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Abstract: Platinum group metals (PGMs) are indispensable for the automobile, petrochemical, energy, and national defense
industries. However, the mineral resources of PGMs are extremely scarce in China, and the contradiction is prominent between the
supply and demand of the resources. Therefore, recycling PGMs becomes an important measure to ensure the safe supply of PGMs
and support the high-quality development of related industries. This study analyzes the supply and application of PGMs, clarifies the
supply and demand trend of the PGMs market, and sorts out the recycling technologies of PGMs. The hydrometallurgical process
includes cyanidation as well as hydrogen chloride combined oxidant method. The pyrometallurgical process includes capture by lead,
copper, matte, and iron. The research and application of the pyro-hydro-metallurgical recycling process for PGMs are elaborated from
the aspects of the roasting-leaching, iron capture-acid leaching, and low-temperature iron capture-electrolysis-centrifugal extraction
processes. The low-temperature iron capture-electrolysis-centrifugal extraction process follows the research idea of low-temperature
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iron capture. Through the design of slags with a low melting point, the iron capture temperature is reduced from beyond 1800 “C to
around 1400 °C. The enriched Fe-PGM alloy is further enriched by electrolysis, and Pd, Pt, and Rh are successively obtained through
centrifugal extraction and purification, realizing the short-process separation and purification of PGMs. This process has the
advantages of green, high efficiency, and low cost. Focusing on the high-quality development of the PGM recycling industry, we
propose the following suggestions: (1) conducting basic research and technical breakthroughs centering the entire process of PGM
enrichment, separation and purification, as well as pollution prevention and control; (2) accelerating the construction of a full-chain
standards system for PGM recycling and a green and low-carbon industrial ecological environment; and (3) improving the Internet
Plus capabilities through the entire business links to realize the intellectualization of the whole recycling-processing-reuse process.

Keywords: platinum group metals; recycling; low-temperature iron capture-electrolysis-centrifugal extraction; combined process
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4h. &PWiBIZ S, PGMs &% 70.6 5, PGMs [o]
W T 99.8% . @ KH Zn By ALIERT Fe-PGMs
HEAT W HE )5 #10Fy . HCLIA fiR Fe-Zn-PGMs f3 K, 15
FIPGMs & &Y, HH E/KEMPGMs & £,
Pt. Pd. Rh ] 532 H 250 714 99.54%. 99.87%-
99.11%*1,

P dE - IR L 5B, W5k E .
PR PRI RUD, ERAETME; (BN T E ke 4
kL, PGMs [EIICR R -

(=) RIRTRIHE - Mg - B0
IR R 4 - A - SO ERRETZE (I
K3) AISEBLSR . A, RS PGMSs [R1Y
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EiEiSiq Fe-PGMs&4:

Bk Bk PGMs [ Je

[

Pt Pd Rh

El3 (RRHKIHE-BE-BUEMRARBLE

IO TR IR BRI - RIRE T EATE
IA R, DUBRIE & S SR, Bih TR A
RFE . AR RS, "R (RE (/MF 1400 T)
M TR PGMs & 4, [RIBT B G b2k & S TE R s
IS PR R AR R IZ EAT A AT, B T A
TR e EREA R E . ZREMIX (] @ik
AR THE AR, W08 T ARKE s A B R TE
£ m(Ca0) : m(Na,0)=35: 20. CaF, & & N 5%
2 &E1T) . Na,B,O, &N 85% (&1l Fe
MEEN15% BRI CHERERNS% %R
21D M EMAET, SEELT 1300~1400 CELHf 4R
PGMs, IR~ E S R T N
ENLEE, HIESE PGMs UBUR VAR 1T XA AE T &
AR,

BF X ALO, MR 1 I A AL i1 77, 2T CaO-
ALO,-Na,0 ¥ R FFAAIE R 7Y K AR AU 45 I
SZHL 1400~1500 “CE:AH4E, [ PGMSs (1) Eb 451 1
99%, Wi T REERE SRIER. H— PR Tk
5 PGMs [ 3 22 B . B4 1 5 PGMEs fiokr B
AR R = A BT R RE, AT 5 PGMs fichs
WA AR BE, BN T HERTAR R T A
REAHEHEES . LT EHE. W%, i
LETZ, RIREMENE 4 T EERmi5 NG
BAAEH, T HEAA RS AR .

