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Antimony is a type of critical metal for the energy transition. The antimony

industry chain is distributed among the major developed and developing

countries around the world. With the development of clean energy

technology, the demand for antimony in photovoltaic and energy storage

fields will increase significantly. Considering the significant changes in the

global demand for antimony products and the serious supply shortage,

people should pay more attention to the supply risk of related products of

the antimony industry chain. In this paper, we propose a new integrated index to

evaluate the supply risk of antimony industry chain related products, including

Herfindahl Hirschman index, global governance index, human development

index, global innovation index, and betweenness centrality in complex

networks. Meanwhile, seven commodities in the antimony industry chain are

selected for empirical analysis from 2011 to 2019. The results show that

countries with high supply risks of the industry chain upstream include

Canada, France, Germany, India, Japan, Thailand, and the United Kingdom.

And, Australia, India, Japan, Thailand, and Vietnam are with high supply risks in

the midstream of the industry chain. Meanwhile, Canada, India, Japan, and

Thailand are with high downstream supply risks. Some countries, like China, the

United States, and Germany, play a core role in different sectors of the industry

chain. International competitive relations of countries have caused a high

supply risk of products related to the antimony industry chain. The supply

risk of the antimony industry chain shows that countries must strengthen

industrial division and cooperation to maximize their interests. It is

suggested to take the country-specific measures to mitigate supply risks,

including establishing national inventories of critical materials, overseas

investment, strengthening the guidance of industrial policies, and

accelerating infrastructure construction.
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1 Introduction

Antimony is a non-renewable and valuable mineral with a

wide range of industrial applications. Antimony is mostly used in

the production of fire retardants, of which 20% is used in the

manufacture of alloy materials, sliding bearings, and welding

agents in batteries. Antimony also has many other uses. For

example, antimony can form alloys with lead for various

purposes, and the formed alloys are much higher in hardness

and mechanical strength than antimony. Antimony can be used

to make stabilizers and catalysts, as well as clarifiers. Antimony

acetate can be used as a catalyst in the chemical fiber industry,

and antimony chloride can be used in medicine. High purity

antimony can be widely used in high-tech industries to produce

semiconductors, far-infrared devices, and electric heating

devices.

The unbalanced geographical distribution of antimony

resources leads to differences in antimony resource types and

reserves for different countries/regions. Specifically, the political

instability and insufficient economic and social conditions in

some mining countries pose a potential threat to antimony

supply. In addition to political, economic and social factors,

the technical impact on mining and metallurgical processes has

also attracted more public attention. All these factors threaten the

supply of related products of the antimony industry chain.

Therefore, it is necessary to evaluate the supply risk of

antimony industry chain related products.

Previous studies have focused on the criticality and supply

risks of key metals, such as the reports from the United States

National Research Council (Committee On Earth Council, 2008)

and the US Department of energy, the assessment issued by Yale

University and the EU study (Graedel and Nassar, 2015; Nuss

et al., 2016). These studies define the metal supply risk based on

various factors, such as consumption time based on production

and reserves, recovery rate, market balance, substitutability, etc.,

These studies are mainly based on four main factors, namely

geological availability, mining governance and policy stability,

global market concentration and environmental sustainability.

However, as far as we know, the international trade and

supply risks of related products of the antimony industry chain

have received little attention so far. Most of the existing antimony

research mainly focuses on the recycling of secondary antimony

(Chancerel et al., 2013; Dupont et al., 2016; Anderson et al., 2019)

and antimony substitutes (Henckens et al., 2016; Liu and Qiu,

2018). Some scholars have studied the trade flow of antimony ore

in some specific countries.Chu et al. (2019) measured the import

and export of antimony ore in China from 2006 to 2016. Adopt a

complex network method to quantitatively analyze the evolution

of international antimony ores trade patterns from 1993 to 2019.

We have not found any scholars that have studied

international trade and supply risks of related products in the

antimony industry chain. We believe that the two main reasons

may have led to the neglect of trade in products related to the

antimony industry chain in the past. One reason is that antimony

is far less valued than other key metals (such as lithium, cobalt,

nickel, and rare Earth) before it is widely used in clean energy.

Another reason is that China has been the world’s Antimony

mining center for decades, accounting for more than half of the

world’s antimony production during the research period.

