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Table 1 The components of SAC( mass percent) %
R Si0, Al O, MgO Ca0 7x0, Fe, 05 Pt* Pd* Rh*
SR/ % 32.45 38.74 9.50 0. 82 2.20 1.23 519 2015 205
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Fig.1 XRD analysis results of SAC
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Table 2 Experimental reagents
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Table 4 Effect of different calcium oxide additions on the capture recovery of PGMs

—— = T

Lf“jgff” MR M/ R i#ih POMs pf/( gt >Rh . o @quza;/ % _
10 0.28 1550 T 35.00 265.00 13.00 92. 65 85. 67 93.09
20 0.42 1500 T 28.70 147. 30 9. 80 93.53 91.45 94. 41
30 0.56 1485 NEES 14. 30 58.50 10. 40 96. 47 96. 28 93.51
40 0.70 1460 oG 8.90 35.20 5.50 97.63 97.59 96. 30
50 0.84 1460 g 8.70 30. 20 5.30 97.54 97. 80 96.21

RS EPRIR LR PCMs Hili 4R [ R (4 52

Table 5 Effect of melting temperature on the recovery of PGMs capture

BRRIEC RS Hich PGMo &8/ (g1 ) LERRLS i
Pt Pd Rh Pt Pd Rh
1 460 85 575 T 15.90 36.70 12.70 95.77 97.49 91.45
1470 Bt 13. 80 25. 60 8. 80 96. 33 98. 25 94. 08
1480 St 9. 00 24. 80 5.70 97.61 98. 30 9. 16
1490 Stk 8.50 20. 70 5. 60 97.74 98.58 96.23
1500 Stk 8.90 21.20 5.70 97.63 98.55 9. 16

35 Bl BN FEB I S 1460 CHETIEHRET,  HRIas R, i 1480 CON I IR , nl 3
WA RIS 7%, MR T2 1480 C G457 RekE SRERCE,
MEWRR, AR BRI ARES, REAEEE 214 FAEEARE
MBI S, 2 F PGMs i iR 2 7. AR RERRER A PR R A 45 AT E L 5 A F-
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Table 6 Effect of calcium fluoride addition on the

recovery rate of PGMs capture

ALES KGO PGMs At/

G ER %
WA R/ (gt
/% C Pt Pd Rh Pt Pd Rh

1 1470  9.30 22.50 5.80 97.53 98.46 96.10
3 1460 8.50 19.70 5.20 97.74 98.65 96.50
5 1455 6.50 15.50 5.20 98.27 98.94 96.50
7 1450 5.80 16.20 5.30 98.46 98.89 96.43

6 SRR, Cal, B B2 AL TS
WRACR . R A o E R AR 2 AT T, BEE
Cal, WS G0, I /IR ARG Jeiy (AR U sl e i 25
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SR i Pk PCMs 5 BB AL, AR AR
IR, 2 CaF, iIn ARy 5% I, it PGMs & it
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PGMs Hfi £ I YSg =32 52 4 1 U 3l P 15 6 s ¥R —
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FEEHRIS ] 45 min, %5 5¢ Fe Ky U IR X PGMs 4 4 o]
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Table 7 Effect of iron powder addition on the

recovery rate of PGMs capture

Begm i PGMs &/ (get™") S B [/ %
A% p Pd Rh Pt Pd Rh

8 23.70  64.20 17.40 93.70 95.60  88.29
10 15.50 53.70 11.20 95.88 96.32  92.46
12 9.50 36.50 7.70  97.47 97.50 94.82
14 5.70 16.00 5.60 98.48 98.90 96.23
16 5.40 15.70  5.30  98.56  98.92  96.43
18 5.30 16.20  5.50 98.59 98.89  96.30

T BdE R Fe N 5 PGMs i 48 [l
RIELIEASC Bl Fe A RGN, # b PGMs 5% B4 &
FRE PR MM ARETE 14% B, PGMs il 48 2 14 5|
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Brits b PGMs 751k, 25 R L3 8,

T8 ARV RN ] F 48 B ko K
Table 8 Experimental results for different

melting times

i PGMs 4t/ (g-t~")

FEHRITE]/min Pt Pd Rh
15 33.0 56. 4 27.8
30 17.7 34.4 19.6
45 8.5 28.6 11.0
60 8.3 26.3 1.5
75 7.5 27.0 10.6
90 8.3 26.5 11.4

H & 8 45 R AT WL, I B 45 min J5 P i
PGMs & =¥ THE (Pt 8.5 g/t \Pd 28.6 g/t Rh
11.0 g/t) , K W] Fe WX PGMs [l i 72 2 58
o ZHEHEZV T, Rl PGMs & gt iff — 2P R IK
Z Pt5.6g/t.Pd 17.7 g/t Rh 5.4 ¢/t, PGMs fili4E %
h98.55% o Vit LT R PR T E SRV B BOl
BaEN IR E SR, fE 6 4w Mok 2
Fe —PGMs 44 WUkL [n] 43 J& AT F8 = 4 .

