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Table 1 Comparison of performance, application, advantages and disadvantages of main power battery (Zhang et al., 2018;
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Fig.1 Battery minerals of LIBs and industrial chain
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Table 2 Supply and demand of battery minerals and proportion of China’s demand in 2023
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Fig.3 Spending on lithium, nickel, cobalt, manganese and

graphite contained in batteries of EVs sold by automakers in

September 2024 ( Data source: www.mining.com )
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Table 3 Reserves and resources of battery minerals in China and the world"
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5, UL RN R R R A B IR B b P 1 1
DT (e 45 TR AR 45, 2023) .

3.3.3 HFK
S ERELET PR R 2 1 32 Bk KAk 5E R A 3K
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EILAE . A ERE AT SR BUIR S B A S

R, WALSERVER AT IR OPRLL - AUER T IR, 22 i 2
PR T 56 AT A IS — 7 BT b IX 28 Xk —i8 B —
FRE I A KR R A H 3 75 5 22K
Bli i S 44% 3 LA 5RO A8 0 IR S k-
PR AR R E DD, M4 K Sudbury #7 K A]
fiE kR Bk 114 BBt o7 1% M (Keays and Lightfoot, 2020) .
PLAb, 4 ERIA 43 A A /0 2 10 Vg AH DO R AR | B 7 45
BT RS (B H BT 2B R AR

550 FE Y B ER A R AH EE R R A - R
RV R B3/ (AR R 1%) , B 2R LU
WA Ry F= (A 8 7= ML B 1 74.5%, o A A% Y
89.6%) , W H i 4 1| .75 3 5 H Wi AR S5 K ALVA
i R - B BRI IR 5 W AR DR AV - B - R AR
b TS P A R A TS T KA B £ Sy
T am R A (F4; 5% ,2020; Cai and
Ma, 2024).
3.3.4 @&F K

S BRAG R B P 2 32 A AR R VAR DA
Bl (AR - DO RS | 3R A TR R IS 245 % - 45 7
AU H A AR f R RN AR TR R Y Tk M (B e, —
it ot SRR A Y 90% LI Vi A AR R4
W IR B TR 01K 2 S8 A - 55 L kiR
R USSR AR BT 2 7 T 2
JE R K (BRI ) — TR R A A T fidg i 7 L3I
(FRIMAE,2021) ., BRRlisam RELSD , 1S k50 45 1%/
4576 N Z2 4 JE Ak W v ) FL A P R B2 D AN T
¥ A R, BT &Rt 52 ) i (Toro et al.,
2020),

Hh [ 4 B U s B AR T T MR TR E AL L
T AT AR AL B 6 5 HREa 70%, P iR R
JUVE N T AL R D A AR O RV T A R A
A5 T 2915%, 22 43 A T4 b R 31 5 11 A2 o Al
B RN 524 5%(%%4;Xiang et al., 2020),
3.3.5 B K

SRR R £ B UL, 0 s R R A A
A A, JIRRA D IR R A Br I (E , 2Bk it
N H 7 LR 76% , 35434 T U %) B 34 R R P 4L
WL 28 JE I BT R KR S RN 3% R A R (ML) o
2 BN DR B4 (4 5 RO A — (L3253 DA R
BRI A DL . I R IR 5 4 Bkt 1
Y 23%, Hlw 5 5 Ko (28 OS8R ER 4 5500
PER AR ) Bl KA B IR G . IR IR —
IR AR A AR LR B A3, T A ot AU A5 4K

D HIIBEAN K (R R 55,2021 5 Ali et al., 2024)

b [ e S BE T RS AL TR Y i
75% , A IR H S O S e s, B2 T T
M Al s RE R s LA T R b
PO 7 bR 5 A AR B R 2, o 24 20%,
FE A AE TP E A AR & LR R 1% (3% 45 F
FEMIRES e ,2023)