However, these two situations have changed in the past

decade. Antimony is becoming a clean energy metal, which

has a wide application prospect in solar photovoltaic power

generation and solar cells. With the decline of domestic

antimony ore production, China’s import volume is also

rising. Therefore, it is necessary to study international trade

and supply risks of related products in the antimony industry

chain.

The existing research has laid a solid foundation for

analyzing the opportunities and challenges of the future

development of the antimony industry. However, there is a

lack of quantitative analysis of the trade status and supply

risks of related products in the antimony industry chain. For

important mineral resources with complex industry chains,

supply risks should be comprehensively identified in the

whole antimony industry chain. In the face of the current

situation of rapid development of technology and industry,

such an assessment becomes more important for those

countries that hope to gain a firm foothold in the global

antimony market in the future. To fill this research gap, this

study quantitatively describes the current situation of the global

antimony industry chain, systematically identifies the supply

risks of related products in the antimony industry chain, and

evaluates the import structure and risks of antimony-related

products in 12 countries including Japan, China, and the

United States from 2011 to 2019. The results show that there

are significant supply risks in the global antimony industry chain,

especially in the upstream antimony ore. This study has an in-

depth understanding of the supply risk of commodities in the

antimony industry chain. The full text is divided into five parts.

After the introduction, these methods will be introduced in the

next section. Then, it analyzes the current situation of the

antimony industry chain and the supply risk of key

commodities. On this basis, relevant policy

recommendations are put forward. The last section

summarizes the whole study.

2 Method and data

2.1 System definition

Given the high degree of globalization of the antimony

industry chain, this study selects 12 countries accounting for

80% of the global antimony product trade volume as the spatial

boundary, and they are all major participants in the global

antimony industry chain. The time boundary is set from
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2011 to 2019. This period was chosen to reflect the latest state of

the antimony industry chain.

The main processes in the antimony industry chain are

shown in Figure 1. The industry chain can be divided into

three main stages, namely antimony raw ore (upstream),

antimony intermediate products (midstream), and antimony

terminal products (downstream). In the upstream stage,

Stibnite is the main source of antimony, and antimony mainly

exists in Stibnite in nature. In the midstream stage, Antimony

oxide is the main intermediate product of antimony. For the

downstream stage, Pb-Sb alloy, lead-acid batteries, solders, fire

retardants, and metal catalysts are the end products of antimony.

The main use of antimony is to use its oxide (antimony trioxide)

in the manufacture of refractory materials. Pb-Sb alloy is

corrosion-resistant and is the preferred material for the

production of vehicle and marine battery electrode plates;

Antimony alloys with tin, aluminum, and copper have high

strength and excellent wear resistance. They are excellent

materials for manufacturing bearings, bushings, and gears.

High purity antimony and antimony metal compounds

(indium antimony, silver antimony, gallium antimony, etc.,)

are also ideal materials for the production of semiconductors

and thermoelectric devices. Among them, the antimony used in

the production of fire retardants accounts for about 60% of the

total consumption of antimony. The antimony consumed in the

manufacture of alloy materials, sliding bearings, and welding

agents in batteries accounts for about 20%, and the consumption

of the other aspects is about 20%.

2.2 Indicators

Supply risk refers to the probability of material supply

interruption. Market concentration is widely used by

economists and government regulators to describe supply risk.

The research and development of antimony resources related

technologies have a decisive impact on the supply of related

products of the entire antimony industry chain. The government

governance ability and social and economic development of the

main exporting countries have a great impact on the supply of

antimony resources. Some countries which are located in the

important position of the antimony resource trade path

controlled the supply lifeline of antimony resources.

Therefore, the supply risk of antimony industry chain related

products is analyzed from five aspects: market concentration,

government management ability, social stability, technological

innovation and trade control ability.

Market concentration. The Herfindal Hirschman index

reflects the market concentration of the industry. The index is

widely used in the market position and safety analysis of mineral

resources in individual countries (Li et al., 2021; Gamarra et al.,

2022; Xun et al., 2022; Yamamoto et al., 2022; Zhang et al., 2022).

This study uses the HHI index of the global antimony product

import (export) market to reflect the structural layout of the

corresponding market. The theoretical value of HHI is between

0 and 1. The larger the index, the higher the market

concentration. The lower the index, the lower the market

concentration. Market concentration reflects the monopoly

FIGURE 1
System definition of the antimony industry chain.
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degree of the market. Markets with high concentration are

usually dominated by a few countries, and markets with low

concentration are more competitive.

