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Table 1 Yield and reserve of PGMs

in the world t
% PLj i Pd j* it %4 R
2021 4F 2022 4F 2021 4E 2022 4F  fifEE
%[H 4.02 3.3 13.7 11 900
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Table 2 Some physical characteristic parameters of precious metals and base metals

pigendt Ru Rh Pd Ag Os Ir Pt Au
n m 1 1 1 m 1 I 1
JRF242/pm 132.5 134.5 137.6 144.5 133.8 135.7 138.8 144.2
) 270.4(a) 273.5(a)
IEZ 8/ pm 380.3 389.0 408. 6 383.9 392.3 407. 8
428.2(c¢) 431.9(c)
15 45./°C 2334 1963(4) 1555 961. 8 3045(33) 2447(6) 1769(8) 1064.2
B4R Fe Ni Cu Zn Sn Sbh Pb Bi
ki 1.1 1 | 1 v A% I A%
JEF2E42/pm 124. 1 124.6 127.8 133.3 140. 5 143.9 175.0 182.0
) 359.1( 1) 266.5(a)
SIS/ pm 352.4 361.5 — — 495. 1 —
286.7( 1) 494.7(¢)
15 45/°C 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

T Al THIE R [X 45k
1 Anglo Waterval NZETH#: (4) LEElE
2 Anglo Mortimer INZE T mdE
3 Anglo Polol kwane INZETH(2) ik
4 Anglo Unki NZE TR (1) ek i
5 Tmpala W T4 (4) Rk
6 Lonmin NZE; BEE (2 A1H) FaE
7 Northam INZE T maE
8 Zimplats SMC NZETHE (1) HE A
9 Stillwater AR Kl
10 Norilsk — Nickel ek e
11 Norilsk—Nadezhda  Niro % T/ (6) e
12 Norilsk — Copper W75 (3) e

NZETH .
3.2 REIEET RRE

B TIREGKART 3% WTFERET 215
‘R B NS (1) ~ (5) R, 7
IR B AN ALIE 2 5 1 O, B ™t I 0 o s
IR I HEAE , F P AR EE SO, IR g il h fa
6 BSR4 18] 5 B AR HE, R R,
PGMs & AL EARERG D, & A EC 5 ~ 10 £, #i Y
IG5 8% A Ni 10% ~ 20% . Cu 10% ~ 15% . Co
0.5% .Fe 30% ~ 40% .S 20% ~ 30% , ¥ PGMs %
400 ~ 1 000 g/t,PGMs [A[IS{ %2y 95% ~98% , Ei [al i
2 96. 5% ~98% , il A FE 24 96% ~ 97 % , &k [l
A 79% ~85% , HFEZ) 600 ~ 850 kWh/t K5H™, F*
4 B A EERA E AT RIS O R T
X, A SN 2R TR 6 5 o
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VW TS W= BA, v | G = - S = B 1}
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BRYE FE A, B o 52 B U AE ] Anglo Waterval T.) %
FH Ausmelt TRV R A ( Ab BE 35 55 0% 5 4R AT T B
JE Waterval . Mortimer , Polokwane ¥ [ 45 35 Unki
PO )7 i R P (AR ) 198 [ Stillwater SR
TR e % 5% 1 (Kaldo , TBRC) #b , HAh & 51k 42 J& 16
PR BRI PS Bl

