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Table 1 Composition content of spent automotive catalysts(mass fraction) %
5%y Si0, ALO, P,0; 7r0, CeO, Ca0 MgO Pi/(g-t™") Pd/(g-t™) Rh/(g-t™")
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Table 2 Chemical composition of iron tailings(mass

fraction) %
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Fig.1 Relationship between Gibbs Free Energy and temperature for possible reactions during co-smelting
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20 wm

7 Fe-PGMs &4 I OWIE 5 L2 73 A K]
Fig.7 Microstructure and elemental distribution mapping of the Fe-PGMs alloy

&7 45 B, Pr Pd F Rh = Fh 411 45 Ji 7F 2k
SR b B B A HIOIRAS |, U8 B AE S 1 3 B2 v PGMs
HFeJE Wl T RIFM & &4 G Fe G 2N K
L X B E] P Pd Rh TR E S, B8
KX AT A ULEE ) ST () PGMs & S A S Ak & P T
B . X R WA 4 Jm O R DL s ph 4 s URL Y
EAAET G, MRS & mPIE T B,
H2 5 Hume—Rothery [& % /4 TE LN, Fe 5 Pt Pd.,

Rh HA FIT A4 S5 242 FL SRR ZE A AR ] D97
VAT R vh 5 TE 3% S [ A4, X 5 Ding 251211
RGN 8, BT, BT ORI, 30
PGMs J5L T8 “ V457 1E a—Fe k& I8 il tf A g
e [E AR . R4 EDS 7341, Fe (Pd 2 1% A 4 WP Fh
F B Gy, HmT S B0 0l R 83, 11% . 14. 63%
Pt .Rh 4 0. 17% .0. 27% , 3% 5 J5UR} o Pt \Pd \Rh % 4
X ARAR — B, B & T 4 s 2P LS



- 16 - T E A & S A

RS RBIEIAF A (L&)

S [ R B 4 (R Ak G L 3k S 4 Rk R A A i
&R IR AR AR EZE R F R . Iy
R i R aa I ) A 4 s TR R R R A
SR A, AT R Sl wEHHES S A,
AHE B B AR S, (S @R R A gk T
fe/Mb o R BORE AL S R U R
Pt.Pd Rh 9 B s A W E T IE T2 T 200
CIEFRES

3 Zhig

ST HET hE S Si0,. Ca0 il Fe,0, % 14y,
ARG HE T — R Rk R R ) J i ok 2k
AR AR5 4 )8 (PGMs) BT T. 25, FF7E i T
SRR AT TR R, BT TS
XF PGMs RIS (5200, e J 64T T B Uil ge Je %
HEA AT A5 B LA EEE5 8.

DI 220 R W, 76 1 500°CF , #1054 a8 A
AR AT 55 3 DR B Ay gk S H AR A ) 3 S5 R PR BT
A, HAG<O; R E i 1 550°CHY, Si0, 5 94 I A= i
PAJTTSi, Ik — 20 5 A b g A B ok T R T Y
Fe-Si &4, W 5 2L 53 8 . 1 500°CH, MUC il &
Si0,-Ca0-ALO,~MgO (5% ) AR X A= S IR,
oy ot BA R0 shrk fgsse vk .

2) U R B i et T2 25 ek B A =
30% JE KRR BE 1 500°C AR IR ] 1 h w0 (CaO)fw
(Si0,)=0. 7 B JFFN A3 1. 2%, 1% 2:0F T, Pr.Pd
Rh A4 [ 543 5155 51 98. 45% .98. 23% .96. 7%

3)3% T &5 i s AN CaO e 45 — ol , Se
TN R R ORI A R T R AR R R v A
Z, BERTFT Fe-PCMs & & WL B M2 0E T
B,

4) X BRSSP P E AT XRD 5 SEM-EDS &
fE, &5 R, PGMs 15 Fe & 4 A1 o 5 3 B34 51 )
SYECRES 5 &R B L T R I AR SEBL T
BTG 4 B 0 i R 4R 2O RIS A5 M, nT g B
AEMNBRE B . AR N KRR
FVER R4 I b o 5% [ 2 1) % U Ak 5 6 3 £k P [ 4k
PHERAIL T B 2k MRAS SRt i iy 2 X HE SR
4 JE R BEIE AE BRI 5 6 A 18 TS kiR
FHELAT B4R Tl AR F =

[ 2% 3Ciik ]
(1] SBRA, IR, 1AW, . KBS KB LR R

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

B BERIBETELT ). DEERJE, 2025, 46(1): 41-47.