HHI � ∑
n

i�1(Si)2 (1)

where Si represents the market share of the country (region) i,

and n represents the number of trading countries (regions).

Government’s management ability. WGI is a comprehensive

indicator used to measure the six dimensions of governance of

more than 200 countries and regions from 1996 to 2018,

including Voice and Accountability (VA), Political Stability

and Absence of Violence (PV), Government Effectiveness

(GE), Regulatory Quality (RQ), Rule of Law and Control of

Corruption (RC) (Henri, 2019; Gamarra et al., 2022). The range

of all sub-indicators is from −2.5 (bad governance performance)

to 2.5 (good governance performance). In these dimensions, PV

has a significant correlation with the stability of the supply

structure. For demonstration purposes, scale this value to

0e1 using Eq. 2.

WGIscale � 0.2 × WGI + 0.5 (2)

Social stability. The social and economic development of

antimony exporting countries (importing countries) affects the

global supply of antimony products. The human development

index (HDI) released by the United Nations Development

Programme is a widely accepted standard to measure the

social and economic development of countries since 1990. We

calculate the social stability level of global antimony product

supply according to the human development index of major

exporting (importing) countries (Ebrahimi Salari et al., 2022;

Zheng and Wang, 2022).

Technological innovation. Technological progress has a

positive impact on the supply of antimony, especially the

recovery and reuse technology of antimony. The global

innovation index (GII) is an annual ranking jointly

established by the world intellectual property organization,

Cornell University, and the European School of business

administration in 2007. It measures the performance of more

than 120 economies in the world in innovation capacity (Hu

et al., 2022; Jahanger et al., 2022; Kamguia et al., 2022; Lee and

Wang, 2022). We use GII to measure the level of technological

innovation in various countries. This indicator ranges from 0 to

100. For demonstration purposes, scale this value to 0e1 using

Eq. 3.

GIIscale � 0.01 × GII (3)

Trade control. The control of each country (region) over

cobalt resources is not only reflected on the terminal countries

(regions) of resource flow, but also in the countries (regions) on

the resource flow path that have an important impact on the

overall material flow. Therefore, this study uses the betweenness

centrality in complex networks to measure the trade control

power of a country (region). Betweenness centrality refers to the

number of shortest paths through a specified node (Chen et al.,

2018; Wang et al., 2019; Chen et al., 2020; Chen et al., 2021;

Zhang et al., 2021; Zheng et al., 2022). The higher the

betweenness centrality is, the stronger the node’s control over

the whole network is (Dong et al., 2020; Liang et al., 2020; Liu

et al., 2020; Liu et al., 2022). The variable gjk represents the

number of shortest paths between country j and country k, and

gjk(i) represents the number of shortest paths between country j

and country k through country i. Variable BCi is the betweenness

centrality of country i. The calculation method is as follows:

BCi � ∑
j< k

gjk(i)
gjk

(4)

The supply risk index (SRI) measures the relative

interruption probability of different import combinations in a

country, which is calculated by Eq. 5 (Xun et al., 2021). The index

takes into account not only the import dependence and trade

impact of the country, but also the political and technological

environment of different importing countries. The higher the

SRI, the higher the identifiable supply risk.

SRIi � HHIi*(1 −WGIi,scale*HDIi*GIIi,scale)*(1 − BCi) (5)

where SRIiis national trade risk index for country i.

2.3 Data sources

The data of this study is the trade data of products related to

the antimony industry chain. Trade data comes from the United

Nations commodity trade statistics database. Trade data include

all import and export flows between countries and regions within

the system boundary, and the unit of the trade volume is the

kilogram.

Based on the three stages of the antimony industry chain,

this study selected seven antimony-containing commodity

trade volumes in 2011, 2013, 2015, 2017, and 2019. The

upstream includes antimony ore (AO). Antimony in the

TABLE 1 International trade of commodities in the antimony industry
chain.

Commodity Quantity unit Customs code

Antimony ore (AO) kilograms 261710

Antimony oxide (AOX) kilograms 282580

Pb-Sb alloy (PSA) kilograms 780191

Lead-acid batteries (LAB) kilograms 850710

Solders (SO) kilograms 381090

Fire retardants (FR) kilograms 291990

Metal catalysts (MC) kilograms 381512
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middle reaches mainly exists in the form of an oxide (AOX).