4 BHRSE R IR L 2R A
TSR R) BH I 4 JR 7 RS B L 3 6
Fi7R o IR AR 4 Jm T I RS B (B AE Anglo Water-
val .Lonmin , Impala , 8 % i = Zimplats F13¢ [# Still-
water) —fRBRAR ERAK MO & ( =13% ) , %R AN
WKL B LARE IR B g AR 4P, HL P i 45 55
o (CBRVETRLEE ) , ANRE S B [ A , B (5 3
PER HRAE T CRERM A B L AT IR B BEAESR
T4 Ja T EAS B (A2 T Norilsk — Nadezhda | il 52K
Sudbury FIF [¥ 89 4 1) — it MgO i ( <7% ) B
o R IZ AR TG R B B I (R TR
I0) , HRESEEL A PE IR TERS 0 4F 7 A 2 8 I
AU OL T, ELIE R R A R T R S i AL I 7
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Table 4 Data of Furnace for PGMs Flotation Concentrate
B4 oS ki BYE SR RS " /m AR A%/ mm
2 & 6 R ESEEY (Hatch) 34 MW (39 MVA) 25.8 x8.0 1 100
Anglo Waterval
KRR A 2 ANl 28 MVA — 1200
Anglo Mortimer 6 HL B EHANHETE 19.5 MVA 25.3x7.0 1250
Anglo Pololkwane 6 HL B EHA A 68 MW 28.7 x9.6 1 600
Anglo Unki 3 HL i R TE 8.5 MVA 10.8(1.D.) 500
6 HI E AN b 38 MW 25.9 x8.2 1140
1 I}
e 6 AR E AL 35 MW 25.9x8.2 1140
3 R ERIETES (Hatch) 28 MW 11 1 400
Lonmin 3 AR TE 5 MVA 5.2(L.D.) 500
6 HLAR E AN 12.5 MVA 18.2 x5.3 900
Northam 6 HIR BTG H 15 MW (16.5 MVA) 25.9 x8.7 1 000
Zimplats SMC 3 HRETE b 12.5 MW(9 ~10 MW,13.5 MVA) 12 (0.D.) 1200
3 AR EAN R 5.0 MW (5.3 MVA) 9 x5 305
Stillwater
3 B EANAETE 4P 1.5 MW (1.68 MVA) 7.5%x2.6 305
55 6 B ESIHTE Y
75 MW H 45 MW — —
(3L 41 G (IE® TAE )
Norilsk —Nickel 2 BEPIETEE (1 L %) 20 MW — —
6 & HLBH
— — 1500
(3 A B H AR ) T IA 5
2 GRAGRENEY — 245 m? —
Norilsk — Nadezhda 1 GRARR - - o
4 5 3 iER L 18 MW iy — —
2 BRLAFERY — 15.6 x2.3 —
Norilsk — Copper
1 G HARRY — 20 m? —
1 Bk Norilsk &1, HoAt A1 48 G 0 H R B 8 i« SECPIEETE Y R K x 5,
RS RSBV ERE
Table 5 Data of PGMs Converter
Al £ B MR A Y BRI A W RS (EAE x K ) /m B XU B A
Anglo Waterval B (ACP) [63-64] — 1
PS F g 6 3.0x7.6 —
Anglo Mortimer 7 — — —
Anglo Polol kwane ¥ — — —
Anglo Unki g — — —
Impala PS & 2 3.6x7.3 32
PS Fpp 4 3.0x4.6 16
Lonmin PS &4 3 3.0x4.6 18
Northam PS %L 2 3.0x6.1 22
Zimplats SMC PS g 2 3.0x4.6 16
Stillwater F/RZ4 (TBRC) 2 2.0x3.32 —
Norilsk —Nickel PS F g 6 4 %9 —
Norilsk — Nadezhda PS # 4 6 4 %9 —
Norilsk — Copper PS #h g 9 4x12 —
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Table 6 Composition of PGMs flotation concentrate ( mass fraction) %
b Ni Cu Fe S Ca0 MgO Si0, Al 0, Co Cr,0;  PGMs/(g-t™")
Anglo Waterval 3.5~4 2-~2.3 15.6 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 — — — — —
L (NP 7.0 4.0 38.3 27.1 1.0 6.5 6.7 — 0.18 — 2~3
L (TR 4.21 2.47 30. 35 20.91 — 13.96 15. 65 — 0.13 — 2~3
E : PGMs R #1548 & i
Central South University Press, 2013.
5 ik REy (3] Femib, BIESF, 6 HIIMI. Ot % Tl iR,

6] B 435 B A L B =, B A D X v A
BRI T &, S5 B Ik 4 s B R 1Y) v 28 ]
WOR A B S, AR AT R TR AR A 4 52
BIRHIEARIE WG — €8, (HIX FEAZ W AE AT L
T — BRI Y, LA L + PS B 1y Kk T2
AThR S A 3 s BB IR 4 J TR A B Y AR

AR 8 KRB BRI ST B 5T
BHG 42 J3 P7 RS ™ A 53 A 8 o — v R R HR J7 15 A O
RN o SR T AERIE S R TR A T3 T
LR 75 TR IEURLE N RV IE E A L T A
PUAEAK 4 55 07 TR 200, Rk B e 3 A it H
G H AR R 2, A Tt e s AR
PR SRALIE R T2 WO T 1, 78 BE A BURE PS
FEH WO B AR ST, 25 RO S WO (TR U IR
BTN B PS Felr Wiy ml 171

E=3CN
[1] YAKOUMIS I, PANOU M, MOSCHOVI A M, et al. Recovery of
platinum group metals from spent automotive catalysts: a review

[J/OL]. 2021, 3:

100112. https: // doi. org/10. 1016/j. clet. 2021. 100112

(2] XUWPAS. A& mif e[ M) Kb R A,
2013.

