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Abstract: Platinum group metals (PGMs) are strategic critical minerals characterized by their scarcity

in China and significant global concentration. Ensuring the security of PGMs resources in China

presents a critical and complex challenge. This paper adopts a cyclical perspective, encompassing both

underground and above-ground resources, to examine the intricate global industrial chain of PGMs.

Through an analysis of geological endowment, industrial applications, and financial attributes, the

research identifies key sensitive factors and explores the influence of resource policies, technological

advancements, and investment markets on the global PGMs industrial network. The findings indicate

that the underground resources of PGMs are highly concentrated and limited, with above-ground

resources dominated by a few entities, highlighting a clear oligopolistic control. The industrial value of

PGMs extends through the transition from underground resources to urban minerals, creating a vast and

complex industrial network. However, the concentration of urban minerals also facilitates the recycling

of platinum-containing waste. In the financial sector, PGMs prices exhibit notable volatility during their

transition from above-ground resources to trading platforms, driven primarily by the persistent tight

balance between supply and demand. Future exploration and development of underground resources of

PGMs will likely focus on new geological formations and metallogenic theories, while the economic

efficiency of recycling above-ground resources will require not only engineering solutions, but also on

the green process of resource recycling and the management of urban mineral wastes. Overall, the

unique physical and chemical properties of PGMs, coupled with their diverse application scenarios,

underscore the importance of both resource exploration and recycling for sustaining industrial growth.

The study stressing that in addition to improving the management of urban minerals and the recycling of

resources, it should also need to shift focus from solely underground resources to also prioritizing the

recycling of above-ground resources, thereby addressing and overcoming the oligopolistic control

exerted over the PGMs global industrial chain, often referred to as the “cocoon effect”.
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Fig. 1 Typical structure of complex network of industrial chains
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Fig. 2 Elemental life cycle of platinum group metals
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Fig.3 Major platinum group metal deposits globally distributed in the Craton Region
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Table 2 Global major platinum group metals mineral resource enterprises
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Table 3 Overview of supply and demand for global platinum group metals
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Table 4 Intermediate products of platinum group metals

K WA Hik% 4 HS G 5
lE R PR AT R R L B AT ORIE RS TR R A B S, MRS R T R R 711011 47 (A #2350 AR

KA A R B K B A 2% B B G T R 4 23 R OR 9 — Bl o ]
ik o 40 RE B BRI B B B R, B T TR AR L FL T Tl AR AR
RS R, S AR R T R, AT — A ik B
AL R B &P, aan Rk R SR AR, T T AR R A AL T RCR
B < R T A AE AL, A3 R A A PR B R < R A A R A T —
W R 1) B0 4 i B P AR R BB IR, T R — 2P Tl i T B O B

16 W
&Y
it Ak 7

%\ B

711019 44 (2 5 i B 20
711021 48 (A #2352 A )
711029 48 (2 1l it JB 20
711031 % (K 8 38 508 )
711039 £ (2 BT B 20)
711041 4 . #F1ET (o 8 3 500 KR )
711049 % . HRTET (2 B s B 20)

11 : (DHS % % ( Harmonized System Code, F3 1 il & 4 % ) /& e 1H 59 5C 20 21 (WCO) 1l 22 fy [ B b v 1 4328 R 496, 1 T 00 1 i 47 43 28 R
P . @3 Y 2GR 8 43 32 B 00 B0 e 4 TR T L g A (HS T 7S 062 ) L & B 43 J8 JT 3 0 S Al v o 2 15 BT oK 51O o

x5 HEESEREENHEE

Table 5 Main application areas of platinum group metals
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Table 6 Average grades of gold, silver, platinum and

palladium in E-waste

A g/t
WA b 4 Gl 1 A
IR 31 674 — —
W L 68 520 — 8
—— 100 700 — 21
83 413 — 12
81 905 — —
250 1000 — 110
230 1000 — 90
A NIHRAL 156 775 — 99
300 600 — —
600 700 40 100
428 875 — 95
AL i A AR 70 700 — 30
9 150 — 3
20 280 — 10
B A G £k B R 8 17 280 — 10
110 1600 — 41
60 250 — 19
W R 490 1300 — 99
— 47 350 — 9
54 40 — 21
IR 50 2244 — 241
5 30t 368 3573 — 287
1067 2171 — 137
/N IT R TR A 1300 5700 — 470
Ve R IR SCHK [26] R SCHE [33], 28 % ;7 “— o g L HUE