ARV 205 52 L 0 35 B B B AL R 41 , XRD 5]
i (B 3) R FETE se A iy AE i AL 0, SR W] AR Ak 1R
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Fig.3 XRD analysis results of smelting slag
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Fig.4 SEM image ofsmelting slag

ST A5 %
JLE

&AL EE2 JEE3 TEE4
0 67.76 4.55 13.51 25.29
Mg 291 0.55 0.07 0.71
Al 11.25 0.30 1.24 177
Si 11.54 19.77 16.41 539
Ca 5.98 0.29 0.06 0.58
Fe 0.47 70.60 55.14 63.83
Rh 0.04 0.73 0.25 0.22
Pd 0.02 3.11 11.34 0.54
Pt 0.05 0.09 1.99 1.75

5 4RIk SEM-EDS mifIi e it
Fig.5 SEM-EDS analysis results of (spot scan)smelting slag
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Fig.6 SEM-EDS analysis results (area scan) of smelting slag
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Table 9 Experimental results for different

grinding fineness

*ﬁ]%—o. 1 mm W % PGMs ;5?':1ﬁ/ PGMs 3% PGMs J&[a]
i 1L/ % (et) R /%
58 100. 00 28.70 100. 00
36.0 Wiks  0.80 1901. 35 53.00 99. 32
By 99.20 13. 60 47.00
51 100. 00 28.70 100. 00
46.5 Wiks  0.88 1954. 85 59.94 99. 42
E# 99.12 11. 60 40. 06

Z58° 100. 00 28.70 100. 00

55.8 Wik 1.06 1979. 50 73.11 99. 61
B 98.94 7.80 26. 89
597 100. 00 28.70 100. 00

68.7 Wik 124 2123.35 91.74 99. 88
A 98.76 2.40 8.26
#51° 100. 00 28.70 100. 00

87.6 WEKS 130 2162.20 97.94 99.97
A 98.70 0. 60 2.06

HIZ% O W], B B0 20 BEAR T, Wi 7 R B
B BT, HARE ™ PGMs dh A2 [EDICR [ 22 2
IR S AL R A 2 - 0.1 mm (5 [ 87. 6% I,

PGMs {4 4 [n] W Z2 1k W {H 97. 94% , [n] I 2 s

PGMs % 0.6 o/t, bk & M ORL T 78 43 i

B IR ET

2.3.2 Wy R
40 - 0.1 mm (5 [ 87. 6% 4 3K ik

Vi 25% , 25 551 3 5 FE X 35 50CR 1R 5 ], 25 R L

%10,

F10  A[FME 5N Bk g 45 R
Table 10 Experimental results for different

magnetic intensity

Wi bkt FE#%/  PGMs fhifii/ PGMs ik PGMs [a]
SREE/T %o (get™h)  E/ % W/ %
4% 100. 00 28.70 100. 00
0.10  #k  1.16 2163. 15 87.43 99. 82
B 98.84 3.65 12.57
%5 100. 00 28.70 100. 00
0.12 kG 1.25 2157. 80 93.98 99.91
By 98.75 1.75 6.02
45 100. 00 28.70 100. 00
0.14 K5  1.30  2158.45 97.77 99.97
B# 98.70 0. 65 2.23
25 100. 00 28.70 100. 00
0.16 ks 1.33 2109. 50 97.76 99.97
B 98.67 0. 65 2.24

7 10 Bl 2], BE G BE X G IERCR B 3%
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Fig.7 XRD analysis results of magnetic concentrate
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Deep recovery of platinum group metals from spent automotive catalysts
by iron trapping smelting-slag magnetic separation method
SHI Shanlin', LU Wen', ZHANG Yuehong®, XIAO Faxin’, DI Yuezhong’
(1. Shenyang Research Institute of Nonferrous Metals Co. , Ltd. , Shenyang 110141, China;

3. Shenyang University of Chemical Technology, Shenyang 110141, China;

3. School of Metallurgy, Northeastern University, Shenyang 110819, China)
Abstract; In this study, a combined iron capture and smelting-magnetic separation process was developed for the
efficient recovery of platinum group metals (PGMs) from three-way catalysts ( SACs) for waste vehicles. The
optimized process parameters were determined by kilogram-level intermediate frequency furnace test: calcium oxide
dosage of 40% , iron powder 14% , melting temperature of 1 480 °C , reaction time of 45 min, the content of PGMs
in the slag decreased to <30 g/t, and the capture recovery rate reached 98. 55% . For the remaining Fe;0,/Fe;Si
encapsulated PGMs particles in the slag, wet ball milling ( particle size —0. 1 mm=85% ) combined with 0. 14 T
magnetic field strength magnetic separation was used to obtain a concentrate yield of 1. 3% , a PGMs content of <
0.6 g/t and a magnetic separation recovery rate of 97. 7% . The total recovery rate of PGMs in the whole process
exceeded 99. 9% , and the magnetic enrichment of Fe; 0, and Fe;Si particles was the core mechanism to achieve the
deep recovery of PGMs. This process significantly improves the recovery efficiency of dispersed PGMs by iron
capture and smelting technology, and provides a reliable technical solution for the large-scale regeneration of SAC
secondary resources.
Key words: spent automotive catalyst; deep recovery of platinum group metals; iron trapping smelting; melting

slag analysis; magnetic separation