Cleaner Engineering and Technology,

LIU Shijie. Metallurgy of platinum group metals[ M]. Changsha;

2010.
NING Yuantao, YANG Zhengfen, WEN Fei. Platinum [ M ].
Beijing: Metallurgical Industry Press, 2010.

(4] XA HRSIRERBGA SR LR MRBE[T]. A EmE,
2002(3): 4 -8.
LIU Shijie. Development and prospects of extractive metallurgical
technology of platinum metal [ J ]. Non-ferrous Smelting, 2002
(3):4-8.

(5] ZeWBic, JF, S5IEM, 4. rp I d2 S gm0 A3t s 1ot o
P[], HBTUER, 2017, 36(4) : 676 - 683.
LI Pengyuan, ZHOU Ping, QI Yabin, et al. Forecast and
suggestions on supply and demand of major PGM in China[ J].
Geological Bulletin of China, 2017, 36(4) : 676 —683.

[6] HHNHI, DM, W, . TR S8 PR L.
TR OLERAT[T]. WS, 2012, 14(2): 138 -
142.
DONG Haigang, WANG Yunhua, FANG Xingxiang, et al.
Analysis of global platinum group metal resources and the supply
and demand status of platinum, palladium and rhodium in recent
years[ J]. Resources and Industry, 2012, 14(2) ; 138 - 142.

(7] &1, i, BaE, 2. 2019 2RI VERMT 5 R E
[J]. #Ewm b, 2020, 29(2): 1 -5.
YU Yun, YANG Jianfeng, YANG Zongxi, et al. Global mining
market in 2019
Magazine, 2020, 29(2) . 1 -5.

(8] I, Wrik, WWIE. MM PECHED 7 O 58 BUIR 5 7427 i

overview and outlook [ J]. China Mining



2023 4F 12 55 6 ] IR AE  HRAE R KRR PREOR Bt - 23 -
W[, BRI, 2020, 65(33) : 3651 3652, (197 #&Kk BEmAeYIM]. 28 Kb ks i,

[12]

[15]

[16]

[17]

(18]

HOU Zenggian, CHEN Jun, ZHAI Mingguo. Current status and
frontiers of research on critical mineral resources [ J]. Chinese
Science Bulletin, 2020, 65(33) : 3651 -3652.

FAHEM, e, JReR, S BRI B R TR A
B dhat s [J]. HuBm Az, 2022, 41 (10) : 1829 - 1846.
WANG Fengxiang, LI Xiaoming, LUAN Zhuoran, et al. Global
PGEs resource distribution, supply and demand and consumption
trends[ J ]. Geological Bulletin of China, 2022, 41(10) . 1829 -
1846.

COWLEY A. PGM market report[ R]. London: Johnson Matthey

PLC Market Research Department, 2022.

TORE, X, 0, & AT R BRI IR

[J]. &JE# 1, 2022, 554(8) : 151 —160.

YU Baogiang, LIU Jingzhi, WANG Huai, et al. Research
progress of global platinum-palladium ore beneficiation technology
[J]. Metal Mine, 2022, 554(8) . 151 —160.

USGS. Mineral commodity summaries 2023[ R]. Virginia: U. S.
Geological Survey, 2023 134 — 135. htips: // doi. org/10.
3133/mes2023.

CAWTHORN R G. The platinum group element deposits of the
bushveld complex in South Africa[ J]. Platinum Metals Rev. ,
2010, 54(4) . 205 -215.

KLEMD R, HERDERICH T, JUNGE M, et al. Platinum-group
element concentrations in base-metal sulphides from the Platreef,
Mogalakwena Platinum Mine, Bushveld Complex, South Africa
[J]. South African Journal of Geology, 2016, 119(4): 623 —
638.

XIS, B &)@ H G2 [ M]. JEat:
2001.

4 ol th AR AE,
LIU Shijie. Mining of platinum group metals [ M ]. Beijing:
Metallurgical Industry Press, 2001.

CABRI L J, OBERTHUR T, KEAYS R R. Origin and
depositional history of platinum-group minerals in placers-A
critical review of facts and fiction[ J]. Ore Geology Reviews,
2022, 144, 104733. https: // doi. org/10. 1016/]. oregeorev.
2022.104733.

