products consumption in Russia in world production of zirconium raw materials

Fig. 3. Shares of the Russian production and consumption of zirconium raw materials in terms of its global output
for 1996-2021 (in recalculation on 100 % ZrO,)

133



R

of 4.0 kt in 1999 to a maximum of 9.3 kt in 2010 to
a subsequent trend of decreasing exports up to 6, 9 kt
in 2017, and then their sharp reduction to 2.6 kt in
2020 (40 % of production), see Fig. 2. The main buyers
of Russian baddeleyite concentrate were: Japan (up to
65 % of Russian supply); the Netherlands (up to 30 %);
and Germany (up to 28 %), see Fig. 2. In 2005-2008
the export flow of baddeleyite concentrate from Rus-
sia passed through intermediary companies in Swit-
zerland, see Fig. 2.

In general, the market for zirconium oxide inter-
national trade (natural + artificial) is relatively small -
(29-52 kt/year). It corresponds to 3.9-6.3 % of the
world production / consumption of zirconium raw ma-
terials (in terms of on ZrO,), see Fig. 4. The share of
Russian exports of baddeleyite (4.8—9.3 kt) in the world
trade of zirconium oxides is 12-22 % (see Fig. 4).

For a long period (1996-2013), world trade prices
for synthetic zirconium oxide remained approximately
at the same level of 2700-3350 USD/t. Subsequently,
there have been jumps in price growth with a sub-
sequent stability of their level of 4200-4300 USD/t
in 2014-2017 and 6400-6500 USD/t in 2019-2022
(see Fig. 2). The 2008-2009 global economic crisis did
not affect the dynamics of prices for zirconium oxides.
The price rises for zirconium oxide in 2013 and 2018
fell at the moments of decrease in the volumes of Rus-
sian production and, accordingly, export of baddeley-
ite concentrate.

The export price of Russian baddeleyite con-
centrate in 2002-2010 was below the average world
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-28, ...—48 % with a downward trend over time
(see Fig. 2). Between 2012-2013, there was only
one period when the prices of Russian exports ex-
ceeded average world prices by 6-10 %. This was
due to a larger share of the output of ceramic varie-
ties of baddeleyite produced at that time. Between
2014-2022, Russian baddeleyite concentrate was
again sold at a discount of +10...+22 %. The value of
the Russian baddeleyite concentrate export increased
from USD 6.8 million in 1996 to a maximum of USD
33.5 million in 2019. However, it dipped sharply with
the fall of export volumes to USD 13.7 million in 2020.

Consumption. The main consumer of import-
ed and domestic zircon concentrate in Russia is SC
Chepetsky Mechanical Plant (ChMP) in Glazov (Re-
public of Udmurtia). It produces metallic zirconium
and products for the needs of the nuclear industry,
as well as synthetic zirconium dioxide. ChMP in
the 2010s produced up to 3000 tons of metal zir-
conium [2] annually, obtained by processing up to
5000 tons of zircon concentrate?® [5].

LLC Kerama Marazzi at the Orlovsky plant
of ceramic tiles, produces zircon concentrate to
muffle the enamel of ceramic tiles. Consumption is
0.8-1.3 kt/year®.

JSC Klyuchevskoy Ferroalloy Plant (settlement
Dvurechensk, Sverdlovsk region), annually produces
up to 150 tons of ferrosilicon zirconium for deoxidi-

8 Federal Customs Service of Russia. URL: http://stat.
customs.ru/analytics/

import prices of synthetic zirconium oxide by 9 1bid.
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Fig. 4. Dynamics of world trade balances of natural and synthetic zirconium oxides, as well as the share of baddeleyite export
from Russia of the total zirconium oxide world trade and the share of zirconium oxide world trade in the world production
of zirconium raw materials for 2002-2021 (in terms of 100 % ZrO,)
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zing steel and increasing its strength. Consumption
is up to 250 tons of zircon concentrate [6].

Zircon concentrate is also used for the manufac-
ture of anti-burning paint for coating crucibles and
molds directly at ferrous and non-ferrous metallurgy
enterprises [7]. However, there are no statistics on the
volume of this use.