3.3.6 BEFAK

SERA BRI 4 o X SR AR R AR A
W) TR fh AR ST A PO AN RS Xl AR T 7R 4
PR B S0 A A RIS 32 0 A T4 K o
PO AL S50 R IATE BT & i b2 ke 22 ik
AR FEIAE W Rl 7 A IR CGE) BT IR R 3
TR O A SR TR R 1B e s M R —
A AR (3% ~ 6%) .« Ffili AR i AR PR A 2 B
mn iR A, S T AORSE MR TR B AR OC (5K
6 K55,2022) 5

r ] B R R O A A AR IR e
PRI AT ] A DX el 7 ot 780 flh A T 780 52 0 (5 ) 7Y
SRR IRTLAE,2021) o Hir LXK AR BT R IR
B R AT AR Y R B IR, b [ oK
Tl B LA SR Bl AR BT ALY IRk Z ,
LA AR I KT PR 8 5, B 22 Ry p /N A K
CA )T Ry /b UL, 32 A T8 i (6 45 Sun et al.,
2018),

3.3.7 BHF K

SRR R 288 A 1A KOl DT DT
U JoT A R 5 R0 AR R I8 28 R b T b K A
JOLGTAR RN RS2 5t e 2B A i RIS A, U
T B AN FE R 5 S B A DX A A LAY TR
A AL IR E LA T EL GE WA R A AT
PR v 8l R 5 BBk T W e A ) AR 2 B Y
Tayozhnoye | 28" K ; ACER WA ALA™ R T-565 DU 420
B, T 2 2 TR A RS s R i K B R —
M B IR, H Bl R A K LD IF SR (Pertsev and
Kulakovskiy, 2002; #5455 ,2017) .

T 5 - B H Emet % HH A 200" PR 0 B8 FR 5%
ANTE), e e PR AL AT R 2D UL iy DA DT AR AR i
AU 2 65% ) FIILARER 1AL (5 Lh 2 33%) 0 &
HIT LS A TEIL 35 P AR, 5 78 W 0 A1 175 9
F R R AT HOAE X AR, R T E
RN 15 A N s 1 1 7 N = N Y
(F4; THLELA,2019).
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EILAE . A ERE AT SR BUIR S B A S

4 by AT R R bR

4.1 FBESHRAL

B BE IR 7 i) T R A A Bk AT
SRAFFFEE T, R X L M A 7 R A T R B
R SR L LA 7 AR AR e B ) PT RE AR o LG, R
BT R U AT, B T A 1 VR i
DX, 4 i AT R At i AR AR LI 7 7 %

HISCH SR 1 HL L™ 7 A AR5 % Jay 5 U2 (1]
G3AT BN AT P R TR R 0 T R 2 DA
— 2, UL R R 7l B TS I A ] 1 K 2
(Kannan et al., 2025) . A& =3 [a] 43 A5 XL HT g i ™
My R, 25 AT BB s b iy s, o b
PEREIRAY A S , SV TR RRIETIRJARC TAE.
4.1.1 £2&M

S50 AR T SO IR IR (SR R A T
6 Jr) A PRAFERE , BTE AR — Be i (] Y, #h 8
KB PRANAE 5 BB RO R S8 o 4 32 B AL 5 R 1)
i K LA PRAK SR A A = R Eh I 4 4 X (e e 48
=AU S VG e L A | v [ R D) R IE
S DXl i A PR U 32 3 A T IROR ASIE P &8
R P AR 36 - SRR AR AR R R AR . (EARE
Y, AR AR ) BT I i AL TR (HE AR
HH ) T Y05 T S A Y e S R S A D (A L A
T ISR H) HR A i A AR PR A T
77 (Boafo et al., 2024),

A0 R e, kel R A a5 L T Gk
75% , 35 St HE I B 5% 5 400 e A 55 DX A BT 7% L =
FLHE S~ 3 21 LA B 30 RS K~ 1 33 4 Y 7R
M, 5 BATSE U5 A A 4200 . DESRR W, A8 v [E 75
v D e O 7 M S LY A R T I R R 1 14k A AR
KT TR A5 | IRAE s A AL i 8 R b 4k
| T 0 AL Gk 9§ (Zheng et al., 2016) . i 7F
Emet—Hisarcik 7% HiaF 17 49 Hb 2K Ak 22 F 58 0] ¢ B i
TR H B BN N PR ) A 16 73 50 A i 5, R
7 DXl 35K A 2 3 A 119 2o AR v n] DL RO T e il
S B IX I (Ozkul et al., 2017)
4.1.2 R&A&A