211 3 F R 5 $ R (Molecular Recognition Technology,
MRT), ] B D55 S0 500 vh e 5 0 i R[] i B
B4 JE e R, 5 REF, SuperLig 14 5 %8 £ 1 4
A 53 8 B AR AL A T AH A< O T RE, %4 AR i 5 Ak
SR B D R, XA A I ACLE, BT, B
IS IS R D 7/ =y S AN E I N = I LN S E R eV N2
K v B S IR S5 S 4 T B IBGR HR Al

— SO E] GE DL ST I 2CHE B DUIBCHT 7 o [l i
WAE B 4w, BN, H AR (R ik ) A5 ST
it AU 4 2l I T ™ v Il A R L ARTE S R AR,
W T A 0 4 D A B B AR  E 30%; 5 L R R
PSR Mo 5t 48 AR 7 F 5 1 80 % 42 s 45
PUA 5635 NI 55 A ey A0 2 1 T se s AR i) 6l B £l
Bk T 3= Bl 8 40 8RN M XA Ry R 4 5 4 ) IRl ilig
V55, T B LA 224 Hb ) 3 T 7 A B e, 2010 4F
UK, 43 i [ 52 R0 Hb X B 9 4 A A 30 v 4 i
4 JE WL (5 L — BLORFETE 50% L b, Bk R b
KA A7 EEAR E 10%, {845 19 2 10 2, F& [ A
G Ja A1 A [ S ) D A A0 B Wk, R G ) B R R A ol 5
RS 5T o 1971 48, A 4k =) I IF R T M
JB AR AR 70 v [ B I 4 B T R, B S A R AL T 4k
AT A = T AR I 5% 4 @ T, AR iR i 4
J& %) 450 kg, 2000 4, I E Ik 5t 4 @ i 3, Hii S
55 I AT RSO T4 % 4 B 9 A 3 200 5,
Ak, 3 Al K 2 SR FH AR A R A B AR s T R
WE QR B ) T2, A s . [lllcoR
i, BTGP R, B ik 3R SR T 7= v i 4
4 J 1 A DG AR Al 5 ) S 0,

gi iR, Hb b 0 R G PR OE & 4 2 Ok
BERYAE L, IR 7= v TS0 W 4 T e 48 T e AR
o SR, K & % 4 JE T R IR T 0 e Hh
VIR B e, A BR B EITR 4 )8 IR R
H ] LA R E At ) 8 R i IX 1 401 1 4 i [ R B kb
BARIKF- o % T IUAE FB 434 FIH A 0507 4: s a1
RATIK 99% LA b, 4 ER 0051 4 )8 [l iR 35 3k A 1=
4 32 2 D R AT REAS A T B R J5 i, I AE T A A 4
J& TC 2 B IR T A L T e,

3 EREE: N ERFERZ S
3.0 WA BN : 1k b B E

R — B isf ] P4, % 4 J 1 3 0 3 Ak 7
AC 5 0 R A R AT B, FLAE G il 3 0 Bk
FREE & — L v 4, (E AR B sh R EL e, e,

KT BB FPEBARERNERTZ

Table 7 Mainstream processes for the recovery of platinum group metals from urban minerals
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Fig. 4 Prices of platinum and palladium and
their ratio to gold prices from 1949 to 2024
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Table 8 Future search targets for other types of platinum group metal deposits
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