GUO Liangxi, SUN Shuchen, XIAO Faxin, et al. Research on
the capture of Pt, Pd, and Rh in spent automotive catalysts by
pyrometallurgical iron [J]. Precious Metals, 2025, 46 (1) :
41-417.

ZHANG F'Y, LU S J. Research progress on recovery of platinum
group metals from spent automotive catalysts supported on
cordierite [J]. Rare Metal Materials and Engineering, 2021, 50
(9): 3388-3398.

XIA J S, GHAHREMAN A. Platinum group metals recycling
from spent automotive catalysts: metallurgical extraction and
recovery technologies [J].  Separation and  Purification
Technology, 2023, 311: 123357.

LIU C, SUN S C, ZHU X P, et al. Metals smelting—collection
method for recycling of platinum group metals from waste
catalysts: A mini review [J].

2021, 39(1): 43-52.
QIAO J X, CHEN A, GUO X Y, et al. Recovery of platinum

Waste Management & Research,

group metals from spent automobile exhaust catalysts[J]. Journal
of Operations Management, 2024, 76(2): 750-758.
CHIDUNCHI I, KULIKOV M, SAFAROV R, et al. Extraction
of platinum group metals from catalytic converters[]]. Heliyon,
2024, 10(3): 25283.

MVOKWE S A, OYEDEJI O O, AGORO M A, etal. A critical
review of the hydrometallurgy and pyrometallurgical recovery
processes of platinum group metals from end—of-life fuel cells
[J]. Membranes, 2025, 15(1): 13.

LU, HRAEAR . RV AL AR A5 A I W AR I 5 i
(3], PR @4 E S, 2025, 35(6): 2069-2084.

HUANG Hongjun, SHAO Zhidong. Research progress of
recovery technologies for each component of spent automotive
catalysts [J]. The
2025, 35(6) : 2069-2084.

TG, [z, SN, S BRI SB B EAA FHEARTT R B
REE)]. TR, 2024, 26(3): 120-130.
ZHANG Shengen, HE Xuefeng, SHI Zhisheng,

Chinese Journal of Nonferrous Metals,

et al
Recycling of platinum group metals: development status and
prospect[J ]. Strategic Study of CAE, 2024, 26(3): 120-130.
JKgit, TRIBRE, SR, 4. PRIRAR AL AR i
W TZOF 5 BRI BB 25 & R L 2022, 40(7)
97-103.

ZHANG Jinchi, ZHANG Bangsheng, ZHANG Fan, et al.
Research status on pyrometallurgical recovery process of waste
automotive exhaust gas purification catalysts [J]. China
Resources Comprehensive Utilization, 2022, 40(7): 97-103.
0, BUNE, BRICE, A5 IR RO G R AL
R AR B R )], A G a8 GRERMAY) , 2017(8)
40-43.

LI Yong, HE Xiaotang, XIONG Qingfeng, et al. Enrichment



2026 4F 6 A5 3] i RAE KRBT S EE S U R R R R T A - 17

and recovery of platinum, palladium and rhodium from spent Nonferrous Metallurgy , 2025, 54(4): 60-68.
automotive exhaust catalysts by smelting process [J]. [17] CHANG W T, LIN C M, SUY L, et al. Effect of FeO content
Nonferrous Metals (Extractive Metallurgy), 2017(8) : 40-43. on foaming and viscosity properties in FeO-Ca0O-Si0,-MgO—

[12] DING Y, ZHENG H, ZHANG S, et al. Highly efficient ALO, slag system[J]. Metals, 2021, 11(2): 289.
recovery of platinum, palladium, and rhodium from spent [18] LI D C, YAN B, GAO T Y, et al. PINn model of diffusion
automolive catalysts via iron melting collection[J]. Resources, coefficient identification problem in fick’ s laws [J]. ACS
Conservation and Recycling, 2020, 155: 104644. Omega, 2024, 9(3): 3846-3857.