A significant part of imported zircon concentrate
(3-5 kt/year) is processed into zirconium dioxide for
use in the production of refractory materials and
ceramics.

The processing of zircon concentrate for zirco-
nium dioxide (including doping with calcium or yt-
trium) is carried out at Russian enterprises: ORPE
Technologiya named after A.G. Romashin and LLC
Technokeramika (Obninsk, in the Kaluga region), JSC
DINUR (Pervouralsk, Sverdlovsk region).

LLC Technokeramika, in addition to zirconium
oxides, produces abrasive materials from zirconium
oxides (Zirco+).

ORPE Technologiya named after A.G. Romashin
produces refractory materials based on zirconium
oxides: zirconium dioxide ceramic film; porous ele-
ments and diaphragms for electrochemical water
purification; layered structures with zirconium di-
oxide coatings for insulating or sealing elements for
electrochemical devices; nozzles and bushings for
metal melt spraying installations; solid electrolytes
of electrochemical solid oxide fuel cells and oxygen
pumps; oxygen concentration sensors in metal melts;
crucibles for ferrous and non-ferrous metallurgy for
heat treatment of various materials; electrochemical
elements in dynamic oxygen sensors of on-board se-
curity and life support systems; and in nuclear power
engineering.

STC Bakor (Moscow), EFR Sherbinka (Shcherbin-
ka, the Moscow region) and JSC Borovichi Refracto-
ries Plant (BRP) in Borovichi (the Novgorod region)
produce corundum oxide zirconium refractory pro-
ducts and mortars (bulk refractories) for the glass
industry. They also produce products for continuous
casting of steel based on zirconium dioxide, or with
the addition of zircon.

According to the dynamics of Russian consump-
tion of zircon concentrate, there has been a signifi-
cant increase in consumption from 3.5 kt in 1997 to
15 kt in 2004. There was stabilization at the level of
10-12 kt/year until 2012 with a crisis drawdown of
up to 7.7 kt in 2009, after which the consumption of
this marketable product has fluctuated in the range of
8-11 kt/year (see Fig. 2). In terms of 100 % ZrO,, the
minimum annual consumption of zircon was 3.2 kt in
1997, the maximum was 9.7 kt in 2003, and the most
recent in 2020 was 6.4 kt (see Fig. 1).
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In terms of the dynamics of the Russian prima-
ry supply of zirconium oxides (baddeleyite + imports
of synthetic zirconium oxide), there has been an in-
crease in consumption from 0.15 kt in 1996 to 3.8 kt
in 2020 (see Fig. 2).

In terms of the processing of imported zircon into
oxides at Russian enterprises, another 2-3.5 kt are
sent for sale. Thus, if by 2010 the total consumption
of zirconium oxides in Russia by 2010 was up to 1 kt
[8], then in 2020 it was 7.3 kt/year.

In general, in terms of domestic and imported
zirconium raw materials, 30-60 % of consumed raw
materials are used for the production of metallic zir-
conium. 40-60 % are used for refractory products, up
to 20 % for ceramics, up to 5 % for abrasive materials,
and for ferroalloys. up to 2 %.

In world practice, more than 50 % is used in the
production of mass-produced ceramic products for
silencing enamel, in order to increase its strength
and reducing thermal conductivity [9]. This use
is constrained in Russian conditions by the total
import dependence on zirconium raw materials [10].
However, the experience of creating a large-scale
production of ceramic tiles at the Orel plant of LLC
Kerama Marazzi. This has led to an explosive growth
in the volume of its production and consumption
in Russia in 2013-2015, testifying to the urgent
demand for these products and, accordingly, the
increase in demand for zircon and baddeleyite raw
products.

The total import dependence of Russia on zirco-
nium raw materials also constrains other areas of zir-
conium product use:

- production of powders of zirconium carbide [11]
and zirconium diboride [12] for the manufacture of
abrasive materials, wear-resistant coatings and as
part of hard alloys;

—use of zirconium oxides (doped with yttrium
or scandium) as solid electrolytes, stable at high
temperatures in solid fuel cells for converting the
chemical energy of hydrocarbon fuel into electricity
and heat [13];

— hydrochemical production of magnesium-sta-
bilized zirconium oxide powders for the manufacture
of heat-resistant composite ceramic material [14].

