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Table 1 Yield and reserve of PGMs

in the world t
P&t bd it G
i 2021 4F 2022 4F 2021 4F 2022 4F fifi it
K 4.02 3.3 13.7 11 900
JIEVN 6 6 15 15 310
% 21 20 86 88 5500
[ZEIE 142 140 84.3 80 63 000
UGS 147 15 12.4 12 7 900
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Table 2 Some physical characteristic parameters of precious metals and base metals

A B Ru Rh Pd Ag Os Ir Pt Au
et I I I I I I I I
JF2 42/ pm 132.5 134.5 137.6 144.5 133.8 135.7 138.8 144.2
i 240/ pm 270.4(2) 380. 3 389.0 408. 6 273.5(a) 383.9 392.3 407.8
428.2(c) 431.9(c)
W1/ C 2334 1963(4) 1555 961. 8 3045(33) 2447(6) 1769(8) 1064. 2
4 )m Fe Ni Cu Zn Sn Sh Pb Bi
et .0 I I I v \Y I \Y
JR 242/ pm 124. 1 124.6 127. 8 133.3 140. 5 143.9 175.0 182.0
A S % pm 359.1C1) 352.4 361.5 266.5(a) — — 495. 1 —
286.7( 1) 494.7(c)
LGISVA 1535(8) 1453(5) 1084. 6 419.5 231.9 630.7(6) 327 271.5(4)
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Fig.1 Periodic table of elements showing the classification of geochemical affinity
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of PGMs, Au, and Ag during Ni —Cu matte

converter blowing process
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Table 3 Drying form of platinum group metal

flotation concentrate

75 Al T X 35§
1 Anglo Waterval NZETHE (4) mE
2 Anglo Mortimer [N 2% Tk Ak
3 Anglo Polol kwane INZE T (2) Ak
4 Anglo Unki INZE T (1) AT
5 Impala W% T4 (4) e
6 Lonmin INZE; W% (2 AIH) A AE
7 Northam PN 78 T EE
8 Zimplats SMC INZETH (1) AT
9 Stillwater R EAZN XH
10 Norilsk — Nickel pezk %
11 Norilsk—Nadezhda  Niro {55 T4 (6) %
12 Norilsk — Copper %5 (3) % i

INZE T
3.2 FiEBTRBE

BT ESKAKT 3% W TF ek 0™ 2 )1 f
EER RPN ERE(L) ~ (5) B RE, 7
PCERER N iE BEE D WMk, FL ™= A I ok i
IKER G HEAT , L = AR B SO, IR & f b I
I AR 4 B) B B R, R A R AR
PGMs & TR G, & E£AGECN 5 ~ 10 £,
AR 48 4% & Ni 10% ~ 20% . Cu 10% ~ 15% . Co
0.5% .Fe 30% ~ 40% .S 20% ~ 30% , & PGMs %
400 ~ 1 000 g/t,PGMs [EIIi#_ 24 95% ~ 98% , B4 a1
2] 96. 5% ~98% 4 MR 2] 96% ~ 97 % |, % [F1 i
BRI T9% ~85% , FLFEZ] 600 ~ 850 kWh/t K5,
4 MR EEHE S BA ) RITR R0
3, A SGRE A 22 2R FH R P
3.3 {RERFRAIR IS

L ) AR B A 2 /T P 8 R
(R R) BB , 7 I S R LK S
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A S T AREREL R  A TE an R 5 i, 42
BRI [N, B 0 56 B R 4E 1] Anglo Waterval T %
H Ausmelt TR IR B (AbBROESE E IR A T 7
JE Waterval . Mortimer . Polokwane 173 [ 4 &5 Unki
DU T 7= i B L AP IR B ) 136 [ Stillwater SR
TR HER %447 ( Kaldo , TBRC) #b , Hifth 4 4115 42 S8 16
M) HIRF PS BRI