FR AN R R R, LA A
DA Ry rpLs 1o S0 R SR A T i — 2D B R T A

il /0 WL ST R 7 T A A B A
L7 N2 e S N PR U A 5 < I I B T S A B
Y DL H A 4 (Ui /88 ) o E SR e R

PRAL T LA Ay 53— T i o il B 5 R 4R B A

SRR BRI 2L LRV 2 5 70%
{H A BR LT 4 RUBLAT 7= B 3 T S B 1 Y 40%
Bl =5 i 57 B Ak L e I R R T Ok D R
8 £E 7 B AR FEAR T 0 HEAL BRI E AL ER B R
TRAW B DT IR B R R A AR 1) 21+ AU R
WU . 28 P 1 AT Ml X LT R BRATTE
AR FREE , 2 5 v 5 s A e PR 21 4 Y
PRSI AT I R DX, A4 A e RV S R
WAL AR, i 2R B2 e TEARE . T e i
T L 3 DX R B e SR IR I E R R U PG A
Ry [ K (R4, 20130

il ¢ IR X BUA AR AT v T 3R
Y Fe 8 R P A R AR | L A A K HLAR Y
IR S S . A, 2020 AF R R P
Y Carletonville—Ventersdorp Hi [X. £ 15 T Hr A 56 47
IR 5 BRIV PaAL &R 11 Qakover I H F 2023 4- 438
F18) 5 R 3 W HC 4] AR Bk 9% U 4 T 3K 105.8 Mt
B R SEAIE S , 7E RS Kaapvaal Sefi K F
V. Pilbara 5e 4 38 B ATT Y FA MR A e IR AL 4
B RAH: 1 (Pharoe et al., 20205 ZERLIR%E,2021).,

YR SETT R IS BRER 25 /45 7 AR, LA A WIS
Bl VB R R AT TR SO X 7 i Y R LA
Hh, EHE AR 71% HAR R D WA B R &R %
o JEgEit, 2021 AR A BREG RS VB R B2
250077 t.2.8421.80. 742 t( & m i) X LA R
VU B RE VR A5 I T 1 A 45 78 B i i PTG 0
30000 12 t, H 5 B VBRI ES E A R 26.9% .
0.24% F1 1.2% , HLRT 5 B2 U O it 00 8+ = 80
£ (Parianos et al., 2021) . H i & FF & iy E#R5 5
F B F AR AR FE 1Y CCZ XS AR 1 LA X
S X A T IR 114 3l A B 220 ) IX A B
A R A FR 5 T 9 B 5 s, FE AL UK VE R
M T EE G ALY T K (Peterson et al., 2016;
Sahlstrom et al., 2023) . Ay Y4 &R 2], 1A L™
aie S ony EETIPUNIUIN & SO RERE e/ NI -2 A
W A A BRI IR LN 1) — R E R IR
4.1.3 &%

FI 2010 4FBE 1% A FTPU A7 X PRI 29 500121
BRI, R i BRI AR S . AR,
Norge Mining T 2018 45 73 78 # j&k Rogaland }b [X &
BT E KRR BEST IR, 45 PR 9 IR & 738 70012 t
(Ihlen et al., 2014; www. mining—technology. com) .
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2026 4F

ARV T R AT A B A 2 mT U A 1 A B 4 B
IR R Be e T 2 )= 2

Vi St ALl = A S i = ) K, 2024 4F [
B WS VR R LA 33.6, 171 55 [ 140 Ml 6 YR i >R L )
50, P E AR LA AR T FOF 2418 (336) o itk
e BE 2 AL G i o R A B i B L BEE
KA TF R AT T H A o, 1 Ab AR R0 2R i A o
TR ] PR B 11 0 B 7 i 1) 4 T
D78 AR B I 25 25 44 PO RS b SE AR
M AR AL AR A% (R R & 45 ,2021)