A GRS B AR, KA RSB oHRRE, M
BA@REBOHUEk, & BA G R ERT T W
BagM]. duat: e Dl d e, 1996.

Beijing Nonferrous Metallurgical Design and Research Institute,
Changsha

Metallurgical and Research

Metallurgical

Nonferrous Design

Institute, Nanchang Nonferrous Design  and
Research Institute, et al. Design manual for heavy nonferrous
metal smelting: copper nickel roll[ M]. Beijing: Metallurgical
Industry Press, 1996.

gt , 259705 hEBENG S IM]. bt ma TR
4, 2000.

HE Huanhua, CAI Qiaofang. Nickel-cobalt metallurgy in China

[M]. Beijing: Metallurgical Industry Press, 2000.

[20]

[21]

[22]

[23]

[24]

[27]

[29]

[30]

2004.

PENG Ronggiu. Heavy metal metallurgy [ M ]. 2nd ed.
Changsha: Central South University Press, 2004.

L. BB SBR[ M]. deat: 1H 4 Tl ik,
2018.

QU Shengli. New technologies for gold metallurgy[ M]. Beijing:
Metallurgical Industry Press, 2018.

PENGZ W, LIZ Z, LIN X L, et al. Thermodynamic analysis of
smelting of spent catalysts for recovery of platinum group metals
[C] // 9th International Symposium on High-Temperature
Metallurgical Processing, 2018, F10; 215 —223.

EBIN B, MEHMET I.
recovery of metals from WEEE[ J]. WEEE Recycling, 2016
107 - 137.

KHALIQ A, RHAMDHANI M, BROOKS G, MASOOD S. Metal

Pyrometallurgical processes for the

extraction processes for electronic waste and existing industrial
routes; a review and Australian perspective [ J ]. Resources,
2014, 3(1): 152 - 179.

SUN S Q, JIN C X, HE W Z. A review on management of waste
three-way catalysts and strategies for recovery of platinum group
melals from them [ J]. Journal of Environmental Management,
2022, 305 114383.

FE, BRIE, AR, S T2 R AT AR AR R
HHRIGIIFE[T]. HiRa4:, 2020, 42(3): 16 - 18, 22.
GAO Shoukun, CHEN Zheng, LU Chao, et al. Experimental
study on recovery of platinum and palladium from waste catalyst
by pyrolysis process [ J]. Gansu Metallurgy, 2020, 42 (3) .
16 - 18, 22.

T, BUNE, BRIRE, & ERIE RSO R AL
PEARIEAESELT]). A SR GRERFT), 2017(8):
40 -43.

LI Yong, HE Xiaotang, XIONG Qingfeng, et al. Recovery of
platinum group metals from spent auto-catalyst by smelting[ J ].
Nonferrous Metals ( Smelting) , 2017(8) ; 40 —43.

PENG Z W, LI ZZ, LIN X L, et al. Pyrometallurgical recovery
of platinum group metals from spent catalysts[ J]. JOM, 2017,
69(9): 1553 - 1562.

PADAMATA S K, YASINSKIY A S, POLYAKOV P V, et al.
Recovery of noble metals from spent catalysts; a review [ J].
Metallurgical and Materials Transactions B, 2020, 51(5) ; 2413 -
2435.

FAYE G H, INMAN W R. The determination of platinum and
palladium in copper-nickel matte and ore concentrates. a fire
assay method using tin as a collector[ J]. Analytical Chemistry,
1961, 33(2) . 278 -283.

INERT, IMIL, JLZAE. MRS HETR BRIk T]. 2
#rik2%, 2000, 28(8) : 1010 - 1012.
SUN Yali, SUN Min, GONG Aihua. Pre-concentration of