4 HAGRAJE JORIR I T AR
AN HR) 505 4 R PR AR B BT 1 3R 6
Fis . JEAREAG 4 R %A (P9 AE Anglo Water-
val . Lonmin  Impala {3t B2 45 55 Zimplats F1 32 [F Still-
water ) — ARG | ARAIG MO B (=13%) , %S RIKE
WL B A RERR B 0 AR i, L AP T 5 38
(BRI B ), ANRE S [ VA R, B R OE
PESR PR SCRERM IR A F g R AT IR R . PEAE SN
%4 B IR RS (MR 2 T Norilsk — Nadezhda 4 K
Sudbury FIF& B #9411 ) — B MgO 1K ( <7% ) . Hit
e R TR BURE AR R B IR R AR (AR IR
fi%) , ELRESEEL A Pe Mk (RS i 48 77 i R 08 (R
AR OL T | B RE A BRI IO R S A A R 7
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Table 4 Data of Furnace for PGMs Flotation Concentrate
ik P B 7 BYjE SRS /m FLR E A2/ mm
2 6 6 Hil EFHERH (Hatch) 34 MW (39 MVA) 25.8 x8.0 1 100
Anglo Waterval . .
3 HLAR R 4 L g 28 MVA — 1200
Anglo Mortimer 6 HLH ELAARTE 19.5 MVA 25.3x7.0 1250
Anglo Polol kwane 6 HLIR EANAETE I 68 MW 28.7 x9.6 1 600
Anglo Unki 3 HAREDE 8.5 MVA 10.8(1.D.) 500
6 HLIR EFNHTEH 38 MW 25.9 x8.2 1 140
Impalz
b 6 FLIR EFNHIE H 35 MW 25.9 x8.2 1 140
3 M BB (Hatch) 28 MW 11 1400
Lonmin 3 R EDE 5 MVA 5.2(1.D.) 500
6 HLIR EFNHITEH 12.5 MVA 18.2 x5.3 900
Northam 6 HELI ELANAEFE 15 MW (16.5 MVA) 25.9x8.7 1 000
Zimplats SMC 3 B 12.5 MW (9 ~10 MW,13.5 MVA) 12 (0.D.) 1 200
3 LR EFNHTE H 5.0 MW (5.3 MVA) 9x5 305
Stillwater
3 ik H AR b 1.5 MW (1.68 MVA) 7.5%2.6 305
5 65 6 H EFEE N 75 MW (4 TAE 45 MW)
. (3 — —
(3 1,1 %&,1 4¢%)
Norilsk —Nickel 2 GRS (1 A 1 %) 20 MW — —
6 5 HL PHAR A B B 500
(3 BB AR
2 H AR RS N — 245 m? —
Norilsk —Nadezhda 1 G ILAR R — — —
4 £ 3 s L 18 MW B 65 — —
2 B EAlR R — 15.6 x2.3 —
Norilsk — Copper
IR RIS G — 20 m? —
T B Norilsk b, FABER 4 B IR EE 0 YR FHEPIE R « SEP IR RS K < 58,
K5 S EWE P BEE
Table 5 Data of PGMs Converter
k24 R WA ST WA R WS R (ER x K ) /m g4 XUR B A
Anglo Waterval B (ACP) 163 -64] — 1
PS ) 6 3.0x7.6 —
Anglo Mortimer JG — — —
Anglo Pololkwane Jo — — —
Anglo Unki J — — —
Impala PS i dp 2 3.6x7.3 32
PS &g 4 3.0x4.6 16
Lonmin PS 3 3.0x4.6 18
Northam PS 2 3.0 x6. 1 22
Zimplats SMC PS Fdp 2 3.0x4.6 16
Stillwater FKIRZ M (TBRC) 2 2.0x3.32 —
Norilsk —Nickel PS Fgp 6 4 x9 —
Norilsk —Nadezhda PS Fdp 6 4 x9 —
Norilsk — Copper PS ) 9 4 x12 —
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Table 6 Composition of PGMs flotation concentrate ( mass fraction) %
Ak Ni Cu Fe S Ca0 MgO Si0, Al, O, Co Cr,0;  PGMs/(g-t71)
Anglo Waterval 3.5~4 2~2.3 156 9 3 15 39 6 0. 008 0.8 110 ~150
Lonmin( UG2) 2.4 1.2 16 4 2.5 21 47 3.6 0. 06 3.21 430
Impala 2.1 1.3 12.3 4.5 2.9 18. 1 42 4.1 0. 06 1.1 138
Zimplats 2.05 1.5 13.2 5.9 1.6 24 41.9 1.6 0. 09 0.37 91.9
Stillwater 5.2 3.3 15 13 — 13 40 — — — —
Norilsk — Nadezhda 11.3 5.2 42 33 — — 1.9 — 0.35 — —
Sudbury 12.7 4.3 31 28 — 4 — — — — —
I (I 7.0 4.0 38.3 27.1 1.0 6.5 6.7 — 0.18 — 2-~3
a1 (Ty) 4.21 2.47  30.35 20.91 — 13.96  15.65 — 0.13 — 2~3
T PGMs F/RTG 4 8 B i,
Central South University Press, 2013.
5 ZhiEEREY (3] FIEE, BIEZ, SC& HIIM]. L5 Be Tl R,

e [l 51 422 Jrs W WU L B2 = it 3 3 1 %o g b
B R I T A, 2 AR 465 T8 IR I s & el
WA A 2R X, BRI s (A 4R Bt
GIEMBAARIE WG — 218, X IF A AL A] LA
UL ) — BEFTRI Y, DA HUR + PS P 1 Kk T2
AR Ak PR B B IR <5 B U R B A AR

AT 8 JOE IR BN BRI E R G T
PR B TS 1 A 5 A M — e R 57 T O
KNI o HERTT 1D, PEORIE 2 I ISR AT R T
LR % B IEORRE N E B aE B R T G |
MBI A S5 7 THT A4 82 T, ) 2 B0 9 i i 0 H A
ORI AR T2, IR T e iR
TSR B T2 WM T, 76 BEA BUSE Y PS
FRAPWIRE A TR L, 25 % SRR (ISR IR K
A TIR ) AR PS B ORI AT AT
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Research progress of platinum group metals pyrometallurgy technology
PEI Zhongye, WANG Zhenghua, FENG Yaping, LIANG Xinxing, WANG Dawen, LI Xiangliang,
YU Zifeng, DUAN Shuaikang, WANG Zhenyin
(Norin Mining Limited, Beijing 100053, China)

Abstract: The platinum group metals distribution is highly concentrated around the world, while platinum group
metal resources are significantly limited in China. It is important to achieve efficient utilization of platinum group
metal resources during the overseas development of platinum group metal mines by Chinese companies. In this
article, the current pyrometallurgy mechanism and process of platinum group metals are reviewed, with a view to
provide reference for future research on pyrometallurgy technology of platinum group metal ores. For platinum group
metal concentrate from flotation, the electric furnace + converter process is still the main pyrometallurgy method,
including drying, smelting to prepare low nickel matte (furnace matte) by electric furnace, converting to prepare
high nickel matte ( converter matte) by converter, etc. Future research on platinum group metal ores smelting
technology should focus on the development and utilization of efficient smelting methods such as enhanced smelting
and bath smelting, of Platinum Palladium minerals, and low grade nickel matte converting can focus on the
feasibility of continuous converting such as bottom blowing and multi lance top blowing instead of PS converter
converting.

Key words: platinum group metals ( PGMs ) ; flotation concentrate; pyrometallurgy; matte; geochemistry;

intensified smelting; continuous converting