4.1.4 &%

A1 55 1 AT VR 5 4 3 1 2 R b 2 8 ik T
REVIAC, I 2 A7 Tl 2728 A 2 1% b
J2 5 5 A R e b 2 s A AR, L
VAR AEM AR GHR W SR D
RN A ) (R AL ES (3R 2% 8 | By 45 ] )
Bl SE PRS2 BB IR (145 2 BR A B fiff
il (Roshanak et al., 2021 ; 7§ K%, 2022 ; Loukola—
Ruskeeniemi et al., 2023),

4.2 FEFAHEAR

3 e A i A PR 2SR (i 7K U A L -
B MRS R R M T EAER GE F AR
AT AT S, B i X MR AT XEREST BT AR
TR BRI A R R kR AR TS Y ARRBAE AR AAS |
BRI N AR B BB 32D Al S A 1 Y
PR
4.2.1 428&

R HLAS AN X B ) BRI K FE AR
FEARVEAT AT, T s o) oAt 1 2k 280 A + 7
IR TF LA R TP JRWT 5 . AR B i W B i
127 AE T BRI AR IR K R 1K — e 5 X 1 B
DI A 7 T2 AR T 2 5 T 7 R R
T DD I R AR PR B D T AR R . 3T H A
AR IR | BB 8 A A 25 ol ol 7K A DR 1) 4
T AR A e A i R ] A AR B T
DL AL 2 AR BOGER 15) p ZK rh ER BE  R TAS
[ T 2 1 42 BUSCR (Nikkhah et al., 20245 Li et al.,
2025) . Fh AW IR B ETA R PR T IR IR R e T e
PRSI e, A7 6 7 15 1) BE A ANS G [ (Xie et
al., 2024) . X} EE ZIRUELGT IR 14 A ROR FH AT DL R
I e SRR I b KT R AR, I 7] 25 B AT X Bt 2 7R 441
WA | bk fo ik BE R

BU A, 78 $E 2 FF S 8 R B ) 4 0 7 8 30 1 7K

70

HIW™ R (4N Atacama Fl Uyuni) L K FEIR 4V Jadar 73
MBS A7 BT PR B R v, e R A B ok IR T 2
J AT B PR G FIK 5 7] BEE 32 M SR B $HIE | LA K%
BUMEAERIA R o 9 T efipix —[n)dl, BUR ATl
ity 2R B e LA A TR T 2 ARAIE 5] 24 5
A R AL — 5 0SB 57 B Ml 2T | ] B 43 ¢ ek
W K i Al % Jifi (Stojan et al., 20235 Carpanese et
al., 2025; Souza et al., 2025) .

i GG b 57 B R R0 R BRI R I R 4
P NSED a1 RS T IS DN 7= e = DA
TR B BURAE 57 B B RAFD £ i L HAR 4, b
BT 5T H bn e o AR Gl DL AN S TR
AR R CAnBI ™) , B2 JC IR T A R TR 36 1
IR . WF5E 3R] T an iR B3k 05 kb &
Yy M SRAL & W i R AR I 1T AR R 8 B 7K
R B A 0 I, M2 Tk I P T T e (O
45 ,2018) .
4.2.2 4E&H&E

RN AR AU IS 2k R 25 R /45 5 TF R AR . BT
W IR I R LU ISR 4 5 R0 Hlds NN
F L NBAAFTE LS by 52 B 52 2% 1 I M TE FUK AR P45 52
e TR B A7 AN 3 Hin 22 96 T R S ) 03 B
LA 6 A S8 OC B[R]t , 75 SR 75 SR HEBOR BOG LA A
Dl RGP P AR

ARl R T A S B R E AR R AR
P, U B L R A P B R R R R
] B e 7 CAn e/ ) IR HERIVE RS o LA AL ] Sy 38
WA A T OCR B R R EOR S
TR TT S8, 3B 250 AR I LiNi, g Mng 456Aly 06,0,
LA K ) FE 5 AR B B LN s Ming  Ziy 050, %5 o TE4
AR R 5 0 AT LAl /D 7 i v il 1) o, G2
B HETE O A (R HE 55,2022 32 B 55, 2024)