platinum group elements with about 2. 5 g nickel sulfide button



.24 - + A & 5 A BRLgiR
[J]. Chinese Journal of Analytical Chemistry, 2000, 28 (8) : LIU Zhien. Fundamentals of materials science [ M]. 2nd ed.
1010 - 1012. Xi’an: Northwestern Polytechnical University Press, 2003.
[31]  E2F. BR5E - IR AR I A I VR T = o AL v e [42] THYSE E L, AKDOGAN G, TASKINEN P, et al. Towards
[J]. A if, 2023, 39(2): 59 -61, 49. understanding nickel converter matte solidification[ J]. Minerals
WANG Duo. Determination of rhodium in automobile ternary Engineering, 2013, 54(SI) . 39 -51.
catalyst by nickel matte assay and microwave digestion[ J]. Non- [43] SUNF L, ZHAO Z W. An interdisciplinary perspective from the
ferrous Mining and Metallurgy, 2023, 39(2): 59 -61, 49. earth scientist’s periodic table; Similarity and connection between
[32] JHFRI. s s Sk ki M), Kb P Tl R geochemistry and metallurgy [ J]. Engineering, 2020, 6 (6) :
S A, 1996. 707 -715.
ZHOU Chunshan. The method and application of chemical [44] F=i, IhFE, B f. wEkibE 5RO &0 BHE
separation enrichment[ M ]. Changsha: Central South University e DIEAE4 B A4 Rl [J/0L]. R EA 048 F .
of Technology Press, 1996. https: // kns. cnki. net/kems/detail/43. 1238. TG. 20221019.
[33] BRE. KIEGE&hIRE R XGRS 4R R e (T] 0916. 001. html.
FE TRERF, 2007, 9(5) ¢ 11 -16. LEI Yuntao, SUN Fenglong, ZHAO Zhongwei. Interdisciplinarity
CHEN Jing. Discussion on the micro-mechanism of precious of geochemistry and extractive metallurgy taking platinum group
metals trapped in pyro-metallurgical processes by base metals and metals and gold as examples [ J]. The Chinese Journal of
matte phase[]] . Engineering Science, 2007, 9(5) :11 - 16. Nonferrous Metals, https: // kns. cnki. net/kems/detail /43.
[34] ER2¢3%, T, E3EM, & SIS L S8R 1238. TG.20221019.0916. 001. html.
&/\%Eﬁ:}’ﬁﬂ TR, REAM4EEFIR, 2020, 30(12) [45] GOLDSCHMIDT V M. The principles of distribution of chemical
2051 -2962. elements in minerals and rocks [ J]. Journal of the Chemical
GUO Xueyi, WANG Songsong, WANG Qinmeng, et al. Society, 1937 655 —673.
Mechanism of gold collection in matte and distribution behavior of [46] RAILSBACK L B. An earth scientist’s periodic table of the
precious metals in oxygen-enriched smelting process [ J |. The elements and their ions[ J]. Geology, 2003: 117 (5): 737 -
Chinese Journal of Nonferrous Metals, 2020, 30 (12); 2951 - 740.
2962. [47] AVARMAA K, OBRIEN H, JOHTO H, et al. Equilibrium
[35] JHANEE, Biigis. Z5#yfb3temi[M]. 5 i b5t dbat distribution of precious metals between slag and copper matte at
H AL, 2017. 1250 ~1350 °C[J]. Journal of Sustainable Metallurgy, 2015, 1
ZHOU Gongdu, DUAN Lianyun. Basis of structural chemistry (3):216 —228.
[M]. 5th ed. Beijing; Peking University Press, 2017. [48] AVARMAA K, JOHTO H, TASKINEN P. Distribution of
[36] ZEMhpl, MR, 2%k mELyLEmEIM]. Jua. precious metals (Ag, Au, Pd, Pt, and Rh) between copper
b R H ik, 2001. matte and iron silicate slag [ J]. Metallurgical and Materials
MAI Songwei, ZHOU Gongdu, LI Weiji. Higher inorganic Transactions B, 2016, 47(1) . 244 —255.
structural chemistry [ M ]. Beijing: Peking University Press, [49] YAMAGUCHI K. Thermodynamic study of the equilibrium
2001. distribution of platinum group metals between slag and molten
[37] Dean JA. =[RALFFMIM]. 8B4, ¥ 2 k. dbai: B+ metals and slag and copper matte [ C] // Extraction 2018.
2 R, 2003. Springer, 2018 797 —804.
Dean J A. Lange’s handbook of chemistry[ M]. Wei J F, tr. 2nd [50] HIDAYAT T, CHEN J, HAYES P C, et al. Distributions of Ag,
ed. Beijing: Science Press, 2003. Bi, and Sb as minor elements between iron-silicate slag and
[38] LIDE D R. CRC Handbook of chemistry and physics[ M ]. 87th copper in equilibrium with tridymite in the Cu-Fe —0-Si system
ed. Internet Version, 2007. at T = 1250 °C and 1300 °C (1523 K and 1573 K) [J].
[39] WARERE, &R, B2 (M]. ¥ FIERFEROR I AR, Metallurgical and Materials Transactions B, 2019, 50B; 229 —
1980. 241.
HU Gengxiang, QIAN Miaogen. Metallography[ M]. Shanghai . [51] Mt IWR T4 R4E BRI S SR P iR
Shanghai Science and Technology Press, 1980. [J]. AETERE, 1999, 1(2): 34 -40.
[40]  HHEERE, 250, MERIBREELRE (M), B, FigEsci ks CHEN Jing. Study of the behaviour of precious metals in
JAt, 2000. metallurgy processes in terms of atomic structure [ J ].
HU Gengxiang, CAI Xun. Fundamentals of materials science Engineering Science, 1999, 1(2) . 34 —40.
[M]. Shanghai: Shanghai Jiao Tong University Press, 2000. [52] AMDUR A, FEDOROV S, PAVLOV V. The Reasons for the
[41] X R. MRIBFEIERE M. 2 Bz V5% PEL T RF IR Platinum Losses in the Metallurgical Processing of Copper-Nickel