Mineral raw material base. Globally, only one
type of zirconium deposits is currently being deve-
loped: modern coastal-marine titanium-zirconium
placers with minimal overburden volumes. Titanium-
zirconium placers are also known on the territory of
Russia. However, almost all of them are buried and
with epigenetic changes in the properties of useful
minerals [15]. This complicates their development
and reduces investment attractiveness. The most
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attractive of them in terms of quality and quantity of
zirconium raw materials are'® [2]:

- Lukoyanovskoye deposit in the Nizhny Novgo-
rod region, containing an average of 13 kg/m?® of zircon
in sands, reserves of 389 kt of ZrO,;

- Beshpagir deposit in the Stavropol Territory,
7.84 kg/m3, 166 kt;

- Tugan deposit in the Tomsk region, 7.65 kg/m3,
1007 kt;

- Central deposit
6.7 kg/m3, 830 kt;

— Tarskoye deposit
6.37 kg/m?, 181 kt.

At present, the construction of the 1st stage of
the Tugansky GOK of JSC Ilmenit has been completed.
The commercial operation of the Tugan titanium-zir-
conium deposit has begun with an annual output of
up to 3.7 kt of zircon concentrate, 11.4 kt of ilmen-
ite concentrate, 0, 8 kt of rutile concentrate and up to
220 thousand m?® of construction sand [3]. The Lukoy-
anovskoye, Beshpagirskoye and Tsentralnoye deposits
are currently in unallocated subsoil.

There are also possible development projects of
titanium-zirconium placer deposits in friendly coun-
tries: Vietnam (deposits Cam-Hoa, Qui-Ninh, Ke-
Sung, etc.) [16], and in South Africa, where there is
experience in creating Russian-African mining enter-
prises (importing manganese ores to Russia) [17].

Baddeleyite ores in carbonatite deposits, the only
deposit is being developed in Russia — Kovdorskoye
in the Murmansk region!!, including significant re-
serves of zirconium (2182 kt ZrO,). They are also
developed as an associated component of complex
apatite-magnetite ores (average content of 0.15 %
Zr0,) [2]. Moreover, due to the status of associated
raw materials for baddeleyite, there are low rates of
extraction into concentrate (30-40 %) and the for-
mation of tailings rich in this mineral. At Kovdorsky
GOK, a technogenic deposit has now been formed,
including 34 kt of ZrO,. Technology needs to be de-
veloped for the enrichment of baddeleyite-contain-
ing ores with an increase in its extraction into con-
centrate.

A pure baddeleyite deposit is also known in Rus-
sia: Algama in the Khabarovsk region. This is a ge-
netic analogue (carbonatite weathering crust) of the
Posos de Caldas deposit in Brazil [18]. However, the
Algaminskoye deposit is located in a remote area
outside transport communications, has not been ex-

in the Tambov region,

in the Omsk region,

10 Ministry of Natural Resources and Environment
of the Russian Federation. URL: https:/www.mnr.gov.ru/
docs/gosudarstvennye_doklady/o_sostoyanii_i_ispolzovanii_
mineralno_syrevykh_resursov_rossiyskoy_federatsii/

T Ibid.
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plored. It is unlikely to be of industrial interest in the
near future.

Other types of complex ore deposits have previ-
ously been explored, including significant mineraliza-
tion of zircon in Russia'?. Among the most notable of
these are:

- Katugin zircon-pyrochlore-cryolite deposit in
the Trans-Baikal region, with reserves of 3086 kt of
ZrO, with an average content of 1.6 % ZrO,;

— Ulug-Tanzek zircon-pyrochlore-columbite de-
posit in the Republic of Tyva, 2900 kt, 0.4 % ZrO,;

— Zashikhinsky zircon-pyrochlore-columbite de-
posit in the Irkutsk region, 282 kt, 0.46 % ZrO,;

— Sakharjok deposit in the Murmansk region with
resources of 1625 kt of ZrO,.