FRELHMEGE IR HOR I A e 5 BB o X4l VBRI
PRl R E TR T 2%, KA RS &5
I AR A A, K 10 45 S U A T 5 4 R
A E R . X TR el R BE
X HE B RE R b, I A ORI T H b i B A R A
R SCHE R 6 TREE T, AR T PR 2R A K
2 i 1 TC A AL B Ak ik . Ak AR R
PP iR (ot ) 5558 2 e 1 AR 1 JE vk S BLOR MUAR T
A B PR — 0 4R on] AT M 2 O
(Dehaine et al., 2021; Zhang et al., 2025)

SRR b AR AR T TR AR G ROR
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EILAE . A ERE AT SR BUIR S B A S

FINE o3 D ] 1 — 2 i o R 0 5 v 24 v [ A
BRAT AR . UK A 5 MEE R AT Y 1R R
FoAR AT S G I TR & LOR ) B 4 24 Y
BRI . LEAbTds AT BT DS S RE R v
A R R RS BOR 25 Al R
% R Re T (BRI A 2R T R R R AR —
Tt B8 S0 A R0 L 28 55 19 4 365 X R4 7 14 77 75 (Liu et
al., 2019).

4.2.3 B

AR LR B TR AR R AR
HOR AT F A R0 o A AN R U T AR AR T
Bt A PR S 20 A o Bl O WA X SR
PFERFA, K RZAT RiE T2, MR w0 Rt
B2, B0 RNR o . HATHRAN B IER Ty ik 2 8L
FVRVE B RETE A LRI ) BRE AT I AT X AN
Tvi] g A A R B 22 T A B ) O A B R 1 2
AR & 719 (Sajid et al., 2022),

ULk, BB T R KON TR T 7 A ) [ 25 K 574
(EZ R BeaF ) BRI R KK
SO PR TG Yo T AR AN T TR
SR RTINS [ A g
TP A B0 F A A 34, SERRE 0 in 128 7= P 4T
I BRI S D HETL
4.2.4 5%

A i S A 38 1) T 2K 1) P R 2% e o 1 B
Y5 i AR A Bl ] RS R A L
T A AR Al R AR S WA A
A 55 1 07 400 AN B e o SR T AR A A AR
() FF 2 ) FATS T I B R AT A4 e sl gk AN BR 05%
15 YL 5 207 R A BRAER L 75 2 BUR Ak FIRHF LAY
B S [R] 4% 7, i o A0 A7 A 88 ORI Y AR L
FILH
4.3 ZREBEZSHA

LA B i T i 2O 8~ 104F, Tiii
#2030 4F ks 2= 4= 1100 77 5 1H A e 3l J2 1H 24 e,
T 1Y £ BRI R 45 e UG K (Ren et al., 2024)
5 TR b, it 1 T oS — 0 FH e R O AR AU Sk i T B
a5 e [ R+ 0L Sl v A E LT B T A
PR R, X R AR R WSOR B TH fE s v 9 64} AT
DAt — 25 25 fif e s i 7= (R IR 0 g o SR, R TH R
Pt P9 SR T G A AR B A+ S A AR
JE B XUES: 55 — R 51 Bk 1 (Azadnia et al., 2021;
Feng et al., 2025). i1, A B & J& J5 1) N A - Jin

SR AR BLAS = DGR AKTS Y IS AR BT 5 35 K
b [T 5 1) B LA R 3 28 T IOUR A 5 A ST AR FE VA
FBUR WA I DA &R
4.3.1 ERMAE, . KA

PR Bl AR R ISR R R R OGRS i
TR AR R SRR A S R T R b R [ )
FHER . ARIETRI , 2] 2050 4F , A0 R BRE 46 B
4 Ja [P B 5k AT 3K 12.9~14.5 J7 148.6~11.8 J7 t Fll
45.0~64.5 T3 t, TE A [a) 4 R g 4 AT BUG 2
35%~53% . 44%~91% . 31%~46% M) 4 7 2R ()
85,2024) . HHET, % IE MR GBI KRR
P RIR R L H A AR A AR R A
AR 35 1 AR IR L B AT LIS 2
RS Be ST B AR B A i b= D S IR AR
1k (Mohanty et al., 2021)« AHACTHE Bh R, 5L AU HT
H3AIC , FLARIE 75 A BT Ni* AP S Mn* %5 %) [R] 1
TUVE o A BN PR &, PR (Rl RE X AS 32 A 5 75
B MR 8 A AR AS ) A3 S B R
P 15 1 1 ekt P B ORI