B Ak 415 3K Fe-PGMs &4, TR T1EE

HLfA & #E PGMs iR : DL Fe-PGMs ABHM. . EhiR N
Bt FeSO, N EE LA, ReBHML I Fe ML
A, ¥ PGMs HEEEMHMIE. MK HES
BOoN: HJE0.5~0.8 V, Fe* #KFEF A 1~1.5 mol/L, i
%4 60~80 C, pH A2.5~3.5. 85%~90% [’] PGMs
WoE S HWYE T, H AR PGMs B fEsk A, H
fE L 1) PGMs SR JE 29 1 mg/L.  HLfif i FE7E B
W) % B AR T PR T R SR R, gl ]
DAPG IR S, R8T 40 / Ak - BRVE L 275 4L
TR, WCRIRIA L, 2T R E . Ak,
PGMs FH R Y6 & 1% =y, >R H HCIH+NaClO, f4& & 1] 4%
PGMs 58 4= VA i . W4 PGMs 5 2% Jii 75 V8 Vi H A7 1
TE A 22 e, SR FH BH B 4 IR 2R AT e R PR BR %
M IERRA S, BB Fe . APHREE 2 7 A
664.8 mg/L. 1113.6 mg/LF#% 102 mg/L. 178.2 mg/L.

KB OAEREARMK S E Pdy Ptv Rh, B
T BRAL ST VR4 B 4R 41 PGMs [ i FbE 2 . Woke
B AR RSN S, M R R EE (S,) A
HYPd I ECAL AR EE,  MKAR = 3 BE B P &
iR 7l B8 5 PA LA, HoAth PGMs BA K Cus Fe.
Al & 8 AN e B 5 BBERC A7, AT 43 & Pd.
AR = T (TBP) B.0LAHUPt, FH TBPL
HTE 24545 BH S T PR PR 45 & PtCIZ #E NG HLAH
Rh ANEEHE S, TBP ZEHUIM B AEK AR, #i8 52
Pd. Pt. RaIm S &. &%, BJEE, Pt
Pd. Rh ()45 B8 L 99.95%, SEHL T MR
41 PGMs.

IR E - - B OEN T2 A LES
JEIG R MAREL . FEREFEMR. FIYRE S . PGMs
gl AR A, fE PGMs 1 SR R AT W3R8 T2
% FH o

7 RS REM A ABARMRENHARE

AL ULPGMs Al FF 8 K B A E /B, M T
PGMs [ 55 FO R B O, B 1 4 3001 2 52 0
PGMs 1] #74: K e i B4 . J5 4L, PGMs i
FIHFP b mRERE, BFEIFRE “PGMs H4. 4
SR, SYkpi e AR S AR, #ik
PGMs 7 ¥ 1] FH 4 5 25 b 1R A 22 F0 4 AR A 1 72 M
AEWE, sl “EBEM+” KA PGMs & KL 1)
“Ii - AbEE - PRI AR
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FE 2 PGMs 1 2 K, {H PGMs i ¥4 F] H 7
WP “re et R RE . AR R
A, FEATWEAEKIE G T E &, 17
WF “IBEE” RBEM B, UGBS RICR . KK
A KIS B 1 PGMs Zf € 1 PR H B S, [ g
“PGMs & 4. /BSR4, VS Yphin” AR R
GHAE ARG M “ = #mt” B RIBL ] SR
3, BHT PGMs T PR FH BRI, SR I 4 7 4H B 1)
FiREZ, hnE PGMs A AR S256 = i
7B PR BT 2

B IE PGMs K £ bR, PGMsUEE. [Allc.
L PRV bR AESR Z, SEEORIE R R
McHiE . FRIE PGMs 1G4 H] H A E 4 A il A
NG RABRIH. BTG . HIRKHRSEE 2R
B, fESENEPRTT N i sdE. R A4 B
A RPETTBEI TS . @O E 1% PGMs
TEIARI ] 8 S br iR &R, B SR AR I = b AR
BMEE, )48 B E Al A E bR E P 37 2
HRg 1. BE PGMsTEM A H L B, SCHFTS
ey FHARSEHE B Ll E Ak, 25 T BRI
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PGMs A P b S =K “ B .
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PAZE R ISR 32 AT IR R 5 8L PGMs [ BTN 77
R EL S A SRS AE . BESEIE T PGMs {34 4]
P& 5% 3 FUR F i 71, Nk 7% PGMs
7 il 2 A i ) BRSNS R P M s M . RS
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