Complex deposits can be challenging in terms of
enrichment of their ores, selectivity in the extraction
of useful minerals and components. A particular
risk is managing the individual commercial product
output, especially in the context of increasing prices.
The main commercial product which is the focus of
the main technological enrichment process with
its optimal yield in terms of quality and quantity is
singled out. This is also the case for all other mineral
products which are accounted for upon their release as
associated components. In the Katuginsky and Ulug-
Tanzegsky deposits, niobium is the main attractive
component of complex ores, for the Zashikhinsky —
tantalum. Thus, the zirconium product for these
objects is a minor associated mineral.

Currently, the Zashikhinskoye deposit (the owner
of the license for subsoil use is JSC Technoinvest
Alliance)®® is at the stage of development and design
of the mining enterprise. Moreover, the main attrac-
tive component of the complex ores of this project
is tantalum (average grade in ores is 0.03 % Ta,0.).
It is planned to produce annually 8.2 kt of zircon
concentrate and 6 kt of pyrochlore concentrate con-
taining 220 tons of Ta,O; and 2.5 kt of Nb,O. [19].
The Katuginskoye and Ulug-Tanzegskoye deposits
are located in remote areas and, due to the low in-
vestment attractiveness and the difficulty of ore
enriching, are in unallocated subsoil.

Outside the Russian Federation, zircon-contai-
ning complex ore deposits have also become the
objects of investment attractiveness. This is espe-
cially the case against the background of the de-
pletion of most developed titanium-zirconium pla-
cers. However, the same problem exists in terms of

2. Ministry of Natural Resources and Environment
of the Russian Federation. URL: https:/www.mnr.gov.ru/
docs/gosudarstvennye_doklady/o_sostoyanii_i_ispolzovanii_
mineralno_syrevykh_resursov_rossiyskoy_federatsii/

5 Ibid.
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the multiplicity of marketable product output, and
linking production planning to the main mineral or
marketable product. Projects for field development
are being prepared for implementation, including
the extraction of zircon concentrate: Thor Lake [20]
and Strange Lake [21] in Canada, Bear Lodge in the
USA [22], as well as Zandkopsdrift in South Afri-
ca [23] and Tunbreeze in Greenland [24] with the
main components in the form of rare earth metals.

Eudialyte ores, an unconventional type of zirco-
nium raw material known at the Alluive site of the
developed Lovozero rare metal deposit, are also be-
coming attractive. The resources of zirconium in eu-
dialyte ores at this deposit are 7275 kt of ZrO, with
a cut-off grade of 2.5 % ZrO,. The main component
extracted from the eudialyte concentrate here is zir-
conium, and rare earth materials — associated use-
ful components [25]. A positive aspect of the Alluive
site development of eudialyte ores is the presence of
an existing mining complex near the infrastructure.
The risk factors are the absence of an enterprise for
processing eudialyte concentrate and the likelihood
of declaring specially protected geological natural
monuments on the territory of the mining allot-
ment of the deposit (pegmatite bodies “Shkatulka”
and “Yubileinaya”). This followe the example of the
Pilanesberg eudialyte deposit in the national park of
the same name in South Africa.

Eudialyte ore deposits are being prepared for
development abroad: the Durbo project at the Tungi
deposit in Australia (the main component is zirco-
nium) [26]; the Nechalacho project in Canada [27];
and the Kwan Fjeld project in Greenland [28] (the
main components are rare earths).

Discussion and Conclusions

Since 1992 in Russia, the zirconium market has
had a completely import-dependent zircon concen-
trate flow and a predominantly export-oriented bad-
deleyite concentrate flow. Only in 2022, did mass
national production of selectively extracted zircon
concentrate begin during the development of the Tu-
gan titanium-zirconium deposit.

In the list of recent political sanctions, there is
no reference to a trading ban with Russia for zirco-
nium ores and concentrates. However, supplies from
Ukraine have stopped, and the main world producers
of zirconium raw materials are either unfriendly
(USA, Australia) or controlled by the latter (operators
Namacwa Sands and KZN Sands in South Africa by
the American company Tronox, QMM in Madagascar
by the Australian Rio Tinto, Tizir in Senegal by the
French Eramet and the Australian MDL, Moma Tita-
nium Minerals in Mozambique by the Irish Kenmare).
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Nevertheless, in order to cover the temporary short-
age of Russian consumption of zircon concentrate
(3-5 kt/year), supplies from independent producers
from friendly countries are possible. Volumes of deli-
veries of zircon concentrate from Indonesia need
to be increased, and new flows of its import from
Vietnam, Sri Lanka, India, Brazil, Namibia, Kenya,
Tanzania and other countries, including need to be
coordinated through parallel import schemes.