B H AR B NE AT Rl DR (2 a2 e Sl [ A ol
BB, Chen et al. (2023) N 28 42 B-#3 A  FH
FHI P E B 1Y BT, 7EARAIE T ~98% A B 4 B 4
[ 3 1) [ B BB FE R AR 22 ~234k Whit, 2 25k /D
THREVEAUTNFE . Wang et al. (2025) {ii ] NO, 3 11 H,
2575 B Ab BE R 37 LIBs , 3459 T ~97% B 2R i % |
I i LINO, LA K-35 B b B 1k 15 TH B AR AR AR Y
66Wh FLEE , SEEE 1 W] 25 T 5 Ak Ak B TH H Al F0 T
W ES .
4.3.2 ARMHEE

R e R PN AR | A 58 5% U A2 1 B4R
o VBN B i) 12 B Soobs Ak, 21 7 itk
FhfT BB R L AT K 12%~21%, {H H T LA AR
Sk A SRR AR T R . R R
A T B4 [l AL AR I 8 ST 5 35 1 SR R Ak T i
T NOCTE A S AR B I G e EROR I R R, D
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Current Situation of Global Lithium—Ion Battery Mineral Resources and Resource Security of the Battery

Industry Chain

SHI Chunyuan'?, ZHANG Wanyi*, WANG Fengxiang'*, CHEN Gang*, HU Yalu®, YUAN Jianguo’, LIU Jiangtao’, WANG Lei',
WANG Shigi', YANG Yang'
(1. Hebei Key Laboratory of Strategic Critical Mineral Resources, Hebei GEO University, Shijiazhuang , Hebei 050031 2.
Development Research Center, China Geological Survey, Beijing 1000373 3. [nner Mongolia Key Laboratory of Magmatic
Mineralization and Ore-Prospecting , Geological Survey Institute of Inner Mongolia', Hohhot, Inner Mongolia 010020; 4.
Geological Research Institute of Xinjiang Uygur Autonomous Region , Urumgi, Xinjiang 830000)

Abstract: Battery material minerals (hereafter referred to as "battery minerals") are part of the newly defined critical minerals for new energy
internationally. They encompass the core minerals required. in the manufacturing process of lithium—ion batteries, which primarily involve metallic
minerals such as lithium, cobalt, nickel, and manganese, as well as non—metallic minerals like phosphorus, boron, and graphite. Starting from the
resource distribution, mineral endowment, and exploration potential of battery minerals; this paper analyzes the consumption trends and supply—demand
patterns based on supply and demand data, and proposes rationalized suggestions for ensuring the secure and stable supply of battery minerals. The
research indicates: (1) The overall reserves of battery minerals are abundant, buat their spatial distribution is uneven. (2) The global supply side of battery
minerals exhibits trends of scarcity, concentration, and dispersion. The largest supplying countries are Australia (37% of lithium supply), the Democratic
Republic of the Congo (76% of cobalt supply), Indonesia (59% of nickel supply), South Africa (37% of manganese supply), China (46% of phosphorus
supply and 79% of graphite supply),‘and Turkey (74% of boron supply). China faces a situation where the total demand for battery minerals is high
(accounting for over 50% of global demand for all except boron) but proven resource reserves are limited. Furthermore, China's external dependence is
high (exceeding 80% for cobalt, nickel, and manganese), and-its supply channels are relatively concentrated (99% of cobalt imports come from the
Democratic Republic of the Congo). (3) The genetic types of global battery mineral deposits and the main supply types are diverse. In contrast, the
genetic types of battery mineral deposits in China are relatively singular, and its primary supply types differ from the global pattern. (4) As the demand
for battery minerals continues to rise, measures such as intensifying mineral exploration, securing the global supply system, improving development and
utilization technologies, and encouraging resource recycling are urgently needed.

Key words: lithium—ion battery, battery minerals, critical minerals, industrial chain, supply and demand status
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