Downstream antimony-containing products include Pb-Sb

alloy (PSA), lead-acid batteries (LAB), solders (SO), fire

retardants (FR), and metal catalysts (MC). According to the

HS code of commodities, these commodities are further

divided into three categories: minerals, chemicals, and

final products. The corresponding HS code is shown in

Table 1.

3 Results

3.1 Analysis of supply structure of global
antimony industry chain

The supply structure of key commodities in the global

antimony industry chain from 2011 to 2019 is shown in

Figure 2. In the upstream stage, due to the continuous

fluctuation of Australian AO production, the supply structure

of AO has also changed greatly in the past 9 years.

In the midstream stage, the supply structure of AOX has not

changed significantly from 2011 to 2019. The main supplier is

China. Due to the rapid growth of China’s production, China has

become a major source of AOX imports for all countries in the

world.

In the downstream stage, the supply structure of LAB and SO

has not changed significantly from 2011 to 2019. The main

suppliers of PSA have changed greatly from 2011 to 2019, and

their supply structure has been adjusted accordingly. From

2011 to 2019, the supply of FR in China maintained a steady

growth. As for MC, the United States and Germany continue to

maintain a high market share.

3.2 Supply risks in the antimony industry
chain for representative countries

Figure 3 shows the import structure and risks of Germany,

France, Italy and United Kingdom from 2011 to 2019. Germany,

France, Italy and United Kingdom belong to European countries

with similar economic environment and government system.

The import structure and supply risk of antimony industry chain

related products are similar.

As far as Germany is concerned, in all stages of the antimony

industry chain, there is a supply risk for commodities in the

upstream stage. From 2011 to 2019, more than 88% of AO was

imported from a single country, resulting in a high SRI. The

supply risk of commodities in the middle and lower reaches is

low and relatively stable. The SRI of AOX, FR, and MC are all

maintained at about 0.15, while the SRI of PSA, LAB and the SO

is relatively low, only about 0.07.

In the antimony industry chain of France, the supply risk,

mainly exists in the upstream stage. The import structure of AO

is relatively concentrated, and more than 60% of AO is imported

from a single country, which leads to a high SRI. In the middle

and lower reaches stage, the import structure remained relatively

stable from 2011 to 2019, and the import share fluctuated slightly.

The SRI of PSA, SO and MC increased in fluctuation. The SRI of

PSA and FR decreased slightly. The supply risk of LAB is

relatively low and stable, and there is little change in SRI

value from 2011 to 2019.

In Italy’s antimony industry chain, supply risks mainly exist

in the upstream stage. The import structure of AO is centralized,

and more than 70% of AO is imported from a single country. In

the middle and downstream stages, the supply risk of each

commodity is relatively low. From 2011 to 2019, the supply

FIGURE 2
Supply structure in the global antimony industry chain.
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risk of AOX, LAB, FR, and MC is relatively stable. The SRI of

AOX, LAB, FRs, and MC is about 0.18, 0.09, 0.17, and

0.23 respectively. The supply risk of PSA and SO in the

downstream stage is rising in fluctuation. From 2011 to 2019,

the SRI of PSA increased from 0.15 to 0.22, and the SRI of SO

increased from 0.22 to 0.27.

In the UK’s antimony industry, from 2011 to 2019, supply

risks mainly lie in commodities in the upstream stage, PSA, and

MC on the downstream stage. In the upstream stage, the import

structure of AO is relatively concentrated, and the import share is

constantly changing, resulting in SRI fluctuations at a high level.

The supply risk of AOX in the midstream stage gradually

increased due to the gradual reduction of import sources, and

the SRI increased from 0.11 in 2011 to 0.25 in 2019. In the

downstream stage, the import structure of PSA and MC is

constantly changing, the SRI of PSA remains relatively stable

in fluctuations, and the SRI of MC rises in fluctuations. The

supply risk of LAB and SO in the downstream stage from 2011 to

2019 is relatively stable. The import structure of the FR has

gradually changed from centralized to decentralized, resulting in

a decrease in SRI from 0.25 in 2011 to 0.19 in 2019.

Figure 4 shows the import structure and risks of Australia,

Canada, and the United States from 2011 to 2019. For Australia,

Canada, and the United States, the whole antimony industry

chain is relatively complete, but the supply risk of AO, AOX, and

FR is relatively high.