4, 2003.

Ores[ C] // Metals 2020, https: // doi. org/10. 37904/ metal.



2023 4F 12 A% 6 LIRS IR R K BIRR BRI

.25 .

2020. 3587. Metals, 2004 (Al) . 41 —47.

[53] AMDUR A M, FEDOROV S A, YURAK V V. Transfer of gold, [58] SAHU P, JENA M S, MANDRE N R, et al. Platinum group
platinum and non-ferrous metals from matte to slag by flotation elements mineralogy, beneficiation, and extraction practices-An
[J]. Metals, 2021, 11(10) ; 1602; https: // doi. org/10. 3390/ overview [ J]. Mineral Processing and Extractive Metallurgy
metl 1101602, Review, 2021, 42.521 —534.

[54] DORFLING C, AKDOGAN G, BRADSHAW S, et al. [59] xUHfufg, Bk, 4 mital Mg T2 e ()], A6
Determination of the relative leaching kinetics of Cu, Rh, Ru, 45, 2021, 35(3): 92 —-98.
and Ir during the sulphuric acid pressure leaching of leach residue LIU Yanmin, QIN Bo. Research progress of purification and
derived from Ni—Cu converter matte enriched in platinum group recovery technology of platinum resources [ J ]. Non-ferrous
metals[ J]. Minerals Engineering, 2011, 24(6) . 583 —589. Metallurgical Equipment, 2021, 35(3): 92 -98.

[55] PMhst, ¥R, BREZER. £EINAF ST LA T 20 [60] JONES R T. JOM world nonferrous smelter survey, Part II.
PHEL)]. ME4)E, 2006, 30(3) : 401 —406. platinum group metals[ J]. JOM, 2004, 56(12) : 59 - 63.
CHEN Jing, HUANG Kun, CHEN Yiran. Several techniques for [61] WARNER A E M, DIAZ C M, DALVI A D, et al. JOM world
handling flotation sulfide concentrates of Jinbaoshan platinum nonferrous smelter survey Part IV nickel: sulfide[J]. JOM,
mine[ J]. Chinese Journal of Rare Metals, 2006, 30(3) ; 401 — 2007, 59(4) . 58 -72.
406. [62] HZeHE, ¥ REEGELENNMAE OEEIGH HHEE 8

[56] HUANG K, CHEN J, CHEN Y R, et al. Enrichment of PUER . BRALERLT]. TPEA R4, 2008(6) . 1 -19.
platinum group metals ( PGMs) by two-stage selective pressure XIAO Anxiong, tr. JOM world nonferrous smelter survey, part
leaching cementation from low-grade Pt —Pd sulfide concentrates IV: nickel: sulfide [ J]. China Nonferrous Metallurgy, 2008
[J]. Metallurgical and Materials Transactions B, 2006, 37(5) ; (6):1-19.
697 -701. [63] JACOBS M. Process description and abbreviated history of Anglo

(571 BRs, B, WRZSR, 55 I aUL AL BRATAE 67 AL i L RS Platinum’s ~ waterval  smelter [ C ]/ Southern  African
SR H T ALY hEE LR R, 2004 (A1) 41 - Pyrometallurgy, 2006 17 —28.
47. [64] HUNDERMARK R J, MNCWANGO S B, DE VILLIERS L P, et
CHEN Jing, HUANG Kun, CHEN Yiran, et al. Pressure al. The smelting operations of Anglo American’s platinum

cyanide hydrometallurgical process for treatment of Pt —Pd sulfide business: an update [ C ] // Southern African Pyrometallurgy,

flotation concentrates [ J ]. The Chinese Journal of Nonferrous 2011 295 -307.
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