It is also possible to cover the temporary zir-
conium raw material shortage for Russian needs by
reorienting the baddeleyite concentrate commer-
cial flow produced by Kovdorsky GOK. The needs
of metallic zirconium production, for example, are
2.2-3.3 kt/year instead of 3.3-5 000 t/year of zircon
concentrate [5]. The Chepetsk Metallurgical Plant
has already started using baddeleyite concentrate
since 2022.

When considering new projects for the zirco-
nium raw material production, there are three groups
of proposed development objects: 1) traditional
placer of titanium-zirconium deposits; 2) complex
ore rare-metal deposits, including the extractable
useful mineral — zircon, 3) complex rare-metal de-
posits of eudialyte, the processing of which extracts
the main useful component — zirconium.

As already noted, the development of complex
deposits is planned. This is based on the release of
the main useful component, and the fact that volu-
mes of production of associated zircon concentrate
have become uncontrollable. Nevertheless, the on-
going project for the development of the Zashikhin-
sky deposit with tantalum as the main component is
feasible due to the extreme shortage (complete im-
port dependence) of this product, Thus an additio-
nal 8 kt/year of zircon concentrate will be supplied
for sale. As for the eudialytic Lovozerskoye depos-
it (Alluaive site), despite the high content of zirco-
nium (the main component), the issue of develop-
ment remains open. Currently there are no exam-
ples of industrial processing of such ores, but only
projects and intentions to develop such deposits.

The most promising direction for the develop-
ment of the national production of zirconium raw
materials is the development of prepared titani-
um-zirconium alluvial deposits. The commissioning
of the 1st stage of the Tuganskiy GOK will allow from
2023, up to 3.5 kt of zircon concentrate to be pro-
duced (30 % of the Russian demand for this product).
The further construction of the 2™ stage of mining
and processing complex will lead to an increase in
its supply to 15 kt/year, This will completely cover
the Russian demand for zirconium raw materials.
Due to the increase in Russian demand for zirconium
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raw materials, projects may be implemented to deve-
lop the Central, Lukyanovskoye, Beshpagirskoye and
Tara alluvial titanium-zirconium deposits. Howe-
ver, at the same time, the main components of their
output will be ilmenite and rutile concentrates with
a subordinate value of associated zircon concentrate.
The main problem in the development of Russian
placer titanium-zirconium deposits is the difficulty
in ensuring the satisfactory quality of the resulting
commercial concentrates. One of the reasons for the
low quality of concentrates is the presence of new-
ly formed films of limonite, kaolin and other exoge-
nous minerals on zircon, ilmenite and rutile grains.
This problem needs to be solved through the deve-
lopment and application of new technologies for the
enrichment of concentrates, which will increase the
economic efficiency of the development of Russian
alluvial deposits.

The creation of foreign joint ventures for the ex-
traction of zirconium and titanium raw materials in
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Vietnam and South Africa for subsequent supplies
of the extracted raw materials to Russia is possible.
However, the influence of the time factor arises in
coordination with the commissioning of new national
production of zirconium and titanium raw materials.
Nevertheless, the issue remains relevant, and the im-
plementation of these projects should be aimed not
only at Russian demand for this raw material, but also
at world markets.

The emerging trend of reducing import depen-
dence on zirconium raw materials, and in the future
its elimination will allow the consumption of zircon
and zirconium oxides to be increased in the most ca-
pacious direction of their use: dampening the glaze
of ceramic tiles. The presence of an independent and
sufficient national mining base of zirconium raw ma-
terials will allow the development of the Russian pro-
duction of metal zirconium, zirconium refractory and
abrasive products, solid fuel energy cells and other
zirconium-containing applications.
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