In Australia’s antimony industry chain, supply risks mainly

exist in commodities in the upstream and midstream stages and

PSA in the downstream stage. By weight, most AO is imported

from a single country, resulting in a high SRI of more than 0.6. As

the main producer of AO is China, the vast majority of AO is

imported from China, resulting in a high SRI. From 2015 to 2019,

the import mix of PSA changed, and the import share from

Thailand decreased by about 15%. The less centralized import

structure has reduced SRI by 14% in these 3 years. Due to the

relatively stable import structure and import share, the SRI of

LAB and SO does not fluctuate much. From 2011 to 2019, the

share of FR imported from China increased by about 10%, which

led to a small increase in SRI. As the import structure of MC

changed in 2019, the import sources decreased, and Japan

became the main import source country, resulting in a sharp

rise in SRI.

As far as Canada is concerned, in all stages of the antimony

industry chain, there are supply risks for commodities in the

upstream stage and PSA in the downstream stage. In the

upstream stage, the supply structure of AO is the most

concentrated. Since 2013, more than 80% of AO has been

imported from a single country, which leads to higher supply

risks. Due to the fluctuation of supply share, the SRI of AO first

decreased by 15% from 2013 to 2019, and then rose to a higher

level. The supply risk of PSA is similar. Due to the change of

import structure, SRI first fell sharply, then rose sharply and

FIGURE 3
Import structures and risks of key commodities in the antimony industry chain in Germany, France, Italy and United Kingdom.
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remained at a high level. Due to the fluctuation of import share,

the SRI of LAB and MC are also fluctuating. In the middle and

downstream stages, the supply risk of AO, SO and FR is

significantly lower than that of upstream commodities.

As far as the United States is concerned, in all stages of the

antimony industry chain, there are supply risks for

commodities in the upstream and midstream stages, PSA

and FR in the downstream stage. In the upstream and

midstream stages, the import structure and import share

have been changed from 2011 to 2019, resulting in the

supply risk of AO and AOX also fluctuating. The import

sources of PSA in the downstream stage are relatively

concentrated, and SRI is also constantly fluctuating due to

the changing import share. In the downstream stage, the

share of FR imported from China continues to rise, with

about 65% of FR imported from China, resulting in SRI

rising from 0.27 in 2011 to 0.48 in 2019. The import

structure of LAB and MC has gradually changed from

centralized to decentralized, and the supply risk has

gradually decreased. The import source and structure of SO

remain relatively stable, and the SRI remains around 0.09.

Figure 5 shows the import structure and risks of Japan, India,

and Thailand from 2011 to 2019. For Japan, India, and Thailand,

the domestic antimony industry chain is weak in the upstream

and midstream stages, and the supply risk of FR is high.

As far as Japan is concerned, in all stages of the antimony industry

chain, there are supply risks for commodities in the upstream and

midstream stages, LAB and FR in the downstream stage. In the

upstream and midstream stages, from 2011 to 2019, the import

structure of AO and AOX has changed from relatively centralized to

decentralized. Although the supply risk is still relatively high, SRI has

decreased significantly. The SRI of LAB decreased slightly, from

0.39 in 2011 to 0.32 in 2019. The import sources of the FR are

relatively concentrated, mainly from China, and the import quota

gradually increased from 2011 to 2019, resulting in a doubling of SRI.

In the downstream stage, the supply risk of PSA and MC also

fluctuated due to the change in import share. The supply risk of SO

increased slightly, from 0.14 in 2011 to 0.19 in 2019.

In India, from 2011 to 2019, supply risks mainly lie in

commodities in the upstream and midstream stages, as well as

PSA and SO in the downstream stage. In the upstream stage, the

import structure of AO is relatively concentrated and the import

source is single. Due to the change in import share, SRI rises in

fluctuation, from 0.45 in 2011 to 0.65 in 2019. In the midstream

stage, the main import source of AOX is China. Due to the

fluctuation of import share, SRI first increased and then

FIGURE 4
Import structures and risks of key commodities in the antimony industry chain in Australia, Canada, and the United States.
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FIGURE 5
Import structures and risks of key commodities in the antimony industry chain for Japan, India, and Thailand.