[13] SARATHCHANDRA S S, RENGEL Z, SOLAIMAN Z M. A [19] ZHENG R L, LYU J, LI B, et al. Co—treatment of spent
review on remediation of iron ore mine tailings via organic automotive catalyst and copper—bearing electroplating sludge to
amendments coupled with phytoremediation [J]. Plants, 2023, alloy platinum group metals with base metal matrices [J].
12(9): 1871. Journal of Environmental Chemical Engineering, 2023, 11(5):

[14] TRINH H B, LEE J-C, SRIVASTAVA R R, et al. Eco—threat 110823.
minimization in HCI leaching of PGMs from spent automobile [20] ZHOU S W, WEL Y G, SHI Y, et al. Characterization and
catalysts by formic acid prereduction [J]. ACS Sustainable recovery of copper from converter copper slag via smelting
Chemistry & Engineering, 2017, 5(8): 7302-7309. separation [J]. Metallurgical and Materials Transactions B,

[15] WU S L, HUANG W, KOU M Y, et al. Influence of AL, 2018, 49(5): 2458-2468.
content on liquid phase proportion and fluidity of primary slag [21] YANJ S, ZHANG L, MAO S D, et al. The recovery of PGMs
and final slag in blast furnace[J]. Steel Research International , from spent automotive exhaust catalysts by lead slag[J]. Journal
2015, 86(5): 550-556. of Wuhan University of Technology—Mater Sci Ed, 2025, 40

[16] sk, HE3C, SRERES, 45 . SRali B M — e M L 16 R B2 1Dl (3): 871-879.
= oopEfb G A R L] A R 4, 2025, 54(4) [22] EROL M, KUCUKBAYRAK S, ERSOY-MERICBOYU A.
60-68. Comparison of the properties of glass, glass—ceramic and
SHI Shanlin, LU Wen, ZHANG Yuehong, et al. Deep recovery ceramic materials produced from coal fly ash [J]. Journal of
of platinum group metals from spent automotive catalysts by iron Hazardous Materials, 2008, 153(1-2): 418-425.

trapping smelting—slag magnetic separation method [J]. China

Recovery of platinum group metals via co-smelting of spent automotive catalysts and iron
ore tailings
PAN Hao', ZHU Xiaoping', ZHANG Lili', REN Bei', ZHAO Jinrong', WANG Weixing’, LIU Chuan’
(1. School of Chemical Equipment, Shenyang University of Technology, Liaoyang 110870, China;
2. Liaoning Qingxin Environment Technology Co. , Ltd. , Liaoyang 110870, China;
3. School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)
Abstract: Spent automotive catalysts are an important secondary resource of platinum group metals (PGMs).
Conventional iron-collection pyrometallurgical processes require the addition of extra iron collectors and large
amounts of slag-forming fluxes, resulting in high processing costs. To reduce costs and promote the synergistic
utilization of solid wastes, this study proposes a co-smelting process using iron tailings rich in SiO,, CaO, and
Fe,0, together with spent automotive catalysts. In this process, iron tailings serve simultaneously as both a
collector for pyrometallurgical recovery of PGMs and a fluxing agent. Thermodynamic analyses and single-factor
experiments were conducted to investigate the effects of key process parameters on the recovery of PGMs, followed
by validation experiments and characterization analyses. Thermodynamic calculations indicated that at 1 500°C ,
platinum group metal oxides could be reduced to their metallic states by carbon, iron, and iron oxides, with Gibbs
free energy changes (AG) below zero. When the temperature exceeded 1 550°C , SiO, was readily reduced to
elemental silicon, which subsequently reacted with iron to form Fe-Si alloys, thereby hindering the subsequent
separation process. Furthermore, at 1 500°C, the Si0,-Ca0-Al1,0,-MgO (5%) quaternary slag system exhibited a

broad liquid-phase region, ensuring complete melting, favorable fluidity, and good stability. The experimental
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results showed that under the optimal conditions of a smelting temperature of 1 500°C, binary basicity (Ca0/SiO,)
of 0.7, iron tailings addition of 30%, and reductant addition of 1.2%, the recovery rates of Pt, Pd, and Rh
reached 98.45%, 98.23%, and 96. 7%, respectively. XRD and SEM-EDS analyses revealed that PGMs were
highly and uniformly dispersed within the Fe-based alloy phase, forming stable solid solutions with metallic iron
and achieving efficient enrichment of PGMs. The final slag exhibited a glassy structure, enabling the stable
immobilization of hazardous components. This technology provides an efficient, low-cost, and environmentally
friendly solution for the synergistic resource utilization and harmless treatment of spent automotive catalysts and
iron tailings. It also demonstrates significant industrial application potential for promoting the recycling of
secondary platinum group metal resources and the sustainable management of metallurgical solid wastes.

Key words: spent automotive catalyst; iron ore tailings; co-smelting; iron capture; Si0,-Ca0-Al1,0,-MgO (5% )

slag system; precious metal recovery; solid waste utilization
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