FIGURE 6
Import structures and risks of key commodities in the antimony industry chain in Vietnam.
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decreased, rising from 0.28 in 2011 to 0.4 in 2019. The supply risk of

PSA and SO in the downstream stage changes similarly. Due to the

change in import share, SRI first increases and then decreases. In the

downstream stage, the supply risk of LAB, SO and MC is relatively

stable. The SRI of LAB decreased by 10% from 2011 to 2019, while

the SO and MC increased by about 6%.

In terms of Thailand, from 2011 to 2019, supply risks mainly

lie in commodities in the upstream and midstream stages, as well

as FRs in the downstream stage. In the upstream stage, the import

structure of AO is relatively concentrated, and more than 75% of

AO is imported from a single country, resulting in a high SRI.

Due to the change of import share in the midstream stage, the

supply risk of AOX first increased and then decreased from

2011 to 2019, and the SRI increased from 0.29 in 2011 to 0.37 in

2019. In the downstream stage, from 2011 to 2019, about 65% of

FR were imported fromChina, resulting in higher supply risks. In

the downstream stage, the SRI of LAB andMC fluctuated slightly

due to the change in import share. The import structure of PSA

has changed since 2013, with the increase of import sources and

the gradual decline of supply risk. The supply risk of SO is

relatively stable, and the SRI remains around 0.13.

Figure 6 shows the import structure and risks of Vietnam from

2011 to 2019. In Vietnam, from 2011 to 2019, supply risks mainly

focused on PSA and MC in the upstream, midstream, and

downstream stages. In the upstream stage, the import structure

of AO in 2011 was single, and the supply risk was high. Since 2013,

Thailand and Russia have become the main import sources, and the

supply risk has decreased. In the midstream stage, the SRI of AOX

first increased and then decreased due to the change in import

structure. In the downstream stage, the import structure and source

of PSA are constantly changing, resulting in the continuous

fluctuation of supply risk. In the downstream stage, the import

structure of LAB has become relatively concentrated from 2011 to

2019, with SRI rising from 0.19 in 2011 to 0.25 in 2019. The import

structure of SO and FR has gradually become decentralized,

resulting in a gradual decline in supply risk. From 2011 to 2019,

the import sources of MC gradually increased, and the import

structure gradually dispersed. Although the supply risk is still

relatively high, SRI decreased by about 40%.

Figure 7 shows the import structure and risks of China from

2011 to 2019. In China, from 2011 to 2019, supply risks were mainly

identified in LAB in the antimony industry chain. Most labs are

imported from Germany. During this period, the SRI of LAB

experienced a small fluctuation, gradually rising from 0.13 to 0.21.

In the upstream stage, the SRI of AO increased slightly to about 0.18.

The decline of AO production in China has reduced the SRI of AOX

by about half, from 0.4 in 2011 to 0.22 in 2019. In the downstream

stage, the supply risk of PSA, SO, FR and MC are relatively low.

4 Discussion

Country-specific recommendations can be made based on

the actual supply conditions of representative countries shown in

FIGURE 7
Import structures and risks of key commodities in the antimony industry chain in China.
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Figure 3. In Germany, France, Italy, and United Kingdom,

although the antimony industry chain is relatively complete

and mature, the supply risk of AO urgently needs to be

reduced. According to the EU 2020 list of key mineral

resources, antimony is regarded as a key mineral. The defense

industry and decarbonization strategies of the European Union

and the United Kingdom describe the national objectives of

promoting the development of the antimony industry. Under

the guidance of these strategies, a large number of technology

development and demonstration projects have been launched,

providing strong support for the commercialization of antimony

products. The long-term and clear development strategy has

promoted the formation of a complete antimony industry chain

in Germany, France, Italy, and the United Kingdom, making the

four countries become the world leaders in antimony-related

technologies. However, the lack of critical metal resources has

seriously affected the safety of the antimony industry chain. The

global antimony supply structure is difficult to change. The

geographical distribution of antimony is too concentrated. For

economic reasons, there is little international trade in antimony.

The effective way to reduce risks in Germany, France, and the UK

is to establish domestic inventories of refined antimony and

increase the investment of overseas antimony mining companies.

Italy can increase the mining volume of domestic antimony

mines.

For Australia, Canada, and the United States, the whole

antimony industry chain is relatively complete, but the supply

risk of AO, AOX, and FR is relatively high. Australia, Canada,

and the United States have successively listed antimony as a key

mineral. As a well-established developed country, the long-term

development strategy has promoted the formation of the

antimony industry chain. As a powerful country in science

and technology, high value-added industries gradually

dominate, while low value-added industries are gradually

eliminated, and even transferred abroad, resulting in the

imbalance in the development of the domestic antimony

industry chain. Antimony mining is closely related to the

production of AOX and FR. Usually, antimony mining

companies can take into account the mining of AO and the

production of AOX and FR. Although Australia, Canada, and the

United States are rich in antimony resources as large resource

countries, the development of this industry has been stagnant due

to the high cost of antimony mining, resulting in relatively high

supply risks of AO, AOX, and FR. The effective way to reduce

risks in Australia, Canada, and the United States is to improve

policy and financial support for antimonymining companies and

strengthen the research and development of antimony mining

and beneficiation technology.

For Japan, India, and Thailand, the domestic antimony

industry chain is weak in the upstream and midstream stages,

and the supply risk of FR is high. Japan, India, and Thailand do

not have sufficient antimony resources, resulting in the uneven

development of the antimony industry chain, and the supply risk

of AO, AOX, and FR is relatively high. The effective way to Japan,

India, and Thailand to reduce risks is to increase investment in

overseas antimony mining companies and establish a solid trade

partnership with major antimony mining countries.

For Vietnam, the whole antimony industry chain is relatively

complete, and there are supply risks in terms of MC. Vietnam has

attracted a large number of foreign-funded enterprises to invest

and build factories in its country because of cheap labor and

preferential policies for foreign investment. Many foreign-

funded enterprises have not only promoted the development

of local antimony-related technology in Vietnam, but also

established a complete antimony industry chain in Vietnam.

Due to the high technical content involved in MC, the relevant

technologies are firmly in the hands of a few countries. Moreover,

due to the vigorous development of Vietnam’s industry and

manufacturing industry, Vietnam has an increasing demand for

MC, resulting in higher supply risks. At the national level, the

government needs to strengthen the introduction of foreign

investors and increase the R&D and application of new

technologies to reduce supply risks. At the enterprise level,

increase R&D investment and establish joint ventures to

reduce supply risks.

For China, it is necessary to optimize and stabilize the whole

antimony industry chain. At present, the domestic antimony

industry chain is still in the stage of rapid development and

maintains its development momentum with the strong support

of the Chinese government. However, the production process of

some antimony products in developed countries still lags far

behind that in China. It is necessary to fully understand and

evaluate the supply risks of commodities at all stages. At the

national level, China must further establish a safe and reliable

domestic production system. The government needs to improve

the localization rate of key commodities in the antimony industry

chain, such as LAB and MC. Specific measures can be taken,

including strengthening policy support for the industry,

increasing financial support for new technology research and

development, demonstration, and application, and strengthening

infrastructure construction. At the enterprise level, relevant

manufacturers can digest, absorb, and rebuild the introduced

technology, establish joint ventures, and speed up independent

innovation to strengthen the weak nodes in the antimony

industry chain.

5 Conclusion

Antimony will be widely used in new energy vehicles and

energy storage devices and will play an important role in the

energy transition. The risk of antimony supply will have a great

impact on the energy transition. In this paper, we assess the

antimony supply risk through the industry chain. This study has

an in-depth understanding of the supply risk of commodities in

the antimony industry chain from 2011 to 2019. The results show
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that there are significant supply risks in the current antimony

industry chain. First, countries with high upstream supply risks

in the industry chain include Canada, France, Germany, India,

Japan, Thailand, and the United Kingdom. And, countries with

high supply risks in the midstream include Australia, India,

Japan, Thailand, and Vietnam. Meanwhile, countries with

high downstream supply risks include Canada, India, Japan,

and Thailand.

Some countries, like China, the United States, and Germany,

play a key core role in different sectors of the industry chain. As

different countries have advantages in different sectors of the

industry chain, it is difficult for a single country to get rid of

supply risks. The competitive advantage of the major developed

countries lies in the terminal sector, while China’s competitive

advantage lies in the upstream and middle industrial sectors. So,

countries must strengthen industrial division and cooperation to

maximize benefits. The supply risk of the industry chain will

eventually be passed on to various countries and sectors. The

governance of the antimony industry chain needs the active

participation and open cooperation of governments all over the

world. Establishing an open and cooperative trade environment is

the best way to reduce the supply risk of antimony industry chain.
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